
 
 

 

 

CITY OF HOUSTON 

DEPARTMENT OF PUBLIC WORKS AND ENGINEERING 

ENGINEERING AND CONSTRUCTION DIVISION 

 

 

 

PROJECT MANUAL 

 

East Water Purification Plant – Chemical Feed Systems Improvements 

Bid Package 2 – Plant 1-2 Improvements 

WBS No. S-000056-0071-4 

 

 

VOLUME NO. 1 OF 1 

 

 

Divisions 00 through 16 

 

 

SEPTEMBER 2015 

 

 

 

 

 

 

 
 

4635 SOUTHWEST FREEWAY, SUITE 1000 

HOUSTON, TEXAS 77027 

(713) 622-9264 

HDR Engineering Inc., Texas Reg. No. F-754 

klivas
Image



 

PROJECT MANUAL INSIDE COVER 1 OF 3 
 

East Water Purification Plant – Chemical Feed Systems Improvements 

WBS No. S-000056-0071-4 
 

HDR Engineering, Inc. 
4635 Southwest Fwy, Suite 1000 
Houston, Texas 77027 
(713) 622-9264 
TPBE Reg. No. F-745 

Process and Mechanical 

Divisions  
1, 2, 9, 10, 11, 13 and 15 
 

 
 

 Structural 

Divisions  
3 and  5  

 



 

PROJECT MANUAL INSIDE COVER 2 OF 3 
 

East Water Purification Plant – Chemical Feed Systems Improvements 

WBS No. S-000056-0071-4 
 

 

KIT Professionals, Inc. 
2000 West Sam Houston Pkwy 
South, Suite 1400 
Houston, Texas 77042 
(713)783-8700 
TBPE Reg. No. F-4991 

 

 

 

Process and Mechanical 

Divisions  
7, 11, 13 and 15 
 

Kalluri Group, Inc. 
10497 Town & Country Way 
Suite 220 
Houston, Texas 77024 
(713) 365-9288 
TBPE Reg. No. F-665 

 

Electrical and Instrumentation 

Divisions  
13 and 16 
 

 



 

PROJECT MANUAL INSIDE COVER 3 OF 3 
 

East Water Purification Plant – Chemical Feed Systems Improvements 

WBS No. S-000056-0071-4 
 

Freese & Nichols, Inc. 
10497 Town & Country Way 
Suite 600 
Houston, Texas 77024 
(713) 600-6800 
TBPE Reg. No. F-2144 
 

Process and Mechanical 

Divisions  
11, 13 and 15 
 

Freese & Nichols, Inc. 
10497 Town & Country Way 
Suite 600 
Houston, Texas 77024 
(713) 600-6800 
TBPE Reg. No. F-2144 

 

HVAC 

Division  
15 

 

 











































































































































































































































































































































































































































































East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 CONSTRUCTION SEQUENCE 
 

SECTION 01114 

CONSTRUCTION SEQUENCE 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The intent of construction phasing as specified herein and as shown on the 
Drawings is to maintain the maximum possible level of treatment at Plant 1-2 
of the City of Houston’s East Water Purification Plant (EWPP) throughout the 
construction process, and to facilitate coordination between the various parts 
of the project in order to maintain or bring the most critical processes on line 
in a specific order over a specific time frame. All tasks of the phased 
construction schedule necessary to maintain the highest possible level of 
treatment, whether described herein or not, are the responsibility of the 
Contractor.  

B. The EWPP is an operational potable (drinking) water treatment plant that 
must remain in service throughout construction and must comply at all times 
with all applicable state and federal regulations including the Texas 
Commission on Environmental Quality (TCEQ) Rules and Regulations and 
the U.S. E.P.A. Safe Drinking Water Act requirements. The City reserves the 
right to halt construction and/or require the Contractor to place existing 
facilities back in service if necessary to maintain compliance with those 
regulations. Contractor shall strictly adhere to the scheduling constraints and 
requirements specified herein to facilitate Plant operation and compliance. 

C. The Work specified herein and any other Contract Work required by the 
Construction Manager/Project Manager (CM/PM) which may interrupt the 
normal Plant operations shall be accomplished at such times that will be 
convenient to the City. The Contractor shall plan to work overtime, including 
nights, Sundays and holidays, if needed to complete construction of the 
various project improvements and shall make no claims for extra 
compensation required to conform to these requirements. The Contractor 
shall notify the CM/PM in writing and coordinate with the CM/PM and City’s 
Plant personnel at least 14 calendar days prior to any planned work 
associated with tying into existing facilities and piping or for any shutdown of 
the Plant or portions of the Plant. 

D. Contractor shall review and determine all materials and equipment needed to 
complete the Work of construction as described herein. Contractor shall begin 
submittal preparation process as described in Paragraph 1.03A herein. 
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CONSTRUCTION SEQUENCE WBS No. S-000056-0071-4  

E. The Contractor shall maintain continuous access for City’s Plant personnel to 
the treatment plant site and present operations. 

F. In the event that underground piping or utilities are encountered which are not 
shown on the Drawings, such piping or utilities shall not be disturbed without 
prior approval of the CM/PM. 

G. All existing Plant operations shall be performed by EWPP personnel, 
coordinated through the CM/PM by the Contractor. 

1.02 RELATED WORK 

A. Section 01110 – Summary of Work. 

B. Section 01325 – Construction Schedule. 

C. Section 01330 – Submittal Process. 

D. Section 01665 – Equipment Checkout, Field Testing and Functional Testing. 

E. Section 01735 – Vendor Training. 

F. Section 01755 – Starting Systems. 

G. Section 01770 – Closeout Procedures. 

H. Section 01782 – Operations and Maintenance Data. 

I. Section 01785 – Project Record Documents. 

1.03 SUBMITTALS 

A. The Contractor shall provide the City and CM/PM with a construction 
sequencing schedule or chart prior to submitting the construction schedule. 
The construction sequencing schedule shall incorporate all of the Work 
required by the Contract Documents and shall incorporate all of the 
constraints listed in paragraphs 1.05 through 1.09 of this Section. Submittal 
shall comply with requirements of Section 01330. 

B. For all work which will require a temporary shutdown of Plant operations or 
entire Plant shutdown, the Contractor shall begin coordinating with the 
CM/PM and City within the time period specified in Paragraph 1.01C above 
and shall submit a proposed work plan which indicates the manpower, tools, 
equipment, and construction procedure to be used at least seven (7) days 
prior to the requested shutdown period. 
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C. Contractor shall submit notifications for extended daily work hours and/or for 
work on Saturdays, Sundays and legal holidays as specified herein. 

D. Contractor shall notify City within the time period specified in Section 01110 
prior to any activities that may disturb existing asbestos materials.  

E. Contractor shall formally submit, in accordance with Section 01330, products 
and materials for all temporary plugs, dams, sealants, and incidental 
materials required for execution and completion of any temporary plant 
shutdown. Additionally, Contractor shall submit a copy of the ANSI/NSF 61 
certification from the manufacturing plant for all such temporary plugs, dams, 
sealants and incidental materials.  

F. Contractor shall submit to the CM/PM for approval a detailed Construction 
Schedule prior to initiation of site construction. The Schedule shall comply 
with aspects of the work described herein. 

G. Contractor shall update the schedule as required by Section 01325. 

1.04 REFERENCE STANDARDS 

A. All references listed shall imply to the most recent revision. 

1. American National Standards Institute (ANSI): ANSI/NSF 61, Drinking 
Water System Components – Heath Effects.  

1.05 EWPP PLANT 1-2 CAPACITY CONSTRAINTS 

A. The EWPP is a critical provider of potable water to the City of Houston and its 
other customers. It is critical that the plant remain operational at all times and 
that the minimum required capacity is produced. The Contractor shall work 
with the City of Houston and the CM/PM to maintain the required capacity 
from the complex at all times. All work covered in Bid Package 2 will be 
conducted at Plant 1-2 of the EWPP, with the exception of work in the Plant 3  
West Lime Storage Area.  The required production capacity for EWPP Plant 
1-2 shall be as follows: 

 
November 1 through March 31 (all years):    Minimum, Continuous Production  
       Capacity = 136.6 MGD 
 
April 1 through October 31 (all years):    Minimum, Continuous Production 
       Capacity = 180.0 MGD 
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B. It is understood that shutdowns of existing EWPP pipelines, process units and 
operations, of short and controlled durations, may be necessary to complete 
construction. However, Contractor shall work with the City to schedule work 
that may impact plant operations in such a manner that plant production will 
meet the capacity constraints established in this Paragraph. The Contractor’s 
project schedule will be structured to maintain capacity requirements. In the 
event that construction activity begins to impact capacity constraints in a 
manner unforeseen by the Contractor, the Contractor shall immediately take 
all steps necessary to remove the impact on capacity caused by construction 
and restore specified plant capacity. 

C. The Contractor shall provide the City and CM/PM a request for shutdown 
fourteen (14) calendar days prior to the scheduled shutdown. The City 
reserves the right to grant, delay, or deny such shutdown request depending 
upon required production capacity at the time. 

D. Plant 1-2 of the EWPP consists of five treatment process trains or modules.  
Plant 1 consists of three trains and Plant 2 consists of two trains. A maximum 
of 2 treatment modules (one module per Plant) may be taken out of service in 
a shutdown requested by the Contractor subject to the conditions specified 
herein. Complete shutdowns of up to two treatment process trains at EWPP 
Plant 1-2 will only be allowed between the period from November 1st and 
March 31st of any year. Complete shutdowns shall be of less than 12 hours in 
duration and there shall be a minimum of seven (7) calendar days between 
successive complete shutdowns. 

E. Short duration shutdowns of up to two treatment process trains at EWPP 
Plant 1-2, for a maximum of four hours, may be requested and may be 
granted, between April 1st and October 31st of any year. The Contractor shall 
provide a minimum of fourteen (14) calendar days prior notice for such two 
hour shutdown.  

F. The time of shutdowns shall be approved by the City. 

G. Contractor shall not be entitled to additional payment for shutdown work 
scheduled during night-time, Sundays or holidays to meet EWPP operating 
requirements. 

1.06 CONSTRAINTS ON INDIVIDUAL CHEMICAL SYSTEM AND/OR COMPONENT 
SHUTDOWNS 

A. Shutdown of the existing caustic feed system, or of individual caustic storage 
and feed system components. 

1. The caustic feed system is currently not in active service, but serves as 
back-up to the plant’s lime feed systems. 
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2. The caustic feed system may be taken completely out of service for 
construction purposes for an extended period, subject to the following 
limitations: 

a. The new lime storage and feed systems must be fully functional, with 
no scheduled shutdowns of active components for construction 
purposes, including cleaning, inspection, and testing of either bulk lime 
storage tank or relocation of the lime bulk storage tanks to the new 
lime storage and feed system areas. 

b. Instruments associated with only one caustic transfer pump may be 
removed, replaced, and placed into service at a time. Two pumps shall 
always be in service and available for City use.   

c. Only one of the two bulk caustic storage tanks may be taken out of 
service for installation of new instruments, cleaning, or inspection 
purposes at a time. 

d. Caustic metering pumps are located on the third floor of Chemical 
Building No. 1. Replacement of the caustic metering pumps and/or 
associated piping shall be scheduled such that only one caustic 
metering pump (C-FD-22 or C-FD-23) is out of service at any time.   

B. Shutdown of the existing ammonia feed system, or of individual ammonia 
storage and feed system components. 

1. The ammonia feed system is a critical component in the EWPP Plant 1-2 
treatment process.  The ammonia feed system must be operational and 
available at all times during construction.  The ammonia feed system is 
subject to the construction shutdown limitations established for the EWPP 
Plant 1-2 in Paragraph 1.05 above. 

2. Only one ammonia transfer pump may be removed, replaced, and placed 
into service at a time. Two pumps shall always be in service and available 
for City use.  

3. Only one ammonia day tank may be removed, replaced, and placed back 
into service at a time. One tank shall be kept in service at all times.  

C. Shutdown of the existing fluoride feed system, or of individual fluoride storage 
and feed system components. 

1. The fluoride feed system at EWPP Plant 1-2 is currently not in service. 

2. There are no shutdown limitations with regard to construction of the 
fluoride storage and feed system improvements. 
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D. Shutdown of the existing PAC feed system, or of individual PAC storage and 
feed system components. 

1. The existing PAC feed system at EWPP Plant 1-2 is currently not in 
service. 

2. There are no shutdown limitations with regard to construction of the PAC 
feed system improvements. 

E. Shutdown of the existing ferric sulfate/alum transfer pumps system 
components: 

1. The ferric sulfate/alum feed system is a critical component in the EWPP 
Plant 1-2 treatment process.  The ferric sulfate/alum feed system must be 
operational and available at all times during construction.  The ferric 
sulfate/alum feed system is subject to the construction shutdown 
limitations established for the EWPP Plant 1-2 in Paragraph 1.05 above. 

2. Replacement of piping and instruments at the existing ferric sulfate/alum 
transfer pumps shall be staged such that feed service to day tanks and 
metering pumps in Chemical Building No.1 and 2 are available at all times 
for ferric sulfate/alum feed for the EWPP Plant 1-2 treatment trains in 
service. 

F. Shutdown of the existing lime feed system, or of individual lime storage and 
feed system components 

1. The lime feed system is a critical component in the EWPP Plant 1-2 
treatment process.  The lime feed system must be operational and 
available at all times during construction.  The lime feed system is subject 
to the construction shutdown limitations established for the EWPP Plant 1-
2 in Paragraph 1.05 above. 

2. The new lime bulk storage and feed facilities adjacent to Chemical 
Building No. 2 will serve the Plant 2 trains. The new lime bulk storage and 
feed facilities adjacent to the Plant 1 trains will serve Plant 1.    

3. The new lime containment structure, new tank, recirculation pumps and 
feed pumps in each lime containment area must be installed, tested, 
accepted for use by the City before existing lime tanks can be cleaned, 
inspected and relocated to the new lime containment areas and before 
existing lime feed pumps can be removed from service.  

G. Shutdown of the existing coagulant polymer system or individual polymer feed 
components. 
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1. The coagulant polymer feed system is a critical component in the EWPP 
Plant 1-2 treatment process.  The coagulant polymer feed system must be 
operational and available at all times during construction.  The coagulant 
polymer feed system is subject to the construction shutdown limitations 
established for the EWPP Plant 1-2 in Paragraph 1.05 above. 

2. The coagulant polymer feed system is currently active and supplies 
polymer to the influent flow tubes as well as the channels upstream of 
each of the four sedimentation basin flocculators. 

3. The coagulant feed polymer system can not be taken out of service for an 
extended period during construction activities.  Shutdowns must be limited 
to the time needed to replace the existing coagulant polymer blending 
units with the proposed units and the time needed to connect new day 
tanks to the coagulant feed polymer system.  The following limitations 
apply to replacing the polymer units and installing new day tanks. 

a. The new lime containment structure, new tank, relocated tank, 
recirculation pumps and feed pumps in each lime containment area 
must be installed, tested, accepted for use by the City before coagulant 
feed polymer system can not be taken out of service. 

b. Only one polymer blending unit may be replaced at a time.  Normal 
plant operations can be maintained with one unit in service. 

c. Existing day tanks shall remain in service until new day tanks have 
been installed and are ready for connection to the coagulant feed 
polymer system.  

d. To ensure continuous operation of the plant, a polymer blending unit 
will not be taken out of service until the existing day tank is completely 
full.  The full day tank will provide additional time to allow for normal 
operation of the coagulant polymer feed system should unexpected 
conditions arise during installation of the new polymer blending units. 

H. Shutdown of the existing Flocculation Aid Polymer system or individual 
polymer feed components. 

1. There are three polymer blending units in service. Only one of the three of 
units is being replaced. Two blending units need to be in service at all 
times.  

2. There are two polymer day tanks. One day tank needs to be in service at 
all times. 
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3. The blending unit to be replaced can be taken out of service for an 
extended period during construction as long as the other two blending 
units are fully operable. 

I. Shutdown of the existing Filter Aid Polymer system, or of individual polymer 
storage and feed system components. 

1. The Filter Aid Polymer feed system at EWPP Plant 1-2 is currently not in 
service. 

2. There are no shutdown limitations with regard to construction of the Filter 
Aid System improvements. 

J. Shutdown of the existing flash mix pumps, or system components: 

1. The flash mix pumps are a critical component in the EWPP Plant 1-2 
treatment process.  Two flash mix pumps are currently in operation and a 
third pump which serves as back-up for the other two pumps is out of 
service. 

2. Two flash mix pumps must be operational and available at all times during 
construction.  

3. Removal of an operating flash mix pump shall not occur until the third and 
out of service flash mix pump is replaced with a fully operable unit. 

1.07 GENERAL PROJECT CONSTRAINTS 

A. All existing pump stations must remain fully operational during construction, 
except as specifically approved by the City of Houston Drinking Water 
Operations, Plant Manager.  

B. Utility Outages and Shutdown: Provide notification to the City a minimum of 
14 calendar days in advance of required utility shutdown. Coordinate all work 
as required. 

C. The Contractor is required to protect all equipment, building, structures, 
piping, electrical cables, tanks, underground utilities, and all associated 
appurtenances during construction. 
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D. The Contractor is clearly responsible for all temporary supports and bracing 
for all structural elements including, but not limited to, pumps, piping, walls, 
and foundations. All proposed temporary bracing and supports must be 
submitted by the Contractor for approval by the City and must be prepared by 
a Registered Professional Engineer retained by the Contractor.  It is the 
Contractor’s responsibility to insure the safety and functionality of the piping 
and associates appurtenances in the intermediate conditions of sequencing 
between these said temporary phase conclusions. Furthermore, should the 
Contractor feel that any supports or bracing illustrated or depicted with these 
construction documents present a potential problem in terms of safety or 
interference with operations, it is the Contractor’s responsibility to immediately 
document these concerns and immediately present this said documentation 
to the City’s attention. 

E. Contractor shall maintain existing onsite Plant access roads and parking 
spaces, to the greatest degree possible, over the course of the Project. When 
the progression of work disrupts onsite Plant access roads, Contractor shall 
establish and maintain temporary access roads as required to complete the 
Project and/or provide alternate access for City’s Plant personnel. 
Contractor’s establishment of temporary access roads shall be sufficient to 
provide a similar level of service, fulfill the City’s need and shall not disrupt 
Plant operations or create any safety hazards. 

1.08 TEMPORARY CHEMICAL FEED FACILITIES 

A. The Contractor shall be responsible for all temporary chemical feed facilities, 
including storage, metering pumps, piping, electrical, etc. for all chemical feed 
facilities. The Contractor shall submit a detailed plan inclusive of plan and 
section layouts as well as P & IDs of all temporary feed facilities to the City 
and CM/PM prior to beginning work on such facilities. Submittal shall be in 
accordance with Section 01330.  

1.09 WORK COORDINATION 

A. Refer to Section 01312 – Coordination and Meetings. 

B. Coordination with Work provided by Others. 

1. There are ongoing construction and maintenance projects at the EWPP, 
with work provided by others. The Contractor shall coordinate scheduling 
and completion of work of this contract with the other active construction 
and maintenance projects through the City’s CM/PM. 

2. All costs associated with coordination of work with other contracts and 
projects shall be included in the base bid unit price. 
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C. The Contractor shall make every effort to group work in similar areas or work 
that will affect similar operation together. 

D. Contractor shall keep CM/PM informed of all work activities, including daily 
notification of all crews performing work and the locations thereof. To facilitate 
work planning, Contractor shall submit no later than 3:00 p.m. local time each 
Friday his work plan for the upcoming week which will identify the work to be 
performed each day and the location thereof. 

1.10 SCHEDULE CONSIDERATIONS 

A. Contractor shall develop the construction schedule to accommodate all 
construction sequence requirements identified in this Section. 

1.11 MINIMUM CONDITIONS FOR SUBSTANTIAL COMPLETION 

A. In addition to requirements outlined in document 00700 – General Conditions, 
for Contractor to be substantially complete with the Work and call for 
inspection by CM/PM to confirm, the following minimum conditions must be 
met or completed. 

1. All new structures and buildings fully constructed and complete with all 
utilities connected, tested, in service and operational. 

2. All equipment installed, tested, and functional in both Hand and Auto 
Modes. 

3. All site plan, yard piping, electrical and all other site work installed, tested 
and complete. 

4. Fully function SCADA System with fully functional HMI and operator 
interface panels. 

5. All programming, control narrative and system startup procedures and 
equipment interaction fully demonstrated. 

6. All testing requirements included in Section 13300 shall be completed and 
accepted by the CM/PM. 

7. All SCADA and security equipment shall be installed and tested in 
accordance with the specification and manufacturer’s requirements and 
shall be accepted by the manufacturer’s representative and approved for 
operation. 

8. Final O & M manuals shall be delivered to the CM/PM in hard copy and 
electronic format. Electronic manuals shall be provided in a format 
acceptable to the CM/PM. 
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9. Completion of requirements outlined in Specification Section 01665 
“Equipment Checkout, Field Testing and Functional Testing” 

10. Completion of installations of all required safety structures and equipment, 
including, but not limited to, guard rails, warning signs, etc. 

B. No special condition described in Paragraph 1.11 may be included in the 
Contractor’s punch list. 

1.12 SUBSTANTIAL COMPLETION OF A PORTION OF THE WORK 

A. As allowed under 9.9 of  General Conditions, the Contractor may request that 
the CM/PM and the City Engineer issue a Certificate of Substantial 
Completion for a portion of the work, as defined herein, and as included in the 
Contract, subject to the requirements of the General Conditions, and 
paragraph 1.11 above. 

B. Only the following portions of the Work are eligible for consideration as being 
Substantially Complete separate from the complete Work specified under this 
Contract. 

1. Completion of installation and testing of all improvements to the existing 
fluoride feed system, including tanks, valves, pumps, piping, ancillary 
equipment, electrical work, instrumentation and control work, and all work 
herein associated with the improvements to the fluoride storage and feed 
system necessary to provide a complete and operating system. 

2. Completion of installation and testing of all improvements to the existing 
PAC feed system, including tanks, valves, mixers, air pollution control 
equipment, pumps, piping, ancillary equipment, electrical work, 
instrumentation and control work, and all work herein associated with the 
improvements to the PAC storage and feed system necessary to provide a 
complete and operating system.. 

C. The City’s issuance of a Certificate of Substantial Completion for a portion of 
the Work, as described above, does not relieve the Contractor of his 
obligation to request, in accordance with the General Conditions, Final 
Substantial Completion for the entire work included in this project. 

D. While the CM/PM and City will consider and review the Contractor’s request 
for Substantial Completion for one or more portions of Work described in 
subparagraph B above, the Contractor is not obligated to request Substantial 
Completion of any portion of the Work and may elect to request a single, Final 
Substantial Completion for the entire Work included in this project. 
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E. The CM/PM and the City are under no obligation to consider any contractor 
requests for Substantial Completion for any portion of the Work not 
specifically listed in 1.12.B above. 

1.13 LIQUATED DAMAGES 

A. The Contractor understands and agrees that the time of completion for the 
Work is an essential consideration of development of his proposal and that 
failure to complete the work under this Contract, within the allotted time as 
specified or subsequently adjusted by Change Orders will result in damages 
to be sustained by the City. The Contractor and City further agree in applying 
liquated damages that such damages cannot be precisely measured or that 
the ascertainment of actual damages would be unduly difficult after the fact. 
Therefore, the Contractor, its Sureties and the City agree in applying 
liquidated damaged that for each and every Calendar day the work or any 
portion thereof, remains uncompleted after the specified times or adjusted if 
modified by Change Order, the Contractor and his sureties shall pay as 
agreed liquidated damages, the amounts specified in Section 00800, 
Supplementary Conditions. 

PART 2: PRODUCTS (NOT USED) 

PART 3: EXECUTION (NOT USED) 

END OF SECTION 
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 Section 01145 
 
 USE OF PREMISES 
 
 
1.01 SECTION INCLUDES 

A. General use of the site including properties inside and outside of rights-of-way, 
work affecting road, ramps, streets and driveways and notification to adjacent 
occupants.  

 
1.02 RIGHTS-OF-WAY 

A. Confine access, and operations and storage areas to rights-of-way provided by the 
City as stipulated in Document 00700 - General Conditions; trespassing on 
abutting lands or other lands in the area is not allowed.  

 
 B. Make arrangements, at no cost to the City, for temporary use of private properties. 

Contractor and Surety shall indemnify and hold harmless the City against claims or 
demands arising from such use of properties outside of rights-of-way. Submit a 
copy of agreements between private property owners and Contractor prior to use 
of the area. Agreements between private property owners and Contractor shall be 
notarized or bear the signatures of two witnesses. 

  
C. Obtain written permission from City of Houston Parks and Recreation  

Department for storage of materials on esplanades and other areas within  
rights-of-way under that department's jurisdiction. Submit copies of written  
permission prior to use of the area.  

D. Restrict total length of distributed materials along the route of construction to 
1,000 linear feet unless otherwise approved in writing by City Engineer.  

1.03  PROPERTIES OUTSIDE OF RIGHTS-OF-WAY  

A. Do not alter the condition of properties adjacent to and along rights-of-way. 

B. Do not use ways, means, methods, techniques, sequences, or procedures 
that result in damage to properties or improvements.  

 C. Restore damaged properties outside of rights-of-ways at no cost to the city 
 
1.04 USE OF SITE  

A. Obtain approvals from governing authorities prior to impeding or closing public 
roads and streets. Do not close more than two consecutive intersections at one 
time. 



                        CITY OF HOUSTON 
  USE OF PREMISES  STANDARD GENERAL REQUIREMENT 

 01145-2 
 01-01-2011 

 
B. Notify Project Manager and Public Works and Engineering Traffic Management 

Branch at least five working days prior to closing a street or street crossing. 
Obtain permits for street closures in advance.  

 
C. Maintain 10-foot-wide minimum access lanes for emergency vehicles including 

access to fire hydrants.  
 
D. Avoid obstructing drainage ditches or inlets. When obstruction is unavoidable due 

to requirements of the Work, provide grading and temporary drainage structures to 
maintain unimpeded flow.  

 
E. Locate and protect private lawn sprinkler systems that may exist within the site. 

Repair or replace damaged systems to condition existing at start of the Work, or 
better.  Test irrigation system prior to construction. 

 
F. Conform to daily clean-up requirements of Article 3 of Document 00700 - General  
 Conditions. 
  
G.  Beware of overhead power lines existing in area and in close proximity of the 

Project. When 10 feet of clearance between energized overhead power line and 
construction-related activity cannot be maintained, request Center Point Energy 
(CPE) de-energize or move conflicting overhead power line. Contact CPE 
representatives at (713) 207-2222. Schedule, coordinate and pay costs 
associated with de-energizing or moving conflicting overhead power lines. When 
there is no separate pay item for this effort, include these costs in various items of 
bid that make such work necessary.  
 

1.05 NOTIFICATION TO ADJACENT OCCUPANTS 

A. Notify individual occupants in areas to be effected by the Work of proposed 
construction and time schedule. Notify not less than 72 hours or more than two 
weeks prior to work performed within 200 feet of homes or businesses. Follow 
form and content of sample door hanger provided by Project Manager. 

 
B. Include in notification nature of the Work, and names and telephone numbers               

of  two company representatives for resident contact available on 24-hour call. 
 

C. Submit proposed notification to Project Manager for approval.  Consider ethnicity 
of the neighborhood where English is not the dominant language. Provide notice in 
an understandable language.  

 
1.06 PUBLIC, TEMPORARY, AND CONSTRUCTION ROADS AND RAMPS  

A. Construct and maintain temporary detours, ramps, and roads to provide for normal                                                                         
public traffic flow when it is necessary to close public roads or streets.
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B. Provide mats or other means to prevent overloading or damage to existing  

roadways from tracked equipment, large tandem axle trucks or equipment  
that will damage the existing roadway surfaces.  

C. Construct and maintain access roads and parking areas as specified in Section 
01504   - Temporary Facilities and Controls.  

 
1.07 EXCAVATION IN STREETS AND DRIVEWAYS 

A. Avoid hindering or inconveniencing public travel on streets or intersecting  
alleys for more than two blocks at any one time, except by permission of City 
Engineer.  

B. Obtain Traffic Management Branch and City Engineer's approval when nature 
of the Work requires closure of an entire street. Permits required for street  
closure are Contractor's responsibility. Avoid unnecessary inconvenience to  
abutting property owners.  

C. Remove surplus materials and debris and open each block for public use, as work 
in that block is complete.  

 
D. Acceptance of any portion of the Work will not be based on return of street to 

public use.  
 
E. Avoid obstructing driveways or entrances to private property. 

F. Provide temporary crossings or complete excavation and backfill in one continuous 
operation  to minimize duration of obstruction when excavation is required across 
drives or entrances.  

 
G. Provide barricades and signs in accordance with Section VI of the State of Texas 

Manual on Uniform Traffic Control Devices. 
 

1.08 TRAFFIC CONTROL 

A. Comply with traffic regulation as specified in Section 01555 - Traffic Control  
and Regulation.  

1.09 SURFACE RESTORATION 

A. Restore the site including landscaping to the condition existing before 
construction, or better. 

B. Repair paved areas per the requirements of Section 02951 - Pavement 
Repair and restoration.  
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C. Repair damaged turf areas, level with bank run sand conforming to Section  
02317 - Excavation and Backfill for Utilities, or topsoil conforming to Section  
02911 - Topsoil, and re-sod in accordance with Section 02922 - Sodding.  
Water and level newly sodded areas with adjoining turf using appropriate  
steel wheel rollers for sodding. Do not use spot sodding or sprigging.  

1.10 LIMITS OF CONSTRUCTION  

A. Confine operations to lands within construction work limits shown on  
Drawings. Unless otherwise noted on Drawings adhere to the following: 

1. Where utility alignment is within esplanade, and construction limits are 
shown on Drawings to extend to edge of esplanade, keep equipment,  
materials, stockpiles a minimum of five feet from back of curb.  

2. Where construction limits shown on Drawings extend to property line, 
keep sidewalks free of equipment, materials, and stockpiles.  

1.11 EQUIPMENT AND MATERIAL SALVAGE 

A. Upon completion of the Work, carefully remove salvageable equipment and 
material. Deliver them to City of Houston as directed by Project Manager.  
Dispose of equipment offsite at no additional cost to the City when Project  
Manager deems equipment unfit for further use.  

PART 2 P R O D U C T S - Not Used 

PART 3 E X E C U T I O N - Not Used 

END OF SECTION  
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East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 SUPPLEMENTARY - SCHEDULE OF VALUES 

SUPPLEMENTARY SPECIFICATIONS HDR 

SECTION 01292S 
 

SCHEDULE OF VALUES 
 

The following supplement modifies Specification Section 01292. Where a portion of the 
Specification is modified or deleted by this Supplementary Specification; the unaltered portions 
of the Specification shall remain in effect. 
 
1. Insert the following paragraph after 1.01 and renumber existing Paragraphs 1.02 and 1.03 to 

1.03 and 1.04: 
 

"1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for developing a Schedule of Values. Payment shall 
be included in the lump sum, Base Bid Item No. 1, Mobilization, in Section 00410, Part 
B, Paragraph B." 

 
2.  PREPARATION. Replace Paragraph 1.03, formerly Paragraph 1.02, in its entirety, as 

follows: 
 

A. For lump sum, stipulated price items (Section 00410, Part B, Paragraph A), Contractor 
shall subdivide the Schedule of Values into logical portions of the work, such as major 
work items or work in contiguous construction areas. Use the Construction  Schedule 
specified in Section 01325 as a guide to subdivide the work items. Directly correlate 
Items in the Schedule of Values with tasks in the Construction Schedule. 

B. Contractor is required to further subdivide the costs for each major work item in the 
Schedule of Values with an installed value of$10,000 or more. At Contractor's option, 
major work items in the Schedule of Values with installed values of less than$10,000 
may also be subdivided into component costs. This $10,000 threshold applies to major 
work items and may not apply to component parts. For example, if the cost of  
switchgear exceeds $100,000, the subcomponent switchgear line item for the  
switchgear may not require additional cost breakdown. The Construction Manager shall 
approve all subcomponent line items with a value greater than $10,000 in the initial 
Schedule of Values Submittal, and may require a resubmittal of the Schedule of Values 
with additional cost breakdown. 

 
1. Organize (subdivide) each portion of work, or major work item, using the Project 

Manual Table of Contents as an outline for listing value of the Work by specification 
Sections. Subdivide the cost for the individual line item by major products or 
operations included under the line item. 

 
2. For portions of the work for which the Contractor intends to request progress 

payment of materials stored on-site, the installed cost of the equipment or item 
shall be broken down into; 
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a. Delivered cost of product, supported by invoice. 

b. Installation cost, including Contractor's overhead and profit. 

3. Costs for mobilization, bonds and insurance are not to be included with the 
individual Work line items in the Schedule of Values. 

4. Round off figures for each subdivided portion of the Work to the nearest $100. 

5. For lump sum equipment items, where submittal of operation and maintenance 
data and/or testing are required, include separate items for equipment operation 
and maintenance data and testing where: 

a. submittal of maintenance data is valued at five percent of the lump sum amount 
for each equipment item and, 

b. submittal for testing and adjusting is valued at five percent of the lump sum 
amount for each equipment item. 

6. For lump sum equipment items, where vendor training is required, as specified in 
the individual equipment Specification section, include a separate item for 
equipment vendor training provided to the Owner where: 

a. Completion of vendor training is valued at two percent of the lump sum amount 
for each equipment item. 

C. The lump sum, base unit price for Bid Item No. 1, Mobilization, should be equal to the 
sum of the costs for the Work specifically included in Mobilization as specified in 
Section 01502, and include costs for mobilization, bonds and insurance. 

E. Schedule of Values shall include a separate section for Extra Unit Price Bid Items 
(Section 00410, Part B, Paragraph C), with a single line item provided for each Extra 
Unit Price Bid Item.   No payment for extra unit price bid items will be allowed without 
prior authorization for the extra unit price work from the Construction Manager. 

 

F. Schedule of Values shall include a separate section for Cash Allowances (Section 
00410, Part B, Paragraph D). Initial values for the allowances shall be based on the 
values provided in the Bid Form, and shall be adjusted to reflect actual costs, following 
approval by the Construction Manager. No payment shall be made for items included 
under Cash Allowances without submittal of support documentation by the Contractor 
and prior approval of the Construction Manager." 

 
3. SUBMITTAL. Add the following subparagraph to existing Paragraph 1.04, formerly 

Paragraph 1.03: 
 

"D. "Some technical specifications (Division 02 through 16) do not include a Measurement 
and Payment section. Include costs in the lump sum Stipulated Price, in Section 
00410, Part B, Paragraph A for those Specification sections in Divisions 02 through 16 
that do not contain a Measurement and Payment section." 
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END OF SUPPLEMENT 
 

Approved by: 
 
             
Hamlet Hovsepian, P.E.      Date: 
Assistant Director 
Engineering and Construction Division 
Department of Public Works and Engineering 
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Section 01312 
 

COORDINATION AND MEETINGS 
 

 
PART 1 G E N E R A L 
 
1.01 SECTION INCLUDES 
 

A. General coordination including pre-construction meeting, site mobilization 
conference, and progress meetings. 

       
1.02 COORDINATION OF DOCUMENTS 
 

A. Coordination is required throughout documents.  Refer to Contract 
documents and coordinate as necessary. 

 
1.03 CONTRACTOR COORDINATION 
 

A. Coordinate scheduling, submittals, and work of various Specification sections 
to assure efficient and orderly sequence of Installation of interdependent 
construction elements. 

 
B. Coordinate completion and clean up of the Work prior to the Date of 

Substantial Completion and for portions of the Work designated for City's 
partial occupancy. 

 
C. Coordinate access to the site for correction of nonconforming work to 

minimize disruption of the City's activities where the City is in partial 
occupancy. 

 
1.04 PRE-CONSTRUCTION MEETING 
 

A. Project Manager will schedule pre-construction meeting. 
 

B. Attendance Required:  City representatives, Design Consultant, special 
consultants as required by Project Manager, Contractor, and major 
Subcontractors and Suppliers. 

 
C. Agenda: 

 
1. Distribution of Contract documents. 
 
2. Designation of personnel representing the Parties and Design 

Consultant. 
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3. Review of insurance. 
 

4. Discussion of formats for Schedule of Values and Construction 
Schedule. 

 
5. Procedures and processing of Shop Drawings, substitutions, pay 

estimates or Applications for Payment, Requests for Information, 
Requests for Proposal, Modifications, and the Contract closeout, other 
submittals. 

 
6. Scheduling of the Work and coordination with other contractors. 

 
7. Review of Subcontractors and Suppliers. 

 
8. Appropriate agenda items listed for the site mobilization conference, 

Paragraph 1.05.C, when pre-construction meeting and site 
mobilization conference are combined. 

 
9. Procedures for testing. 

 
10. Procedures for maintaining record documents. 

 
1.05 SITE MOBILIZATION CONFERENCE 
 

A. When required by Contract documents, Project Manager will schedule a 
conference at the Project site prior to Contractor mobilization. 

 
B. Attendance Required:  City representatives, Design Consultant, special 

consultants, Superintendent, and major Subcontractors. 
 

C. Agenda: 
 

1. Use of premises by the City and Contractor. 
 
2. Safety and first aid procedures. 

 
3. Construction controls provided by the City. 

 
4. Temporary utilities. 

 
5. Survey and layout. 

 
6. Security and housekeeping procedures. 

 
7. Field office requirements. 
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1.06 PROGRESS MEETINGS 
 

A. Hold meetings at Project field office or other location designated by Project 
Manager.  Hold meetings at monthly intervals, or more frequently when 
directed by Project Manager. 

 
B. Attendance Required:  Superintendent, major Subcontractors and Suppliers, 

City representatives, Design Consultant and its subconsultants as 
appropriate for agenda topics for each meeting. 

 
C. Project Manager will make arrangements for meetings, and for recording 

minutes. 
 

D. Project Manager will prepare the agenda and preside at meetings. 
 

E. Provide required information and be prepared to discuss each agenda item. 
 

F. Agenda: 
 

1. Review minutes of previous meetings. 
 
2. Review of construction schedule, pay estimates, cash flow curve, 

payroll and compliance submittals. 
 

3. Field observations, problems, and necessary decisions. 
 

4. Identification of problems that impede planned progress. 
 

5. Review of submittal schedule and status of submittals. 
 

6. Review of RFI and RFP status. 
 

7. Modification status. 
 

8. Review of off-site fabrication and delivery schedules. 
 

9. Maintenance of Construction Schedule. 
 

10. Corrective measures to regain Construction Schedule. 
 

11. Planned progress during the succeeding work period. 
 

12. Coordination of projected progress. 
 

13. Maintenance of quality and work standards. 
 



14. Effect of proposed Modifications on Construction Schedule and coordination. 
 

15. Review Project Record Contract Drawings. 

16.  Other item relating to the Work.  

 PART 2 P R O D U C T S - Not Used  

PART 3 E X E C U T I O N - Not Used 

END OF SECTION 
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 SECTION 01351 
 
 ENVIRONMENTAL SAFETY AND WORKER PROTECTION 
 
 
PART 1  GENERAL 
 
1.01 SECTION INCLUDES 
 

Environmental Safety and Worker Protection including monitoring emissions and 
exposure to workers and providing an appropriate response.  The role of the 
Certified Industrial Hygienist (CIH) is also defined. 

 
1.02  MEASUREMENT AND PAYMENT 
 

No separate measurement and payment for work performed under this Section.  
The Contractor shall include the cost for this work in the contract bid price for 
work of which this is a component part. 

 
1.03  REFERENCES 
 

The following is a list of applicable requirements to this project.  It is not intended 
to be a complete listing of all laws and regulations to which the Contractor must 
comply. 

 
A. Code of Federal Regulations 

 
1. 29   CFR   1910,   "Occupational Safety and Health Standards". 

 
  a.  29  CFR  1910.146  "Permit-required confined spaces". 

 
2. 29 CFR 1926, "Safety and Health Regulations for Construction" 

(Construction Industry Standards). 
 

a.  29 CFR 1926.33 "Access to Employee Exposure and Medical 
Records". 

 
 b.  29 CFR 1926.51, "Sanitation Standard". 

 
 c.  29 CFR 1926.59, "Hazard Communication". 

 
 d.  29 CFR 1926.62, "Lead". 

 
 e.  29 CFR 1926.103 "Respiratory Protection". 

 
3. 40 CFR 50, "National Primary and Secondary Ambient Air Quality 
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Standards" 
 

a. 40 CFR 50 Appendix B, "Reference Method for the Determination 
of Suspended Particulate Matter in the Atmosphere (High Volume 
Method)". 

 
b.  40 CFR 50 Appendix G, "Reference Method for the Determination 

of Lead in Suspended Particulate Matter Collected from Ambient 
Air". 

 
4. 40 CFR 58, "Ambient Air Quality Surveillance". 
 
5. 40 CFR 60 Appendix A, "Visual Determination of Fugitive Emissions from 

Material Sources and Smoke Emissions from Fires". 
 

6. 40 CFR 117, "Determination of Reportable Quantities for Hazardous 
Substances". 

 
7. 40 CFR 122, "Administered Permit Program:  The National Pollutant 

Discharge Elimination System". 
 

B. National Institute for Occupational Health and Safety 
 
 NIOSH Method 7082, "Lead" (or equivalent). 
  
C. American Society for Testing and Materials 

 
ASTM D3335, "Test Method for Low Concentrations for Lead, Cadmium, and 
Cobalt in Paint by Atomic Absorption Spectroscopy." 

 
D.  EPA (Environmental Protection Agency) Publications 

 
1.  SW-846, "Test Methods for Evaluating Solid Waste - Physical/Chemical 

Methods". 
 
2.  EPA Method 3050, "Acid Digestion of Sediments, Sludges, and Soils". 

 
E. SSPC Guide 6, "Guide for Containing Debris Generated During Paint Removal 

Operations". 
 

F. SSPC Guide 7, "Guide for the Disposal of Lead Contaminated Surface 
Preparation Debris". 

 
  G. SSPC Publication 91-18, "Industrial Lead Paint Removal Handbook". 
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  H. Texas Commission on Environmental Quality 
 

1. Texas Administrative Code (TAC) 30, Chapter 101, "General Rules". 
 

2. Texas Administrative Code (TAC) 30, Chapter 111, "Control of Air 
Pollution from Visible Emissions and Particulate Matter". 

 
3. Texas Administrative Code (TAC) 30, Chapter 290, "Water Hygiene". 
 
4. Texas Administrative Code (TAC) 30, Chapter 307, "Surface Water Quality 

Standards". 
 
5. Texas Administrative Code (TAC) 30, Chapter 309, "Effluent Limitations". 
 
6. Texas Administrative Code (TAC) 30, Chapter 335, "Industrial Solid Waste 
           and Municipal Hazardous Waste". 

 
1.04 SUBMITTALS 
 

A.  Submittals shall conform to requirements of Section 01330 – Submittal 
Procedures. 

 
 B. Submittals shall conform to appropriate codes for regulatory requirements. 
 
1.05 DEFINITION 
 

A. Acceptance Criteria:  Minimum standards for the content of programs, plans, 
procedures, and designs required by this specification for the performance of this 
project.  Acceptance criteria will be the basis for judging the responsiveness of 
Contractors' programs and will also be used as a basis for suspending work, if 
necessary. 

  
B. Action Level:  Employee exposure, without regard to the use of respirators, to an 

airborne concentration of lead of 30 micrograms per cubic meter of air (μg/m3) 
calculated as an eight hour time-weighted average (TWA). 

 
C. CERCLA:  Comprehensive Environmental Response, Compensation, and Liability 

Act; commonly called Superfund.  Federal laws addressing the clean up of 
hazardous waste sites.  Amended in 1986 by Superfund Amendments and Re-
Authorization Act (SARA).  EPA implementing regulations are contained in 40 
CFR 300-373. 

 
D. Competent Person:  One who is capable of identifying existing and predictable 

lead hazards in the surroundings or working conditions and who has authorization 
to take prompt corrective measures to eliminate them. 
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E. Containment System:  An enclosure built around lead paint removal areas 
designed to contain lead paint debris and prevent emissions to the environment.  

 
F. Dust Collection: Mechanical ventilation system designed specifically for the 

containment, capture, and removal of airborne particulate from the containment.  
Dust collection systems shall include ductwork, plenums and/or hoppers, and 
dust collector(s) for the removal of leaded paint dust from the air stream prior to 
discharging to the atmosphere. 

 
G. Emission:  A release of material to the air, water, or ground. 
 
H. Entry/Exit Airlock:   An isolated enclosure located at the entrance of the 

containment in which the workers remove contaminated dust and debris from 
their work clothes. 

 
I. EPA:  The US. Environmental Protection Agency.  Regulations are contained in 

Title 40 of the Code of Federal Regulations (40 CFR). 
 
J. Hazardous Waste (lead paint debris):  Waste that is classified as hazardous due 

to its concentrations of regulated hazardous substances.  Paint debris is 
classified as hazardous waste if, after testing by the Toxicity Characteristic 
Leaching Procedure (TCLP), the leachate contains any of the 8 metals or other 
substances in concentrations at or above limits established in 40 CFR 261. 

 
K. HEPA:  A high efficiency particulate filter (HEPA) that  is 99.97% efficient against 

particles of 0.3 microns in size or larger. 
 
L. Lead Containing Dust and Debris:  Dust and debris generated during the project 

which contains lead in any amount, including but not limited to pulverized paint, 
spent abrasive, filters (wet and dry), and containment materials upon which lead 
is still present. 

 
M. NIOSH:  National Institute of Occupational Safety and Health. 
 
N. OSHA:  Occupational Safety and Health Administration.  Standards are contained 

in Title 29 of the Code of Federal Regulations, Parts 1910 and 1926 (29 CFR 
1910 and 29 CFR 1926). 

 
O. Owner: The City of Houston 
 
P. PEL:  Permissible Exposure Limit.  An employee exposure, without regard to the 

use of respirators, to an airborne concentration of lead of 50 μg/m3 over an 8 
hour TWA. 

 
Q. POTW:  Publicly Owned Treatment Works 
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R. RCRA:  Resource Conservation and Recovery Act.  Federal law pertaining to 

hazardous waste management.  EPA implementing regulations are contained in 
40 CFR 240-280. 

 
S. Regulated Area:  Area established by the Contractor to demarcate the zone(s) 

beyond which airborne concentrations of lead do not exceed the Action Level.  
 
T. SSPC:  Society for Protective Coatings.  An independent, non-profit organization 

of engineers, technical specialists, and Contractors whose goal is research and 
development of new coatings and methods for removal, application, and disposal 
of existing coatings on industrial structures. 

 
U. Tarpaulins:   Flexible fabric, vinyl, plastic or canvas cover sheets, impenetrable to 

dust, wind, and water, used to enclose the cable and/or scaffold support system 
comprising the containment enclosure. 

 
V. TCLP:  Toxicity Characteristic Leaching Procedure.  Laboratory tests conducted 

on wastes that determine the amount of hazardous materials that leach out into a 
test solution.  The test is intended to simulate the properties of water as it leaches 
through a solid waste landfill.   TCLP testing is defined in 40 CFR 261, Appendix 
II. 

  
W. TSP:  Total Suspended Particulate 
 

 
PART 2 PRODUCTS 
 
2.01 MATERIAL AND EQUIPMENT 
 

A. The Contractor is to supply materials and equipment to insure the safety and 
protection of workers and the environment in accordance with these 
specifications. 

 
PART 3 EXECUTION 
 
3.01 ENVIRONMENTAL PROTECTION AND MONITORING 
 

NOTE:  Section 09971 "Painting and Protective Coatings", 2.04  "Containment     
System”  specifically identifies containment system requirements. 

 
A. Protection of Ambient Air:  Visible emissions are to be controlled to meet, as a 

minimum, TAC 30 Chapter 111," Control of Air Pollution from Visible Emissions 
and Particulate Matter" requirements and SSPC-Guide 6I (CON), Level 1 
Emissions.  Air monitoring and analysis may be performed by the City during 
abrasive blast cleaning operations.  Such monitoring will be in accordance with 40 
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CFR 50, Appendix B, "Reference Method for the Determination of Suspended 
Particulate Matter in the Atmosphere" and/or 40 CFR 50, Appendix G, "Reference 
Method for the Determination of Lead in Suspended Particulate Matter Collected 
from Ambient Air".  The limits for down wind pollutant concentrations allowed 
during blasting operations are as follows: 

 
PM-10:  450 micrograms/cubic meter/ 8 hr..  (40 CFR 50.6) 

 
Lead (Pb):  13.5 micrograms/cubic meter/8 hr..  (40 CFR 50.12) 

 
Visible emissions and/or monitored emissions for PM-10 and TSP lead in excess 
of the above levels shall be cause for shut down of the project until corrections to 
control/ containment system or paint removal/ surface preparation operations are 
made to comply with these requirements. 

 
 B. Protection of Surface and Storm Water:  The Contractor shall take all necessary 

precautions to ensure lead contaminants do not enter surface waters or storm 
water drainage systems. 

 
1. The Contractor shall protect the area around ditches and drainage inlets. 

Daily verification of proper protection to minimize the potential 
contaminants reaching the drainage system shall be performed. 

 
2. The Contractor shall collect all potentially contaminated process waters for 

testing and, as appropriate, treatment.  Process water from pressure 
washing, wet abrasive blast cleaning or hygiene facilities shall not be 
discharged to drainage systems or surface waters. 

 
3. The Contractor may remove lead or other heavy metals from such waters 

through filtration, ion exchange or other approved means.  Following 
treatment, water samples must be tested prior to disposal.  Discharge to 
sanitary sewer lines requires authorization, in writing, from a POTW. 

 
C. Protection of Soil and Grounds:  The Contractor shall protect the soil around the 

structure to ensure that the soil does not become contaminated.  Where lead is 
present in the coatings to be removed, as indicated in Section 02136 "Waste 
Material Handling and Disposal", the Contractor shall provide for the sampling 
and analysis of soil samples for total lead content. 

 
1. Sampling and analysis shall be performed prior to commencement of paint 

removal operations to establish a background "base level".  Soil samples 
shall be taken 3 feet from the base of the tank(s), at a distance of 6-10 feet 
beyond the proposed containment structure and at the property line. 

 
2. Samples from each area shall be taken in a minimum of four directions, at 
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circular increments of 900, one of which shall include the direction of 
prevailing wind.  Samples shall also be obtained, at the direction of the 
engineer, at the closest points of public access (i.e. housing, park, school). 

 
3. The soil sampling procedure shall be as outlined in SSPC Guide 6 Section 

5.5.5.  Each sampling point shall be sufficiently identified on a site map to 
allow return to the exact location upon project completion. 

 
4. Each sample shall be split in two portions, one for immediate analysis and 

the other sealed, preserved and furnished to the Engineer.  The samples 
shall be analyzed in accordance with EPA Method 3050, "Acid Digestion of 
Sediments, Sludges and Soils", and shall be performed by a qualified 
laboratory approved by the Engineer. 

 
 
5. Samples shall be obtained at the completion of work (post-construction 

samples) from all locations from which pre-construction samples were 
obtained.  Samples shall be collected, handled and tested in the same 
manner as described above. 

 
6. Upon completion of the work, soils found to be contaminated with lead in 

greater quantity than found in the background "base level", established at 
the start of the work, shall be removed by the Contractor to the depth 
necessary to achieve a lead content equivalent to, or below, the pre-
construction back ground levels.  Disposal shall be in accordance with 
applicable regulations.   

 
7. The Contractor shall replace in-kind (i.e., topsoil, structural fill, etc.) with an 

equivalent amount of non-contaminated soil, compact in place and grade 
to pre-existing conditions.  The Contractor shall also replace in-kind any 
surface improvements, such as grass, shrubs, etc. that were damaged or 
destroyed by the work.  The soil removal, replacement and related work is 
to be performed by the Contractor at no additional cost to the Owner. 

 
3.02 WORKER PROTECTION 
 

A. The Contractor shall develop a written Compliance Program to establish and 
implement practices and procedures for assuring that no employee is exposed to 
lead at concentrations greater than 50 micrograms per cubic meter of air (μg/m3), 
the OSHA permissible exposure limit (PEL).  This program is in addition to other 
OSHA hazard communication and safety and health requirements of the project, 
and shall be revised and updated at least every six months. 

 
1. The program shall establish methods for complying with this specification 

and the OSHA Construction Industry Lead Standard, 29 CFR 
1926.62(e)(2)(ii).  The Federal regulation is referred to as the "Lead 
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Standard" for the purpose of this specification.  
 
2. The program shall apply to all Contractor employees associated with lead 

on the project, and to subcontractors working under the direct control of 
the Contractor who are associated with lead on the project.  

 
3. The program shall assign the specific responsibility for implementation and 

enforcement of the program to the Contractors' company management.  
The Contractor's Competent Person(s) shall be identified, by name, and 
qualifications submitted.  The Competent Person shall be on-site during 
any operations which involve the removal, handling or disturbing of lead 
containing materials. 

 
4. The program shall contain a description of each activity in which lead is 

emitted (e.g. equipment used, material involved, controls in place, crew 
size, employee job responsibilities, operating procedures and maintenance 
practices). 

 
5. The program shall contain a report of the technology considered in 

meeting the PEL and air monitoring data which documents the source of 
lead emissions. 

 
6. The program shall contain a work practice program which includes items 

required in the lead standard such as protective clothing and equipment, 
housekeeping, and hygiene facilities and practices. 

 
B. Exposure Monitoring:  The Contractor shall be responsible for conducting and 

reporting worker exposure assessments in accordance with 29 CFR 1926.62. 
 

1. Representative personal air samples shall be collected at the beginning of 
the lead removal work to determine employee lead exposures.  Tasks 
involving potential lead exposure include, but are not limited to, paint 
removal operations, clean-up, and debris handling operations.  Full shift 
(at least 7 hours) air samples shall be collected for each job classification 
in the exposure area.  The range of exposures for lead removal and 
cleanup activities shall be determined. 

 
2. During the initial monitoring, workers performing the following activities (or 

equivalent) shall be protected to the anticipated exposure levels which are 
dictated by the lead standard: 

 
a. 500 μg/m3 :  Manual demolition of structures containing lead-

containing coatings or paint (e.g., dry wall), manual scraping, 
manual sanding, heat gun applications, power tool cleaning with 
dust collection systems, and spray painting with lead paint. 
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b. 2,500 μg/m3 :  Using lead-containing mortar, lead burning, or 

conducting the following activities where lead-containing coatings 
or paint are present:  rivet busting, power tool cleaning without dust 
collection systems, clean-up activities where dry expendable 
abrasives are used, and the movement and removal of abrasive 
blasting enclosures. 

 
c. More than 2,500 μg/m3:  Activities involving lead containing 

coatings or paint on structures disturbed by abrasive blasting, 
welding, cutting, and torch burning. 

 
3. Protection requires compliance with the necessary respiratory protection, 

personal protective clothing and equipment, change areas and washing 
facilities, blood lead and zinc protoporphyrin monitoring, and employee 
training.  The protection measures shall be modified, as necessary, after 
the exposure results are received. 

 
4. Where initial monitoring indicates that lead exposures are below the Action 

Level, and where work activities and conditions remain the same as at the 
time of initial sampling, additional monitoring need not be repeated for that 
work activity. 

 
 
5. Where the initial monitoring of a given work activity indicates that lead 

exposures are at or above the Action Level, additional exposure 
monitoring shall be conducted monthly.  The monthly monitoring is more 
frequent than frequencies established in the lead standard which are at 
least every 6 months if above the Action Level, but below the PEL, or 
every 3 months if above the PEL. 

 
6. All air samples shall be collected and analyzed according to NIOSH 

Method 7082, or equivalent.  All samples shall be analyzed by laboratories 
accredited by the American Industrial Hygiene Association for metals 
analysis.  

 
7. All exposed employees shall be notified in writing of the monitoring results 

within five (5) days after receiving the results. 
 
8. The Action Level for airborne lead exposure is 30 μg/m3, as an 8-hour time 

weighted average (TWA) concentration, without regard to the use of 
respirators.  Whenever workers' airborne lead exposures exceed the 
Action Level, the Contractor shall implement the following: 

 
a. Periodic Exposure Monitoring 
b. Employee Information and Training 
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c. Employee Medical Surveillance and Medical Removal Protection 
d. Housekeeping 
e. Record keeping 
f. Signs and Regulated Areas 

 
9. The Permissible Exposure Limit (PEL) for airborne lead exposure is 50 

μg/m3, as an 8-hour TWA concentration.  When the work area contains 
airborne lead levels above the PEL the Contractor shall implement the 
following in addition to those items listed in 3.02.B.8 of this section: 

 
a. Compliance Program  
b. Respiratory Protection 
c. Protective Clothing and Equipment 
d. Hygiene Facilities and Practices 

 
C. Respiratory Protection:  After feasible engineering controls and work practices 

have been implemented, respiratory protection shall be used to maintain 
employees' lead exposures below the PEL. 
1. Respirators shall be worn by all employees, other Contractors, inspectors, 

or observers who enter regulated areas. 
 
2. The Contractor shall develop a written Respiratory Protection Program in 

compliance with 29 CFR 1910.134, paragraphs (b), (d), (e), and (f), and 
the lead standard.  The program shall address the selection, use, 
maintenance, and inspection of respirators, and qualifications for respirator 
users. 

 
D. Protective Clothing and Equipment:  The Contractor shall provide protective 

clothing and equipment and ensure they are worn by all employees whose lead 
exposures exceed the PEL, or who enter regulated areas.   

  
1. Protective clothing shall include washable and/or disposable full body 

coveralls, gloves, foot coverings, and hoods.  Other protective equipment 
shall include face shields, hard hats, eye protection, and hearing 
protection as appropriate. 

 
2. Disposable protective clothing shall be used for no more than one work 

day.  Such clothing may have to be disposed of as hazardous waste.   
 
3. Reusable protective equipment shall be cleaned or replaced weekly if 

exposure levels are less than 200 μg/m3, or daily if the exposure levels are 
greater than or equal to 200 μg/m3.  

 
4. Clothing shall not be removed or "cleaned" by any means which could 

reintroduce the lead dust into the ambient air.  This includes brushing, 
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shaking, and blowing.  Vacuums equipped with HEPA filters shall be used 
for this purpose. 

 
5. Reusable coveralls shall be collected at the end of each work day in 

closed containers. The containers shall be labeled in accordance with the 
requirements of 29 CFR 1926.62(g)(2)(vii).  Contaminated clothing shall 
be cleaned in accordance with all applicable Federal, State, or local 
regulations pertaining to lead-contaminated laundry and water discharge.  
Laundries shall be informed that the clothing contains lead.  If the clothing 
is washed on site, the discharge water shall be filtered, containerized, and 
arrangements made with the local POTW or other approved means of 
proper disposal.  

 
6. Protective clothing and equipment shall be removed in the contaminated 

section of the change area and shall not be worn into any clean areas. 
 
7. The Contractor shall provide the necessary clothing and equipment for use 

by the Owner and its designated representatives. 
 

E. Housekeeping:  Accumulations of lead-containing dust and debris generated by 
work activities shall be removed and cleaned daily. 

 
1.  All persons doing the cleanup shall be trained in performing lead activities, 

respirator qualified, and participate in the medical surveillance program.  
Respirators and protective clothing shall be worn by all persons doing the 
cleanup. 

 
2.  Compressed air may be used for housekeeping if used within containment 

and in conjunction with a ventilation system designed to capture the dust.  
Otherwise, HEPA-filtered vacuum cleaners shall be employed.  

 
3.  All lead-containing dust and debris shall be collected in sealed containers. 

 The waste shall be tested to determine whether it will be disposed of as 
hazardous waste. 

 
F. Personal Hygiene Facilities and Practices 

 
1. Clean change areas shall be provided when employees' lead exposures 

exceed the PEL.  The change areas shall be equipped with storage 
facilities for street clothing and a separate area for the removal and 
storage of lead-contaminated clothing and equipment. They shall be 
designed and used so that contamination of street clothing does not occur. 
 Employees shall not leave the project site wearing any clothing worn while 
performing lead activities.  Airborne lead exposures in the change area 
shall be maintained below the Action Level. 
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2. Shower facilities shall be provided whenever employees' lead exposures 
exceed the PEL.  Shower facilities shall comply with OSHA Sanitation 
Standard, 29 CFR 1929.51.  All employees whose lead exposures exceed 
the PEL shall shower at the end of each work shift or before leaving the 
project area.  The shower facilities shall be made available for use by the 
Owner and its representatives, such as inspectors or observers.   

 
3. Arrangements shall be made with the local POTW for the proper disposal 

of the shower and wash water after filtration (e.g., through a three stage 
100, 50, and 5 micron filtering system), ion exchange, or other approved 
treatment technology. 

 
4. Clean lunch areas shall be provided for all employees whose lead 

exposures exceed the PEL.  Employees shall remove or clean (by 
vacuuming) their protective clothing and wash their hands and face before 
entering the lunch area.  Lead exposures in the lunch area shall be 
maintained as free as practicable from lead contamination. 

 
5. An adequate number of clean lavatory and hand washing facilities shall be 

provided.  These shall comply with the OSHA Sanitation Standard, 29 
CFR 1929.51.  

 
6. Eating, drinking, smoking, chewing of food or tobacco products, or the 

application of cosmetics shall not be permitted in any areas where the lead 
exposures exceed the PEL.  Thorough washing of hands and face is 
required prior to undertaking any of these activities. 

 
G. Medical Surveillance and Medical Removal Protection 

 
1. All employees who are exposed to lead above the Action Level in a single 

day during this project shall be provided with initial and periodic medical 
examinations and blood lead tests as required by the lead standard.  A 
final blood lead test shall be provided for each worker upon completion of 
the project, or at any time a worker's employment at the project ceases.   

 
2. When blood lead levels over 50 μg/dl are encountered, the Contractor 

shall provide for the temporary removal of employees from lead exposure 
above the Action Level.  The required medical surveillance and periodic 
blood lead tests shall be provided in strict accordance with the lead 
standard throughout the removal. 

 
3. Employees who will be required to wear a respirator or who request one 

shall be provided with a respirator and the necessary medical 
examinations to determine their ability to wear a respirator. 
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4. All examinations shall be provided by the Contractor and shall be 
performed by or under the direct supervision of a licensed physician. 

 
H. Employee Information and Training 

 
1. The Contractor shall provide lead training for all employees who are 

exposed to lead above the Action Level for this project. 
 
2. The content of lead training shall include, as a minimum, those items listed 

in the lead standard. 
 
3. Training shall also include hazard communication in accordance with 29 

CFR 1926.59.   
 
4. The Contractor shall notify other employers at the project site of the nature 

of the lead exposure work, the need to remain out of exposure areas, the 
warning sign and labeling system in effect, and the potential need for them 
to take measures to protect their employees. 

 
I. Signs and Regulated Areas 

 
1. The Contractor shall establish a regulated area surrounding activities 

where lead exposures exceed the Action Level.  This includes locations 
where lead-containing debris is handled or transferred to storage 
containers.   

 
2. The regulated area shall be demarcated by ropes, tape, walls, or 

containment's with caution signs posted at all accessible sides.  Signs 
shall contain the legend:  

 
WARNING 

LEAD WORK AREA 
POISON 

NO SMOKING OR EATING 
 

3. The Contractor shall control access of persons into regulated areas.  
Access shall be limited to individuals with proper training and personal 
protective equipment, and medical surveillance testing. 

 
4. All persons entering regulated areas shall wear protective clothing and 

respirators. 
 
5. Eating, drinking, smoking, and chewing of food or tobacco products shall 

be prohibited in regulated areas and in any area where lead exposures 
exceed the Action Level. 
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J. Record keeping:  All records relating to training, medical examinations, blood lead 
monitoring, and exposure monitoring shall be maintained by the Contractor as 
required by the lead standard.  All records shall be available for review by the 
Owner or its representative upon request.  

 
3.03 CERTIFIED INDUSTRIAL HYGIENIST (CIH) 
 

A. The Contractor shall provide for the services of a Certified Industrial Hygienist 
(CIH) who must be certified by the American Board of Industrial Hygiene in 
comprehensive practice. 

 
B. Duties of the CIH shall be as follows: 

 
1. Conduct and/or verify training for contractor employees in accordance with 

29 CFR 1926.62 (l). 
  
2. Review and approve Contractor's Written Compliance Plan for 

conformance to 29 CFR 1926.62(e)(2)(ii) and this Specification. 
3. Monitor and evaluate work weekly to assure conformance with the 

approved plan and that hazardous exposure is adequately controlled in 
accordance with worker safety and health requirements of these 
specifications 

 
4. Provide monthly reports of work compliance with control requirements in 

regards to working in a lead environment. 
 

C. Activities of the CIH shall include: 
 

1. Meet with City to discuss details of Contractor's Written Compliance Plan 
for lead paint removal. 

 
2. Ensure worker and area air monitoring, testing and reporting are 

conducted by or under the direction of the CIH. 
 
3. Furnish a detailed worker and area air monitoring schedule coordinated 

with Contractor's proposed production schedule. 
  
4. Directing, monitoring and inspecting lead paint removal work to ensure 

that the requirements of the Contract have been satisfied during the entire 
lead paint removal operation. 

 
5. Report results of air monitoring samples to the Engineer, signed by the 

CIH within 48 hours after the air samples are taken. 
 
6. The CIH shall review sampling data, collected on a day when lead paint 



CITY OF HOUSTON                                     ENVIRONMENTAL SAFETY AND 
STANDARD GENERAL REQUIREMENT                                        WORKER PROTECTION  
 

 
 01351-15  
 01-01-2011 

removal operations occur, to determine if conditions require any change in 
work methods.  Removal work shall not continue until approval is given by 
the CIH. 

 
7. The CIH shall verify in writing and submit monitoring data to verify that: 

 
a. Air borne lead levels at and beyond the lead control (regulated) 

area were and remained less than 30 mg/m3 of air 
 
b. Contractor conformance to 29 CFR 1926.62 and Item 3.02, above 
 
c. There were no visible accumulations of lead contaminated paint, 

dust or debris on the work site.  Adjacent areas that may have 
become contaminated were properly cleaned and inspected. 

  
d. The CIH shall verify that the work area and contractor's equipment 

have been adequately cleaned of lead contamination prior to 
demobilization from the work site. 

 
3.04 DEMOBILIZATION 

 
The Contractor shall not remove the lead control area, boundaries, warning signs, 
etc. prior to proper removal of all hazardous wastes, debris and materials from 
the site and the City's receipt and acceptance of the CIH's verification. 

 
 

END OF SECTION 
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G E N E R A L 
 

      Section 01410 

     TPDES REQUIREMENTS 

1.01  SECTION INCLUDES 

A.  Documentation to be prepared and signed by Contractor/Operator before 
 conducting construction operations, in accordance with the Texas Pollutant 
 Discharge Elimination System (TPDES) Construction General Permit Number 
 TXR 150000 issued February 15, 2008 (the Construction General Permit).  

 
B.  Implementation, maintenance inspection, and termination of storm water  

pollution prevention control measures including, but not limited to, erosion  
and sediment controls, storm water management plans, waste collection and 
disposal, off-site vehicle tracking, and other appropriate practices shown on  
the Drawings or specified elsewhere in the Contract.  

C.  Review of the Storm Water Pollution Prevention Plan (SWP3) implementation 
in a meeting with Project Manager prior to start of construction.  

1.02 DEFINITIONS 

A.  Commencement of Construction Activities: The exposure of soil resulting 
from activities such as clearing, grading, and excavation activities, as well as  

       other construction related activities (e.g., stock piling of fill material, demolition).  

B. Large Construction Activity: Project that:o 

1. disturbs five acres or more, or 

2. disturbs less than five acres but is part of a larger common plan of 
development that will disturb five acres or more of land.  

C.  Small Construction Activity: Project that:  

1. disturbs one or more acres but less than five acres, or 

2. disturbs less than one acre but is part of a larger common plan of  
development that will ultimately disturb one or more acres but less than 
five acres.  
 

D. TPDES Operator: 
 

Operator - The person or persons associated with a large or small construction 
 activity that is either a primary or secondary as defined below: 
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Primary Operator – the person or persons associated with a large or small  
construction activity that meets either of the following two criteria: 

 
(a) the persons have operational control over construction plans and specifications, 

including the ability to make modifications to those plans and specifications; or  
 

(b) the person or persons have day-to-day operational control of those activities  
 at a construction site that are necessary to ensure compliance with a storm  
 water pollution prevention plan (SWP3) for the site or other permit conditions  
 (e.g., they are authorized to direct workers at a site to carry out activities required 
  by the SWP3 or comply with other permit conditions). 

 
Secondary Operator – The person whose operational control is limited to the 
employment of other operators or to the ability to approve or disapprove changes  
to plans and specifications. A secondary operator is also defined as a primary operators 
if there are no other operators if there are no other operators at the construction site. 

 
PART 2 P R O D U C T S - Not Used 
 
PART 3 E X E C U T I O N 
 
3.01 SITE SPECIFIC STORM WATER POLLUTION PREVENTION PLAN (SWP3)  

 
A. Prepare a SWP3 following Part III of the Construction General Permit and the  

Storm Water Management Handbook for Construction Activities issued under  
City Ordinance Section 47-695(b). If conflicts exist between the Construction  
General Permit and the handbook, the more stringent requirements will apply.  

 
B. Update or revise the SWP3 as needed during the construction following Part 

III, Section E of the Construction General Permit.  
 
C. Submit the SWP3 and any updates or revisions to Project Manager for review 

and address comments prior to commencing, or continuing, construction  
activities.  

 
3.02 NOTICE OF INTENT For Large Construction Activity 

 
A. Fill out, sign, and date TCEQ Form 20022 (03/05/2008) Notice of Intent (NOI) for  

Storm Water Discharges Associated with Construction Activity under the  
TPDES Construction General Permit (TXR 150000), ATTACHMENT 1 of this 
Section 01410.  

 
B. Transmit the signed Contractor’s copy of TCEQ Form 20022 (03/05/2008), along 

with a $325.00 check, made out to Texas Commission on Environmental  
Quality, and the completed Payment Submittal Form to Project Manager.  
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C. Project Manager will complete a separate TCEQ Form 20022 (03/05/2008) for  

City’s Notice of Intent, and will submit both Notices, along with checks for 
application fees, to the TCEQ.  

D. Submission of the Notice of Intent form by both the City and Contractor to 
TCEQ if mailing is required a minimum of seven days before Commencement of  
Construction Activities.  
 

3.03 CONSTRUCTION SITE NOTICE FOR SMALL CONSTRUCTION ACTIVITY 
 
A. Fill out, sign, and date the Construction Site Notice, Attachment 2 to TPDES  

General Permit TXR 150000, “Construction Site Notice”, ATTACHMENT 2 of 
this Section 01410.  

B. Transmit the signed Construction Site Notice to Project Manager at least 
seven days prior to Commencement of Construction Activity.  

3.04 CERTIFICATION REQUIREMENTS 

A. Fill out TPDES Operator’s Information form, ATTACHMENT 3 of this Section  
01410, including Contractor’s name, address, and telephone number, and the 
names of persons or firms responsible for maintenance and inspection of  
erosion and sediment control measures. Use multiple copies as required to  
document full information.  

B. Contractor and Subcontractors shall sign and date the Contractor’s /  
Subcontractor’s Certification for TPDES Permitting, ATTACHMENT 4 of this  
Section 01410. Include this certification with other Project certification forms. 

C. Submit properly completed certification forms to Project Manager for review 
before beginning construction operations.  

D. Conduct inspections in accordance with TCEQ requirements. Ensure  
persons or firms responsible for maintenance and inspection of erosion and  
sediment control measures read, fill out, sign, and date the Erosion Control  
Contractor’s Certification for Inspection and Maintenance. Use the City of Houston 

 Storm Water Pollution Prevention Plan, Construction Site Inspection Report,           
 ATTACHMENT 5 of this Section 01410 to record maintenance inspections and 
 repairs.  

 
3.05 RETENTION OF RECORDS 

 
 
 
 

01410-03 
02-01-2011 

TPDES REQUIREMENTS 
CITY OF HOUSTON  
STANDARD GENERAL REQUIREMENT  



CITY OF HOUSTON 
TPDES REQUIREMENTS STANDARD GENERAL REQUIREMENT 

A. Keep a copy of this document and the SWP3 in a readily accessible location  
at the construction site from Commencement of Construction Activity until  
submission of the Notice of Termination (NOT) for Storm Water Discharges  
Associated with Construction Activity under TPDES Construction General  
Permit (TXR 150000). Contractors with day-to-day operational control over  
SWP3 implementation shall have a copy of the SWP3 available at a central  
location, on-site, for the use of all operators and those identified as having  
responsibilities under the SWP3. Upon submission of the NOT, submit all  
required forms and a copy of the SWP3 with all revisions to Project Manager. 

 

3.06 REQUIRED NOTICES 

A. Post the following notices from effective date of the SWP3 until date of final 
site stabilization as defined in the Construction General Permit:  

1. Post the TPDES permit number for Large Construction Activity, with a  
signed TCEQ Construction Site Notice for large or Small Construction Activity.  
Signed copies of the City’s and Contractor’s NOI must also be posted. 

2. Post notices near the main entrance of the construction site in a  
prominent place where it is safely and readily available for viewing by  
General Public, Local, State, and Federal Authorities. Post name and telephone  
number of Contractor’s local contact person, brief project description and  
location of the SWP3.  
 
a. If posting near a main entrance is not feasible due to safety  

concerns, coordinate posting of notice with Project Manager to  
conform to requirements of the Construction General Permit.  

 
b. If Project is a linear construction project (e.g.: road, utilities,  

etc.), post notice in a publicly accessible location near active  
construction. Move notice as necessary.  

3. Post a notice to equipment and vehicles operators, instructing them to 
stop, check, and clean tires of debris and mud before driving onto  
traffic lanes. Post at each stabilized construction access area.  

4. Post a notice of waste disposal procedures in a readily visible location 
on site.  

3.07 ON-SITE WASTE MATERIAL STORAGE 

A. On-site waste material storage shall be self-contained and shall satisfy 
appropriate local, state, and federal rules and regulations.  
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B.      Prepare list of waste material to be stored on-site. Update list as necessary to 
       include up-to-date information. Keep a copy of updated list with the SWP3.  

C. Prepare description of controls to reduce pollutants generated from on-site  
 storage. Include storage practices necessary to minimize exposure of  

materials to storm water, and spill prevention and response measures  
 consistent with best management practices. Keep a copy of the description 

with the SWP3.  

3.08 NOTICE OF TERMINATION  
 

A. Submit a NOT, ATTACHMENT 7 of this Section 01410, to Project Manager 
 within 30 days after: 
  

1.  Final stabilization has been achieved on all portions of the site that are the 
 responsibility of the Contractor; or  
 
2.  Another operator has assumed control over all areas of the site that have 

 not been stabilized; and  

3.  All silt fences and other temporary erosion controls have either been  
 removed, scheduled to be removed as defined in the SWP3, or transferred 
 to a new operator if the new operator has sought permit coverage.  

B. Project Manager will complete City’s NOT and submit Contractor and City’s 
 notices to the TCEQ and MS4 entities.  

  END OF SECTION 
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TPDES OPERATOR’S INFORMATION 

Owner’s Name and Address: City of Houston  

Mr. ___________________________________ 
(City Official)  

______________________________________ 
(Department)  
P. O. Box 1562  
Houston, Texas 77251-1562  
(713) 247-1000 

Contractors’ Names and Addresses: 

General Contractor: 

Telephone: 

Site Superintendent: 

Telephone: 

Erosion Control and  
Maintenance Inspection: 

Telephone: 

Subcontractors’ Names and Addresses: 

Phone: Phone: 

Note: Insert name, address, and telephone number of person or firms  
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CONTRACTOR’S / SUBCONTRACTOR’S  

CERTIFICATION FOR TPDES PERMITTING 

I certify under penalty of law that I understand the terms and conditions of TPDES  
General Permit No. TXR150000 and the Storm Water Pollution Prevention Plan for the 
construction site identified as part of this certification.  

Signature: 

Name: (printed or typed) 

Title: 

Company: 

Address: 

Date: 

Signature: 

Name: (printed or typed) 

Title: 

Company: 

Address: 

Date: 

Signature: 

Name: (printed or typed) 

Title: 

Company: 

Address: 

Date: 
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TPDES/EPA Permit Number __________ 

COH Storm Water Quality Permit Number __________ 

DATE __________ 

  No exceptions noted.  
The following must be corrected prior to continuing work:  
  Public Notice improperly posted  
  Initial Construction Site Inspection Report information requires updating 
  Copy of NOI not on site  
  Storm water pollution prevention plan not on site  
  Erosion and sediment controls improperly installed  
  Erosion and sediment control devices improperly maintained  
  Fueling or washout areas not properly protected  
  Portocan or other sanitary facilities not properly protected  
  Self-inspection and maintenance records incomplete  
  Sediment from site outside area of construction  
  Other (see description below)  

Please contact the Storm Water Quality Engineer at 
611 Walker, RA-257, Houston TX 77002  

713-837-7383 fax 713-837-0570  

Once the above items have been corrected, call to arrange for reinspection. No further  
inspections for any construction related activity shall be made until the above items have been 
corrected.  

Inspector's Signature Contractor’s Signature 

Inspector's Name Contractor’s Name 
  not present

TPDES REQUIREMENTS 
CITY OF HOUSTON  
STANDARD GENERAL REQUIREMENT  

ATTACHMENT 6 

City of Houston  
Storm Water Pollution Prevention Plan  
Construction Site Inspection Report  

Distribution Stormwater Quality Engineer, Code Enforcement, Inspector, Operator  
(Operator is Contractor)  
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CITY OF HOUSTON 
STANDARD GENERAL REQUIREMENT MOBILIZATION 

Section 01502 
 

MOBILIZATION 
 
 
PART 1 G E N E R A L   
 
1.01  SECTION INCLUDES  
 

A. Mobilization of construction equipment and facilities onto the site.  
  
1.02  MEASUREMENT AND PAYMENT  
 

A.  Unit Price Contracts. If Contract is Unit Price Contract, measurement for mobilization is on a 
lump sum basis.  

 
B.  Stipulated Price (Lump Sum) Contract.  If Contract is Stipulated Price Contract, payment for 

Work in this Section is included in total Stipulated Price.  
 
C.  Mobilization payments will be included in monthly payment estimates upon written 

application by Contractor subject to the following provisions:  
 

1.  Authorization for payment of 50 percent of that portion of Contract Price designated 
for mobilization will be made upon receipt and approval by Project Manager of the 
following items, as applicable:  

 
a. Safety Program (Document 00700, Paragraph 10.1.1).  
 
b. Site Utilization Plan (Section 01145).  
 
c. Schedule of Values (Section 01292), if any.  
 
d. Initial Construction Photographs (Section 01321), if needed.  
 
e. Preliminary Construction Schedule and Billing Forecast (Section 01325).  
 
f. Construction Schedule (Section 01325 or Section 01326, as applicable).  
 
g. Submittal Schedule (Section 01330).  
 
h. Site specific Storm Water Pollution Prevention Plan (SWPPP) and Notice of 

Intent (NOI) along with storm water application fee (Section 01410), if 
required.  

 
i. Contractor’s Quality Control Plan (Section 01450), if required.  

01502-1 
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CITY OF HOUSTON 
STANDARD GENERAL REQUIREMENT MOBILIZATION 

 
j. Establishment of a Field Office for Project Manager meeting requirements of 

Section 01520 - Temporary Field Office. 
 
k. Traffic Control Plan (Section 01555), if required.  
 
l. Plan for Control of Ground and Surface Water (Section 01578), if required.  
 
m. Project Signs Submittal (Section 01580).  
 
n. Trench Safety Program (Section 02260), if required.  
 
o. Dewatering plan, when required.  

 
2. Authorization for payment of the balance of that portion of Contract Price designated 

for mobilization will be made upon completion of the Work amounting to five 
percent of Original Contract Price.  The amount of Contract Price designated for 
mobilization may not be applied in computing whether or not five percent of the 
Original Contract Price has been obtained.  

 
3. Mobilization payments will be subject to retainage amounts stipulated in Document 

00700 – General Conditions.  
 
 
PART 2  P R O D U C T S -Not Used  
 
 
PART 3  E X E C U T I O N -Not Used  
 
 

END OF SECTION 
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East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 SUPPLEMENTARY - MOBILIZATION 
 

SECTION 01502S 
 

Supplementary specification 
 

MOBILIZATION 
 

CITY OF HOUSTON – Standard Spec 
 

The following supplement modifies Specification Section 01502. Where a portion of the 
Specification is modified or deleted by this Supplementary Specification, the unaltered  
portions of the Specification shall remain in effect. 
 
1.  MEASUREMENT AND PAYMENT. Delete Paragraphs 1.02 A. and 1.02 B. and 

replace with the following: 
 

A.  The cost for mobilization as required per Section 01502 including the 
supplementary specification,  is included in the lump sum, Base Bid Item 
Number 1, Mobilization, in Section 00410, Part B, Paragraph B. 

 
2.  MEASUREMENT AND PAYMENT. Renumber Paragraph 1.02 C as 1.02 B. 

 
 

END OF SUPPLEMENT 
 
 
 

Approved by: 
 
             
Hamlet Hovsepian, P.E.      Date: 
Assistant Director 
Engineering and Construction Division 
Department of Public Works and Engineering 
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 Section 01504 
 

 TEMPORARY FACILITIES AND CONTROLS  
 
 

PART 1 G E N E R A L 
 
1.01 SECTION INCLUDES 

A. Temporary facilities and necessary controls for the Project, including utilities, 
telephone, sanitary facilities, storage sheds and building, safety  
requirements, first aid equipment, fire protection, security measures,  
protection of the Work and property, access roads and parking,  
environmental controls, pest and rodent control and disposal of trash, debris  
and excavated material.  

B. Facilities and controls specified in this section are considered minimum for  
the Project. Provide additional facilities and controls for proper execution of 
the Work and to meet Contractor’s responsibilities for protection of persons  
and property.  

1.02 MEASUREMENT AND PAYMENT 

 A. UNIT PRICES 

 1. No separate payment will be made for any temporary facilities and controls 
  required under this section.  Include cost of such work in contract price listed 
  for mobilization. 

1.03 CONTRACTOR’S RESPONSIBILITY  

A. Comply with applicable requirements specified in other sections of  
Specifications.  

1. Maintain and operate temporary facilities and systems to assure 
continuous service.  

2. Modify and extend systems as the Work progress requires. 

3. Completely remove temporary materials and equipment when no  
longer required.  

4. Restore existing facilities used for temporary services to specified or 
original condition.  

PART 2  P R O D U C T S - NOT USED  
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PART 3  E X E C U T I O N 

3.01 TEMPORARY UTILITIES 

 A. Obtaining Temporary Service: 
 

 1. Make arrangements with utility service companies for temporary  
 services.  

 2. Abide by rules and regulations of the utility service companies or  
 authorities having jurisdiction.  

 3. Be responsible for utility service costs until Date of Substantial  
 Completion. Included are fuel, power, light, heat, and other utility 
 services necessary for execution, completion, testing, and initial 
 operation of work. 
 

B. Water: 
 

1. Provide water required for and in connection with work to be performed 
 and for specified tests of piping, equipment, devices, or for other use  
 as required for proper completion of the Work.  

 2. Water to be drawn from public fire hydrants. Obtain transit meter from 
 City of Houston, Department of Public Works and Engineering, Taps  
 and Meters Section. Pay required deposit based on rates established 
 by latest ordinance.  

 3. Provide and maintain an adequate supply of potable water for  
 domestic consumption by Contractor personnel, Project Manager and  

  representatives of the City. 
 
C.  Electricity and lighting: 

 
1. Provide electric power service required for the Work including required 

testing, lighting, operation of equipment, and other Contractor use.  

2. Electric power service includes temporary power or generators  
required to maintain plant operations during scheduled shutdowns. 

3. Minimum lighting level shall be 10 foot-candles for open areas;  
20-foot-candles for stairs and shops. Provide a minimum of one 
300-watt lamp for each 200 square feet of work area.  

 D. Temporary Heat and Ventilation: 
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1. Provide temporary heat necessary for protection or completion of the 
Work.  

2. Provide temporary heat and ventilation to assure safe working 
 conditions; maintain enclosed areas at a minimum of 50 degrees F.  

 
E. Telephone: 

1. Provide emergency telephone service at Project site for use by 
Contractor personnel and others performing work or furnishing  
services at the site.  

2. Provide Houston-Metro lines, allowing unlimited calls, without charge 
in Greater Houston Metropolitan area with "call waiting" and "call  
forwarding" options. Provide one telephone answering machine with  
beeperless remote message retrieval capability.  

F. Sanitary Facilities: 

1. Provide and maintain sanitary facilities for persons on the site; comply  
with regulations of State and local departments of health.  

2. Enforce use of sanitary facilities by construction personnel at site.  
Enclose sanitary facilities. Pit-type toilets are not permitted. No  
discharge will be allowed from these facilities. Collect and store  
sewage and waste so as not to cause nuisance or health problems.  
Haul sewage and waste off-site and properly dispose in accordance 
with applicable regulations.  

3. Locate toilets near the Work site and secluded from view insofar as  
possible. Keep toilets clean and supplied throughout the course of the  
Work.  

3.02 STORAGE SHEDS AND BUILDINGS 

A. Provide adequately ventilated, watertight storage facilities with floor above 
ground level for Products susceptible to weather damage.  

B. Storage of Products not susceptible to weather damage may be on blocks off 
the ground.  

C. Store Products in a neat and orderly manner. Place Products to permit easy 
access for identification, inspection and inventory.  

D. Fill and grade site for temporary structures to provide drainage away from  
temporary and existing buildings.  
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3.03 SAFETY REQUIREMENTS  

A. Submit a safety program at the pre-construction meeting and follow the  
  program in accordance with Document 00700 – General Conditions.  Include 

documented response to trench safety requirements of Section 02260 -  
Trench Safety System.  

B. Conduct operations in strict accordance with applicable Federal, State and 
local safety codes and statutes and with good construction practice.  
Establish and maintain procedures for safety of all work, personnel and  
equipment involved in the Work.  

C. Observe and comply with Texas Occupational Safety Act (Art. 5182a, V.C.S.) 
and with all safety and health standards promulgated by Secretary of Labor  
under Section 107 of Contract Work Hours and Standards Act, published in  
29 CFR Part 1926 and adopted by Secretary of Labor as occupational safety  
and health standards under Williams-Steiger Occupational Safety and Health  
Act of 1970, and to other legislation enacted for safety and health of  
Contractor employees. Safety and health standards apply to Subcontractors  
and Suppliers as well as to the Contractor.  

D. Observance of and compliance with safety regulations is Contractor’s  
responsibility without reliance or superintendence of or direction by Project  
Manager. Immediately advise Project Manager of investigation or inspection  
by Federal Safety and Health inspectors of Contractor’s or Subcontractor's  
work or place of work on site under the Contract, and after investigation or  
inspection, advise Project Manager of results. Submit one copy of accident  
reports to Project Manager within 10 days of occurrence.  

E. Protect areas occupied by workmen using the best available devices for  
detection of lethal and combustible gases. Test devices frequently to assure 
functional capability. Constantly observe infiltration of liquids into the Work  
area for visual or odor evidence of contamination, and immediately take  
appropriate steps to seal off entry of contaminated liquids to the Work area.  

F. Implement safety measures, including but not limited to safety personnel, 
first-aid equipment, ventilating equipment and other safety equipment  
specified or detailed on Drawings.  

G. Maintain required coordination with City Police and Fire Departments during 
entire period covered by the Contract.  

H. Include Project safety analysis in safety plan. Itemize major tasks and  
potential safety hazards. Plan to eliminate hazards or protect workers and public 
from each hazard. 
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3.04 FIRST AID EQUIPMENT 

A. Provide a first aid kit throughout the construction period. List telephone  
numbers for physicians, hospitals, and ambulance services in each first aid  
kit.  

B. Have at least one person thoroughly trained in first aid and CPR procedures  
present on the site when work is in progress. Contractor to conform to  
protocols and requirements for training and protection against “blood borne  
pathogens”.  

3.05 FIRE PROTECTION 

A. Conform to specified fire protection and prevention requirements established  
by Federal, State, or local governmental agencies and as provided in Safety  
Program.  

3.06 SECURITY MEASURES 

A. Protect the Work, materials, equipment, and property from loss, theft,  
damage, or vandalism. Protect City property used in performance of the  
Contract.  

B. If existing fencing or barriers are breached or removed for purposes of 
construction, provide and maintain temporary security fencing equal to 
existing.  

3.07 PROTECTION OF UTILITIES AND PIPELINES  

A. Prevent damage to existing public utilities during construction. Approximate  
locations of known utilities are shown on Drawings, but all lines may not be  
shown. Excavate with caution and repair lines damaged by construction  
operations.  

B. Use the Utility Coordinating Committee One Call System, telephone number,  
(713) 223-4567, which must be called 48 hours in advance. The toll free  
telephone number is 1-800-669-8344, Texas One Call System.  

C. Before excavating, locate underground utilities by appropriate means  
including the use of metal detection equipment, and probes, or by excavation 
or surveys. Repair damage caused by investigative work and by failure to  
locate or to preserve underground utilities.  

D. Give utility owners a minimum five days notice before commencing  
excavation to allow time to locate utilities and make adjustments or  
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relocations when they conflict with the Work.  Include cost for temporary 
relocation of water, wastewater, and storm drainage lines, necessary to  
accommodate construction, in unit prices for utility construction unless  
otherwise noted. Bypassing of sanitary waste to storm drainage facilities is  
not allowed.  

E. Prior to excavation near pipelines, request a representative of the pipeline  
company to meet with Contractor and Project Manager at the site to discuss  
procedures to be used. Request pipeline company's representative to locate 
the pipelines in at least three locations: at each side and at centerline of  
proposed excavation of proposed utility. Also request representative and  
Project Manager to be present to observe Contractor operations when  
excavation is conducted within 15 feet of pipeline.  
 

 F. Utility service lines are not shown on the construction document drawings.  Contractor 
  should anticipate that such service lines exit and should exercise extreme caution during 
  construction. The utility service lines should be repaired and restored immediately as per 
  the specification, if damaged due to any construction activities.  No separate payment will 
  be made for this repair and restoration work.  Include payment in unit price for work in 
  appropriate sections. 

 G. Prior to abandonment of utility, make appropriate arrangements with City and owner of 
  utility to terminate service, remove meters, tranformers, and poles as may be required by 
  site conditions. 

3.08 PROTECTION OF THE WORK AND PROPERTY  

A. Preventive Actions 

1. Take necessary precautions and actions to prevent damage, injury, or  
loss to the Work or public and private property, including:  
 
a. Storage of apparatus, supplies, and Products in an orderly, safe 

manner to limit interference with progress of the Work or work  
of other contractors, utility service companies, or the City's  
operations.  

 
b. Suitable storage for Products subject to damage by exposure to  

weather, theft, breakage, etc.  
 
c. Limitation of loading pressures imposed upon portions of the  

Work.  
 
d. Frequent clean up of refuse, scrap materials, and debris from  

construction operations, necessary to maintain the site in a safe  
and orderly condition.  



CITY OF HOUSTON                          TEMPORARY FACILITIES 
STANDARD GENERAL REQUIREMENT AND CONTROLS  
 

 
 01504-7 
 01-01-2011 

 
e. Provision of barricades and guard rails to protect pedestrian  

and traffic around openings, scaffolding, temporary stairs and  
ramps, excavations, elevated walkways, and other hazardous  
areas.  

2. Protect public and private property adjacent to the site. Obtain written  
consent before entering or occupying privately-owned land except on  
easements provided for construction. Restore property damaged by  
construction operations to condition equal to or better than that  
existing before the damage.  

B. Barricades and Warning Systems  

1. Where work is performed on or adjacent to roadways, rights-of-ways, 
 or public land, provide barricades, fences, lights, warning signs, 

danger signals, and other precautionary measures necessary for  
protection of persons or property and for protection of the Work.  
 
a. Erect sufficient barricades to keep vehicles and pedestrians  

from entering the Work. Paint barricades to be visible at night.  
From sunset to sunrise, provide at least one light at each  
barricade.  

 
b. Maintain barricades, signs, lights, and provide watchmen until  

Project Manager approves removal. Whenever work creates  
encroachment onto public roadways, station flagmen to manage 
traffic flow in accordance with approved traffic control plan.  

 
c. Conform to requirements of section 01555 – Traffic Control and  

regulation.  

C. PROTECTION OF EXISTING STRUCTURES  

1. Underground Facilities  
 
a. Known Underground Facilities are shown on the Drawings but  

all Facilities may not be shown. Explore sufficiently ahead of  
trenching and excavation work to locate Underground Facilities  
in order to prevent damage to them and to prevent interruption  
of utility services. Restore damage to Underground Facilities to 
original condition at no additional cost to the City.  

 
b. If necessary to avoid unanticipated Underground Facilities,  

Project Manager may make changes in location of the Work.  
 
c. If permanent relocation of an Underground Facility is required  
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and not provided for in the Contract documents, City Engineer  
will direct Contractor in writing to perform the Work under  
Modification provisions in Document 00700 - General  
Conditions.  

2. Surface Structures include buildings, tanks, walls, bridges, roads,  
dams, channels, open drainage, piping, poles, wires, posts, signs,  
markers, curbs, walks, guard cables, fencing, and other facilities that 
are visible above the ground level.  

3. Protection of Underground Facilities and Surface Structures:  
 
a. Support in place and protect Underground Facilities and  

 Surface Structures located within or adjacent to the limits of the  
 Work from damage. Install supports as required by the owner  

of the structure. Satisfy Project Manager that the owner of the  
facility or structure has approved methods and procedures  
before installing structure supports.  

 
b. Avoid moving or changing public utility or private corporation  

    property without prior written consent of a responsible official of 
    the facility or structure.  Allow representatives of utilities to enter 
 the construction site for maintenance and repair purposes or to  
 make necessary changes.  
  

c. Notify utility and pipeline owners and operators of the nature of  
 construction operations and dates when operations will be  
 performed. When construction operations are required in  
 immediate vicinity of existing structures, pipelines, or utilities,  
 give a minimum of five working days advance notice. Probe  
 and flag location of Underground Facilities prior to  
 commencement of excavation. Keep flags in place until  
 construction operations uncover the facility.  
  

d. Assume risk for damages and expenses to Underground  
 Facilities and Surface Structures within or adjacent to the Work.  

D. Employ a structural engineer to ensure protection measures are adequate for  
the safety and integrity of structures and facilities.  

E. PROTECTION OF INSTALLED PRODUCTS:  

1. Provide protection of Installed Products to prevent damage from  
 subsequent operations. Remove protection facilities when no longer 
 needed, prior to completion of the Work.  
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2. Control traffic to prevent damage to Products and surfaces. 

3. Provide coverings to protect Products from damage. Cover  
 projections, wall corners, jambs, sills, and exposed sides of openings  
 in areas used for traffic and passage of materials in subsequent work.  

3.09 ROADS AND PARKING 

A. Prevent interference with traffic and operations of the City on existing roads. 

B. Designate temporary parking areas to accommodate construction and City 
 personnel. When site space is not adequate, provide additional off-site  
 parking. Locate as approved by Project Manager.  
 
C. Minimize use by construction traffic on existing streets and driveways. 
 
D. Do not allow heavy vehicles or construction equipment in existing parking areas. 

 
3.10 ENVIRONMENTAL CONTROLS 

 
A. Use methods, equipment, and temporary construction necessary for control 
 of environmental conditions at the site and adjacent areas. 
 
B. Comply with statutes, regulations, and ordinances relating to prevention of 
 environmental pollution and preservation of natural resources including  
 National Environmental Policy Act of 1969, PL 91-190, Executive Order  
 11514.  

C. Minimize impact to the surrounding environment. Do not use construction 
 procedures that cause unnecessary excavation and filling of terrain,  
 indiscriminate destruction of vegetation, air or stream pollution, or  
 harassment or destruction of wildlife.  

D. Limit disturbed areas to boundaries established by the Contract. Do not  
pollute on-site streams, sewers, wells, or other water sources.  

E. Do not burn rubbish, debris or waste materials. 

3.11 POLLUTION CONTROL 

A. Provide methods, means, and facilities necessary to prevent contamination of 
soil, water or the atmosphere by discharge of Pollutants from construction  
operations.  

B. Provide equipment and personnel to perform emergency measures to contain  
spillage, and to remove contaminated soils or liquids. Excavate and dispose  
of contaminated earth off-site in accordance with laws and regulations, and  
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replace with suitable compacted fill and topsoil.  

C. Provide systems necessary for control of Pollutants. 

1. Prevent toxic concentrations of chemicals. 

2. Prevent harmful dispersal of Pollutants into the environment.  

D. Use equipment that conforms to current Federal, State, and local laws and 
regulations.  

3.12 PEST AND RODENT CONTROL 

A. Provide rodent and pest control as necessary to prevent infestation of 
construction or storage areas.  

 B. Employ methods and use materials that will not adversely affect conditions at site or 
   on adjoining properties. 

3.13 NOISE CONTROL 

A. Provide vehicles, equipment, and use construction activities that minimize  
noise to the greatest degree practicable. Conform to noise levels of Chapter  
30 –Noise and Sound Level Regulation, City Code of Ordinances, and latest  
OSHA standards. Do not permit noise levels to interfere with the Work or  
create a nuisance to surrounding areas.  

B. Conduct construction operations during daylight hours except as approved by 
Project Manager.  

C. Select construction equipment that operates with minimum noise and vibration. 
When directed by Project Manager, correct objectionable noise or  
vibration produced by operation of equipment at no additional cost to the City.  
Sound Power Level (PWL) of equipment shall not exceed 85 dbA (re: 10-12  
watts) measured five feet from the equipment, or at a lower level if prescribed  
by City Ordinances. Equipment noise requirements are contained in  
equipment specifications.  

3.14 DUST CONTROL 

A. Use water or other methods approved by Project Manager to control amount  
of dust generated by vehicle and equipment operations.  

3.15 WATER RUNOFF AND EROSION CONTROL 
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A. Comply with requirements of section 01410 – TPDES Requirements.  

B. Conduct fill, grading and ditching operations and provide adequate methods  
necessary to control surface water, runoff, subsurface water, and water from 
excavations and structures in order to prevent damage to the Work, the site,  
or adjoining properties.  

1. Plan and execute construction and earthwork by methods that control 
surface drainage from cuts and fills, and from borrow and waste  
disposal areas.  

2. Minimize area of bare soil exposed at one time. 

3. Provide temporary control measures, such as berms, dikes, and drains. 
  
4. Provide, operate, and maintain equipment and facilities of adequate 
 size to control surface water. 

 
 5. Construct fill and waste areas by selective placement of materials to  
 eliminate erosion of surface silts or clays that may erode.  

 6. Direct water away from excavations, pits, tunnels, and other  
 construction areas to prevent erosion, sedimentation or damage.  

 7. Maintain existing drainage patterns adjacent to the site by constructing  
 temporary earth berms, sedimentation basins, retaining areas, and  
 temporary ground cover.  

 8. Dispose of drainage water in a manner to prevent flooding, erosion, or 
 other damage to the site or adjoining areas, in conformance with  
 environmental requirements.  

 9. Inspect earthwork periodically to detect any evidence of erosion. Take  
  corrective measures as required to control erosion.  

 
END OF SECTION 

 



 

 

 

 

 

 

 

 

 

 

THIS PAGE IS INTENTIONALLY LEFT BLANK 







CITY OF HOUSTON 
STANDARD GENERAL REQUIREMENT  TEMPORARY FIELD OFFICE 

 
Section 01520 

 
TEMPORARY FIELD OFFICE 

 
 
 

PART 1  G E N E R A L 
 

1.01  SECTION INCLUDES 
 

A  Temporary field office building and associated parking area. 
 

1.02  FACILITY DESCRIPTION 
 

A  Temporary field office to be utilized by authorized representatives of the City 
to coordinate and monitor daily construction activities performed by 
Contractor. 

 
B. Field office shall be a non-smoking facility. 

 
 
 

PART 2  P R 0 DUCTS 
 

2.01  FIELD OFFICE 
 

A  General: 
 

1. Locate office in vicinity of the Work at a location approved by Project 
Manager or where indicated on Drawings. 

 
2.   Furnish, Install and maintain field office for exclusive use of authorized 

representatives of the City.  Provide sufficient room for Project 
meetings and Inspector's office. 

 
3. Provide office within 10 days of Date of Commencement of the Work. 

 
4.  Construct two all-weather, hard surfaced parking spaces for exclusive 

use of authorized representatives of the City.  Provide all-weather 
surfaced walk between parking spaces and field office. 

 
B. Minimum Construction: 

 
1  Structurally sound foundation and superstructure. 

 
Weather tight with insulated roof, walls and 7-foot ceiling (minimum). 
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3. Stairs or walkway with handrail and covered entrance platform 

(minimum 4 feet by 4 feet) with mud scraper at door. 
 

4. Resilient floor covering. 
 

5. Screened windows with area equal to approximately 10 percent of 
floor area sufficient for light, view of the site, and ventilation.  
Provide each window with operable sash and burglar bars. 

 
6.  Secure exterior doors with dead-bolt cylinder locks and burglar bars. 

        C.  Minimum Services: 

1.  Exterior entrance light. 
 

2. Interior lighting of 75 foot-candles minimum at desktop height 
 

3. Automatic heating to maintain 65 degrees F in winter. 
 

4. Automatic cooling to maintain 75 degrees F in summer. 
 

5. Electric power service. 
 

6. Three telephone service lines one for voice, one for data, and one 
for fax, for exclusive use of authorized representatives of the City. 

 
7. Sanitary facilities in field office with one water closet, one lavatory, 

and one medicine cabinet for exclusive use of authorized 
representatives of the City. 

 
D. Minimum Furnishings: 

 
1.  One 5-drawer desk 

 
2. Two swivel desk chairs with casters. 

 
3. One plan table. 

 
4. One drawing plan rack. 

 
5. One 4-drawer legal file cabinet complete with fifty legal-size 

hanging folders and two full-sized carriers. 
 

6.  One marker board with cleaner and markers. 
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7.  Two waste baskets. 

 
8.  One 30-inch by 36-inch tack board. 

 
9.  One all-purpose fire extinguisher. 

 
10.  Six protective helmets (hard hats) with ratchet adjustment for exclusive 

use of authorized representatives of the City. 
 

11.  Conference table and chairs to accommodate 10 persons. 
 

12.  All in one printer, copier, plain paper fax machine. 
 

13.  Telephone instrument separate from fax machine. 
 

E.  Provide adequate space for one set of Contract documents for ready 
reference. 

 
 
 

PART 3  E X E C U T I 0 N  
 

3.01  MAINTENANCE 
 

A   Maintain all-weather surface driveway and parking areas, buildings, 
walkways, stairs and required furnishings and equipment for duration of the 
Contract. 

 
B.  Provide janitorial services for duration of the Contract consisting of twice 

weekly sweeping and mopping floors, trash removal, weekly restroom 
cleaning, and weekly dusting of furniture and equipment. 

 
C. Provide soap, paper towels, toilet paper, cleansers and other necessary 

consumables. 
 

D.  Immediately repair damage, leaks or defective service. 
 

3.02  PROJECT CLOSEOUT 
 

A  Remove temporary field office and signs and restore site as specified in 
Section 01770 - Closeout Procedures. 

 
 

END OF SECTION 
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East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 TEMPORARY TESTING FLOWS 

SECTION 01535 

TEMPORARY TESTING FLOWS 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. Temporary Testing Flows, as specified herein, shall be the only source of 
water for Hydrostatic Testing, as specified in Division 13 and Field and 
Functional Testing as specified in Sections 01665.  Temporary Testing Flows 
shall also be the source of water for chemical storage tank cleaning and 
rinsing as specified in Section 13210. 

B. Contractor shall obtain temporary testing flows from the following sources: 
 

TABLE 01535-1 
TESTING FLOW SOURCES 

 

Testing Flows For: 

Equipment 
Checkout, Field 

Testing, and 
Functional Testing 

(Section 01665) Acceptance Testing 
Chemical Storage Tanks 
and Chemical Feed 
Equipment 

EWPP Filtered, 
Chlorinated Water 
from Plant 1-2 

Not Applicable 

C. If necessary, furnish all labor, materials, equipment, power, diesel fuel and 
incidentals required to install and operate a temporary pumping facility to 
supply temporary testing flows as specified in Sections 01665. 

D. If pumping units are necessary, Contractor may provide electric or diesel 
powered pumps.  Contractor shall make arrangements for electric power with 
the Power Company serving the site.  If diesel power is used, the Contractor 
shall provide for adequate storage of fuel in accordance with State and Local 
Regulations. 

E. The Contractor shall be responsible for obtaining and complying with federal, 
state, and local permits and approvals to provide, operate, maintain, 
disassemble and remove the temporary pumping facility. 
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TEMPORARY TESTING FLOWS WBS No. S-000056-0071-4  

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for labor, equipment, pumps, piping, 
valves, flow meters and appurtenances necessary to provide temporary 
testing flows specified under this Section.  Include the cost for this work in the 
lump sum Stipulated Price in Section 00410, Part B, Paragraph A. 

B. Contractor shall obtain City-approved flow meters to measure testing flows of 
all EWPP filtered, chlorinated water provided by the City. 

1.03 CITY RESPONSIBILITY 

A. With two weeks prior written notice given by the Contractor to the CM/PM, the 
City will provide, via the EWPP operating staff, access to filtered water from 
Plant 1-2 for testing as summarized in Table 01535-1, and/or as specified in 
Section 01665 and in individual equipment specifications. 

1.04 RELATED WORK 

A. Sequence of Work is included in Section 01114. 

B. Submittals are included in Section 01330. 

C. Temporary Facilities and Controls are included in Section 01504. 

D. Equipment Checkout, Field Testing and Functional Testing requirements are 
included in Section 01665. 

E. Hydrostatic Testing for Bulk Chemical Storage Tanks and Day Tanks is 
included in Division 13.  

F. Hydrostatic Testing for Concrete Structures for Water Tightness is included in 
Section 01750.  

1.05 SUBMITTALS 

A. Submit, in accordance with Section 01330, a proposed Temporary Testing 
Flow Plan for testing required by Section 01665.  If necessary, plan shall 
include number and type of pumps, location of pumps, fuel storage and 
suction and discharge piping. 

B. Review of Temporary Testing Flow Plan will be for method and content only 
and does not relieve Contractor of responsibility to perform work as indicated 
and specified. 
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PART 2: PRODUCTS 

2.01 GENERAL 

A. All temporary products used to perform the Work of this Section shall be 
owned or leased by the Contractor and shall be as required by the Contractor 
to perform the Work. 

PART 3: PART 3: EXECUTION 

3.01 INSTALLATION 

A. If necessary, install pumping equipment and piping in accordance with the 
approved plan. 

3.02 OPERATION 

A. As necessary, furnish all power, diesel fuel, operating labor, maintenance and 
all incidentals to operate the temporary pumping facility. 

B. Operation for Field, Functional and Acceptance Testing shall require written 
authorization from the CM/PM. 

C. Comply with all operating constraints specified in Section 01114. 

3.03 REMOVAL 

A. When the temporary pumping facility is no longer required, remove all 
equipment, piping, electric power feed, fuel tanks, concrete pads (if any) and 
other incidentals.  Restore all areas disturbed by the facilities to the original 
condition or as required by the Work of this Contract. 

 

3.04 ENVIRONMENTAL REQUIREMENTS 

A. Obtaining and complying with applicable environmental permits and 
approvals for providing, operating, and maintaining the temporary pumping 
facility are the responsibility of the Contractor.  Said permits and approvals 
may include, but are not limited to those governing work, in/adjacent to 
wetlands/water bodies; delivery/storage of materials, fuels, and chemicals; 
discharges; utility connections; and emergency power generation. 

 
END OF SECTION 
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SECTION 01560 

SITE SECURITY 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. Contractor shall be responsible for protection of the site, and all Work, 
materials, equipment, and existing facilities hereon, from actions of the 
Contractor, and his employees, including all sub-contractors and suppliers, 
whether engaged in the execution of the Work under this Contract, or 
engaged in any other activity while present on the site. 

 

B. Contractor shall also be responsible for loss protection and protecting all of 
the Contractor’s property, equipment, assets and employees while on the 
work site. 

C. No claim shall be made against Owner by reason of any act of an employee 
or trespasser. 

D. Contractor shall comply with all security measures required by the Owner, 
including access badging requirements, background security checks, vehicle 
searches, and all other security measures, either required in this Section or 
as appropriate on the job site.  Owner reserves the right to permanently 
exclude from the site, at any time, any personnel proposed by the Contractor 
for security reasons, including, but not limited to, failure to comply with City 
security measures. 

E. Contractor shall be solely responsible for all security and loss prevention 
within the Temporary Field Office Area and Work Area throughout the 
duration of the Contract. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for any site security provided by the 
Contractor under this Section.  Include the cost for all site security required 
under this Section in the lump sum base bid item.   

1.03 MANDATORY BACKGROUND CHECKS AND CITY OF HOUSTON BADGING 
REQUIREMENTS 
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A. All Contractor employees and subcontractors must be a U.S. Citizen or have 
a legal work permit. Each person must also present a valid unexpired U.S. 
state driver’s license or photo identification card. A U.S. issued resident alien 
card, with photo, passport, or other U.S. state or U.S. federal photo 
documentation is acceptable to present for identification purposes.  

B. Contractor shall conduct background security checks, to include criminal 
records and driving records, on all employees at time of hiring and 
periodically thereafter and provide copies to PUD Security prior to first day of 
work for each employee.  

C. The City of Houston/PUD Security Group will also conduct a criminal 
background check on all Contractor and subcontractor employees assigned 
to work on the site.  Attachment A to this Section is a copy of the City’s 
“Disclosure and Consent for Release of Information” form which must be 
completed and submitted to the City for each employee of the Contractor and 
its subcontractors before they are granted access to the work site. 

D. Each employee of the Contractor and its subcontractors will be required to 
apply for, and receive, a City of Houston identification card/access badge 
before being granted access to the work site.  Attachment B to this Section is 
a copy of the City’s “Badging/ Access Information Sheet” which must be 
completed and submitted to the City at the time the Contractor or 
subcontractor employee is photographed for the identification card/access 
badge.  The City of Houston photo identification office is located at 611 
Walker Street in Houston, Texas on the 3rd floor of the annex (832-395-5175 
phone 832-395-5187 fax).  The badge office hours are Tuesday and 
Thursday from 8:00 am to 3:00 pm. 

E. Equipment vendors or manufacturer’s representatives who will be required to 
be on-site for more than four (4) consecutive working days, or cumulatively 
more than eight (8) working days will be required to comply with background 
check and badging requirements in Paragraphs C. and D. of this Section. 

F. Identification cards/access badges will only be issued by the City once a 
background check has been completed for the Contractor of subcontractor 
employee, and clearance has been granted by the City.  

G. All construction employees must show a valid identification card upon request 
while working on site. 

H. The Contractor shall provide City of Houston/PUD Security a weekly list of 
current contractor and subcontractor employees.  This list shall be updated 
immediately by the Contractor as changes occur.  

I. Lost cards are disabled and replacement cost is $50.00. 
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East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4  SITE SECURITY 

1.04 CONTRACTOR / SUBCONTRACTOR HARDHAT IDENTIFICATION 

A. Each Contractor employee, including subcontractors, must wear a hard hat 
with proper identification.  Each hardhat shall display a distinctive corporate 
logo to identify the responsible company.   

1.05 VEHICLE IDENTIFICATION/PARKING PASS 

A. The Contractor shall provide the Owner with a list of the following information 
for their vehicles:  year, make, model, color, state, license plate number, 
company that employs the driver, and the driver’s name.  Any changes shall 
be forwarded to the Owner within 24 hours of becoming aware of the need for 
a change. 

B. Contractor personal vehicles may be parked only in the areas designated for 
such parking.  Any vehicle found to be in violation of parking requirements is 
subject to being towed from the site at the risk and expense of the vehicle 
owner. 

C. Contract company-owned and/or leased vehicles entering City of 
Houston/PUD facilities must have company logos displayed on both sides of 
the vehicle. Company logos must be displayed on the body of the vehicle.  

D. Contract personnel utilizing their personal vehicles for company business 
inside a City of Houston/PUD facility must also display company logos. They 
may display their company logo on each side of their rear side windows. If the 
vehicle is a pickup truck the logo may be placed in the back glass. The logo 
must not be smaller than 5” X 8” in size and must be easily read from a 
distance of not less than 100 feet. Logos must remain on the vehicle while 
inside the City of Houston/PUD facility and may not be removed until the 
vehicle exits the gate.  

E. All equipment on rubber tires, such as mobile cranes, backhoes, air 
compressors, welding machines, etc must also display company logos while 
being operated inside a City of Houston/PUD facility.  

F. All deliveries are subject to random inspections by security personnel. 

1.06 DELIVERIES 

A. All Contractor deliveries shall occur only during scheduled Contractor working 
hours, including work time scheduled on Sundays, legal holidays and/or 
outside of the normal working hours specified in the Supplementary 
Conditions.  No unscheduled, after-hour deliveries are permitted without prior 
approval of the Construction Manager.  No deliveries shall be permitted at 
any time that the Contractor is not scheduled to work and on-site. 
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B. The Contractor shall provide a list of all anticipated deliveries to the 
Construction Manager each Monday morning and/or Friday afternoon with 
updates provided each day in the morning if required due to scheduling 
changes. 

1.07 VISITOR ACCESS 

A. The Contractor shall provide a list of all anticipated, un-badged site visitors, 
including drivers license number, to the Construction Manager and the City’s 
Security Contractor each Monday morning and/or Friday afternoon with 
updates provided each day in the morning if required due to scheduling 
changes. 

B. Contractor shall provide the Construction Manager with twenty-four (24) hours 
advance notice of the scheduled arrival of any un-badged visitor, including 
drivers license number, who is requesting access to Work Site Area. 

C. Only un-badged visitors with a material interest in the Work may be granted 
authorized access to the site, at the discretion of the Construction Manager 
and the City’s Security Contractor. 

D. In addition to delivery vehicles described in Paragraph 1.6 above, visitors with 
a material interest in the Work may include manufacturer’s representatives, 
equipment vendors, testing laboratory personnel, and other personnel whom 
the Construction Manager and the City’s Security Contractor determine have 
a material interest in the Work. 

E. No visitor shall be allowed into Work Site without a temporary badge issued 
by the City’s Security Contractor. 

F. Visitors who are expected to be on-site for more than four (4) consecutive 
work days, or eight (8) cumulative work days shall comply with the 
background check and badging requirements listed in Paragraph 1.03 above.  
The Construction Manager and the City’s Security Contractor may require 
repeat visitors who exceed eight (8) cumulative work days on-site to comply 
with background check and badging requirements prior to granting further 
authorization to access Work Site. 

1.08 CONTRACTOR’S WORK SITE SECURITY 

A. The Contractor must store all equipment and materials only in those areas 
designated by the Owner for this purpose.  The Owner is neither responsible 
nor liable for any equipment, materials, or other property of the Contractor. 

B. The Contractor may choose, at his expense, to provide additional security 
elements as desired to adequately protect his assets on the job site. 
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1.09 INTERVIEWING 

A. Contractor shall not conduct any interviews of potential employees on the 
plant site.  All interviews must be conducted off-site. 

1.10 INSPECTIONS AND SUPERVISION 

A. The Construction Manager and/or the City of Houston/PUD Security Section 
will, at their discretion, inspect the security facilities and review operations 
and will report, in writing, to the Contractor the results of such inspections.  
Upon request of the Construction Manager and/or the City of Houston/PUD 
Security Section, the Contractor shall, within two working days of receipt of 
the report, identify, in writing, the corrective actions to be taken to address 
any deficiencies or problems with the work noted in the report.  The corrective 
actions shall be implemented by the Contractor immediately upon direction of 
the Construction Manager. 

1.11 DOCUMENTATION AND REPORTING REQUIREMENTS 

A. The Contractor shall maintain copies of records, including but not limited to, 
each of the following items using forms provided by or approved by the 
Construction Manager. 

B. A regularly maintained and updated list of all authorized Contractor and 
Subcontractor personnel and all Contractor and Subcontractor vehicles 
authorized by the City for use on the site. 

C. A list of all scheduled site visitors and deliveries associated with the 
Contractor’s Work. 

D. A complete record of all reported incidents of injury, fire, or emergency. 

E. A complete record of all reported incidents of theft or vandalism. 

F. A complete record of all infractions of the Project Rules and Regulations. 

1.12 VEHICLES AND/OR MOBILE EQUIPMENT 
 

A. Entry on site for vehicles and mobile equipment and drivers shall be entirely 
at risk of Contractor, Subcontractors and/or individual seeking such entry. 

B. All vehicles and equipment requested to be site permitted shall be duly 
inspected, licensed and covered by insurance as required by the Contract 
Documents, before Contractor and Subcontractors request permission for 
their entry on site. 
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C. Drivers/operators shall be fully and currently licensed and/or certified to drive 
the type of vehicle or to operate the type of equipment brought on-site. 

D. Drivers shall observe and obey all Texas Laws at all times. 

E. The maximum permissible speed on site is 20 MPH, however, speeds much 
lower than this may be the maximum safe speeds and it is the direct 
responsibility of the diver to drive at a safe speed in any area at any given 
time according to the circumstances existing at that time and place. 

F. The movement and parking of vehicles and equipment on site shall be kept to 
the minimum necessary to meet construction requirements. 

G. Vehicles not directly associated with the performance of the Work shall not be 
granted entry to site. 

H. All vehicles and loads shall be subject to search by City security personnel, 
CM, or other authorized personnel at any location on site at any time. 

I. Vehicles may only be driven or parked in construction areas, or access roads 
only when directly engaged in deliveries to that area and subject to 
regulations stated herein.  No vehicle or mobile equipment shall be left 
unattended when in construction areas or access roads or in operating plant 
areas. 

J. No vehicle or equipment shall be parked or placed on any road on site as to 
hinder or prevent clear passage of other vehicles thereof, unless the 
requirements of the Work so necessitate, in which case the prior written 
approval of CM for such hindrance shall have been obtained.  Comply with 
Section 01555. 

K. Movement of heavy mobile equipment on plant paved roads shall be 
performed in a manner which precludes damage to the pavement and related 
structures.  The Contractor shall be wholly responsible for the protection and 
safety of life and property including roadways, structures and other equipment 
while such movement is in progress and shall repair all damage caused 
thereby at no additional cost to the City. 

PART 2: PRODUCTS – NOT USED 

PART 3: EXECUTION – NOT USED 
END OF SECTION 
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ATTACHMENT A 
DISCLOSURE AND CONSENT FOR RELEASE OF INFORMATION 
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Disclosure & Consent for Release of Information 

 
Applicant Instructions: Please read this disclosure and consent form carefully before signing. You will be provided a copy of this form at any time 
upon request. 
 
DISCLOSURE AND CONSENT CONCERNING CONSUMER REPORTS AND CRIMINAL BACKGROUND CHECKS. 
Read carefully. This consent and release has been provided to you for the City of Houston to request a criminal background check, consumer 
report, or investigative consumer reports in connection with your services as a contractor for the City of Houston. 
 
The Applicant acknowledges that the City of Houston may now, or at any time while providing contract services, verify information within the 
application. The verifications and/or checks may include but not limited to: driving record, employment references, personal references, any 
educational and licensing institution and to receive any criminal record information pertaining to me which may be in the files of any Federal, State, 
or Local criminal justice agency in any State of the United States of America. A photocopy or telephonic facsimile (Fax) of this Disclosure and 
Consent authorization for Release of Information shall be valid as the original. The results of this verification process will be used to determine 
eligibility to provide contract services to the City of Houston. All results will be kept CONFIDENTIAL. The information obtained will not be provided 
to any parties other than to designated City of Houston personnel. 
 
CONSENT STATEMENT: 
I have carefully read and understand this disclosure and consent form and by my signature consent to the release of criminal background checks, 
consumer, or investigative consumer reports, as defined above. I further understand this consent will apply during the course of my services as a 
contractor to the City of Houston, and that such consent will remain in effect until revoked in a written document signed by me. In the event that I 
wish to refuse or revoke my consent at any time, I understand that I may do so. I further understand that any and all information contained by the 
City of Houston may be utilized for the purpose of obtaining a criminal background check, consumer reports or investigative consumer reports 
requested by the City of Houston and confirm that all such information is true and correct. 
 
I, the undersigned applicant, do hereby certify that the information provided by me is true and complete to the best of my knowledge. I understand 
that any false statements will be considered as a cause for denied access to any City of Houston property to provide contract services. 
 

Applicant Name: (First, Middle, Last) Current Address: (Street Address) 

(1) Other Name(s) Used: (Like Maiden) City:                                                    State:                             
Zip: 

(2) Other Name(s) Used:  (1) Former Address: 

Driver’s License No.                                            State Issued: City:                                                    State:                             
Zip: 

Date of Birth: (2) Former Address: 

Place of Birth: (City, County, State, & Country) City:                                                    State:                             
Zip: 

CITY OF HOUSTON 
Public Works & Engineering 
Public Utilities Division 
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I authorize the City of Houston and any of its agents/personnel, to disclose orally and in writing the results of this verification process and/or 
interview to authorized representatives. I do hereby agree to forever release and discharge the City of Houston, and personnel to the full extent 
permitted by law from any claims, damages, losses, liabilities, costs and expenses, or any other charge or complaint arising from the retrieving and 
reporting of information.  
 
 

 
              
Signature:          Date: 

 
        
Print Name: 
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ATTACHMENT B 
BADGING/ACCESS INFORMATION SHEET 

 
01560-8 

09-14-2015 
 



 

 

 

 

 

 

 

 

 

 

THIS PAGE IS INTENTIONALLY LEFT BLANK 







CITY OF HOUSTON 
STANDARD GENERAL REQUIREMENT TREE AND PLANT PROTECTION  
 

 
 01562-1 
 01/01/2011 

 Section 01562 
 
 TREE AND PLANT PROTECTION 
 
 
PART 1    G E N E R A L 
 
1.01 SECTION INCLUDES 

A. Tree and plant protection. 

B.       Minimum qualifications of Arborist and Urban Forester. 

1.02 MEASUREMENT AND PAYMENT 

 A. Payment for Tree Protection, including tree pruning or tree removal, shall be paid as a Lump 
Sum basis that shall include all items specified in this section unless payment is specified 
otherwise in this section 

 
 B Payment for Zero Curb Cutback will be on a per linear foot basis. 
 
 C. Payment for Checker Plate will be on a square foot basis. 
 
 D. Refer to Section 01270-Measurement and Payment for unit price procedures. 
 
1.03 SUBMITTALS 
   

A. Conform to requirements of Section 01330 – Submittal Procedures. 
 

B. Submit name and experience of qualified Arborist, proposed for use on the Work, to Project 
Manager. 
 

1.04 PROJECT CONDITIONS 
 
 A. Preserve and protect existing trees and plants to remain from foliage, branch, trunk, or root 

damage that could result from construction operations. 
 
B. Prevent following types of damage: 

 
1. Compaction of root zone by foot or vehicular traffic, or material storage.  

  
 2. Trunk damage from equipment operations, material storage, or from nailing or 

bolting.  
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 3. Trunk and branch damage caused by ropes or guy wires. 
  
 4. Root or soil contamination from spilled solvents, gasoline, paint, lime slurry, and 

other noxious materials. 
  
 5. Branch damage due to improper pruning or trimming. 
  
 6. Damage from lack of water due to: 
 
   a. Cutting or altering natural water migration patterns near root zones. 

 
 b. Failure to provide adequate watering  

 
7. Damage from alteration of soil pH factor caused by depositing lime, 

concrete, plaster, or other base materials near roots zones. 
 
8. Cutting of roots larger than one inch in diameter. 

 
1.05 DAMAGE ASSESSMENT 
 

A. When trees other than those designated for removal are destroyed or damaged as result of 
construction operations, remove and replace with same size, species, and variety up to and 
including 8 inches in trunk diameter. Trees larger than 8 inches in diameter shall be replaced 
with an 8 inch diameter tree of the same species and variety and total contract amount will 
be reduced by an amount determined from the following formula and paid to Tree Fund 
0.7854 x D2 x $13.25 where D is diameter in inches of tree or shrub trunk measured 12 
inches above grade for that portion of the tree which is greater than 8 inches in diameter. A 
permit must be applied for and approved by the City of Houston, Urban Forestry Division 
prior to removal of any tree not scheduled for removal in the tree treatment schedule. 
Contractor shall contact City of Houston, Urban Forestry, at 832-395-8459 to apply for tree 
removal permit when needed.   

 
 
PART  2 P R O D U C T S 
 
2.01 MATERIALS 
 

A. Pruning Paint: Black latex, water based paint, free of all petroleum products. 
 

B. Fertilizer: Fertilizer shall be a root stimulant that contains at a minimum the following 
ingredients: Ectomycorrhizal Fungi, VA Mycorrhizal (VAM) Fungi, Rhizosphere Bacillus 
spp., Kelp Meal Humic Acid, and Soluble Yucca. 
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C. Tree Protection Fencing: Orange, plastic mesh fenching, 4 feet in height with 6 feet high “t” 
bar posts installed 10 feet on centers as per drawings. 

 
D. Plastic Root/Soil Protection: Clear polyethylene sheeting, minimum 6 mil, thickness. 

 
 
PART 3 E X E C U T I O N 
 
3.01 PROTECTION OF EXISTING TREES AND SHRUBS 
 

A.       Site preparation work and/or construction work shall not begin in any area where tree 
preservation measures have not been completed and approved.  

 
B.       Protect exposed roots and root zone areas from contamination from stabilization materials 

and concrete using polyethylene. 
 
C.       Cover exposed roots within 4 hours to reduce damage caused by desiccation. Roots may be 

covered with soil, mulch, polyethylene, or wet burlap to help protect them from drying. 
 
D.       Designate limited areas as concrete washout areas. Locate concrete washout areas away from 

root zones. 
 

E.       Install root pruning trenching where designated in tree treatment schedule and shown on the 
tree protection drawings. Trees scheduled for root pruning are called out specifically in the 
treatment schedule. Trench shall be located 2 ft. from the edge of proposed waterline or 
sanitary sewer for trees called out for root pruning for water or fittings, or sanitary sewer in 
the treatment schedule, 2 ft. from edge of proposed storm sewer pipe for trees called out for 
root pruning for storm in the treatment schedule, 30” back of proposed curb for trees called 
out for root pruning for street, and at edge of sidewalk for trees called out for root pruning 
for sidewalk. Root pruning shall not be performed where there is not adequate space to be 
located sufficiently away from tree to prevent damage. All pruning must be evaluated by 
Contractor’s Certified Arborist and reviewed and approved by City Forester before being 
performed. Trench locations shown on tree preservation plan are drawn to scale and should 
be located in field as drawn on plan. Exact locations shall be approved in the field by 
engineer and/or project urban forester prior to installation. Trenching depth shall be a 
minimum of 2 ft. deep and a maximum of 6 inches wide for water, fittings, sanitary sewer, 
storm, and street. Trenching depth shall be to the anticipated bottom of sidewalk and base 
material for sidewalk root pruning, roots lower than sidewalk shall not be pruned. All roots 
shall be cut by trencher, chainsaw, or handsaw to the specified depth. Roots shall be cut 
cleanly, and or not ripped, torn, or chopped. Trench shall be backfilled and compacted 
immediately after trenching. Trench shall be installed prior to any clearing and grubbing, 
excavation for underground, or any other site work. 
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F. Install tree protection fencing around each tree to be preserved as indicated in the tree 
treatment schedule and on the tree protection plan. 

 
 1. Each tree to be preserved shall be protected with a tree protection fence. The fencing 

shall be continuous between posts, shall be pulled taut prior to securing to posts, and 
shall be firmly attached to the posts with a minimum of 4 wire ties. 

 
 2. All tree protection fencing shall be installed prior to site work or construction 

activity. The fence shall be placed in a continuous alignment as shown on the tree 
protection plan. Fences shown on tree protection plan are drawn to scale and shall be 
installed as drawn, in the field. In general fences shall be placed 30” back of existing 
curb or edge of pavement where root pruning or zero curb cutback is not specified, 
and 6” back of root pruning trench where root pruning is specified and immediately 
back of curb where zero curb cutback is specified. Exact locations shall be approved 
by the project urban forester and/or engineer in the field. The Fences shall be placed 
to protect roots, trunks, and foliage. The contractor shall not remove or relocate tree 
protection fencing and shall not operate within the limits shown without direct 
approval of the project urban forester. In areas where the proposed waterline is 
located in the existing road side ditch and where tree protection fencing can not be 
installed across the ditch, the fencing shall be installed at the top of outside ditch 
bank and no bore pits, peep holes, service taps, or any excavation should occur in the 
area immediately in front of the tree protection fencing for trees called out with 
“bore” in the Tree Treatment Schedule. The “bore” limits shall be the same as the 
limits of the tree protection fencing. 

 
 3. Storage of equipment or materials will not be allowed inside a fence. Entryways and 

access into a protected area shall not be provided unless approved by the project 
urban forester.  

 
 4.  Damage to tree fences occurring during the progress of the work shall be repaired 

immediately at no additional cost to owner. Workmen shall be clearly instructed to 
exercise caution in performance of work near trees being preserved. 

 
  5. Tree protection fencing shall be removed by contractor, at no additional costs, upon 

completion of all construction activity in each work zone area. Tree protection 
fencing materials used in the first two work zone areas shall be removed and utilized 
in subsequent work zone areas. Materials and labor shall be paid for each linear foot 
of fencing installed in first two work areas. All fencing installed in subsequent work 
zone areas shall be paid for labor only. 

 
 G.  Boring/Auguring of water lines or sanitary sewer lines 
 
 1.  Water line or sanitary sewer line shall be bored/augured/ horizontally drilled under 
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critical root zones areas of trees designated with auger or bore in the tree treatment 
schedule. The entire area protected with tree protection fencing shall be bored. No 
bore pits, come through holes, peep holes, push pits, or long or short side service taps 
shall be allowed in the areas protected by tree protection fencing. The tree protection 
plan takes into consideration the limits of augering equipment, there should be room 
for adequately spaced bore pits, peep holes, come through holes, and push pits. Any 
changes to the location of the tree protection fencing shall be authorized by the 
project Urban Forester and City Engineer. 

 
 H.  Hand digging of Service taps and leads 
 

1.       Trees called out for Hand dig short side service tap are located in very close 
proximity to existing short side water meters. Excavating the service tap with 
machinery would significantly impact the tree and be in violation of the City of 
Houston’s Street Tree Ordinance. These short side service taps shall be excavated 
with manual labor to expose any roots 1” in diameter and larger. The first 24” of 
excavation shall be completed manually to expose the roots.  Any root 1”  in 
diameter and larger shall remain undamaged, the roots shall not be cut , nor shall the 
bark and cambium layer be scraped or damaged. Once the roots are exposed, if there 
is adequate room to utilize a mini-excavator without damaging the roots, the mini-
excavator can be utilized to complete the excavation down to the water line. 1” 
plywood shall be placed on grade to provide root protection in the area of access of 
the mini-excavator. If roots 1” diameter or larger are cut or damaged, responsible 
party will be subject to a citation under the  Street Tree Ordinance, and may also be 
required to incur the cost of tree removal and replacement of damaged tree on an 
inch for inch basis, if required by City of Houston Urban Forestry Division.  
 

2.       Trees called out for Hand dig short side or long side service lead are located in very 
close proximity to existing water meters. Excavating the service lead with machinery 
would significantly impact the tree and be in violation of the City of Houston’s Street 
Tree Ordinance. Short side leads shall be excavated with manual labor to expose any 
roots 1” in diameter and larger from the service tap of the meter. Come out hole and 
excavation required for long service leads shall be excavated with manual labor to 
expose roots 1” in diameter and larger, from the come out hole to the meter. In each 
case, all roots 1” in diameter and larger shall remain undamaged, the roots shall not 
be cut, nor shall the bark and cambium layer be scraped or damaged. If roots 1” 
diameter or larger are cut or damaged, responsible party will be subject to a citation 
under the cost of tree removal and replacement of damaged tree on an inch by inch 
basis, if required by City of Houston Urban Forestry Division.  

 
3.       Trees called out for Hand dig sanitary stub up are located in very close proximity to 

proposed service lead. Excavating the service lead with machinery would 
significantly impact the tree and be in violation of the City of Houston’s Street Tree 
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Ordinance. Excavation for sanitary stub up shall be completed with manual labor to 
expose any roots 1” in diameter and larger. The lead shall be bored from face of curb 
to stub up hole when called out in the tree treatment schedule. Come out and stub up 
holes shall be excavated with manual labor to expose roots 1” in diameter and larger. 
In case, all roots 1” in diameter and larger shall remain undamaged, the roots shall 
not be cut, nor shall the bark and cambium layer be scraped or damaged. If roots 1” 
diameter or larger are cut or damaged, responsible party will be subject to a citation 
under the Street Tree Ordinance, and may be required to incur the cost of tree 
removal and replacement of damaged tree on an inch by inch basis, if required by 
City of Houston Urban Forestry Division. 

 
4.       Long side service taps shall not be located in an area specified to be bored in the tree 

treatment schedule. Should it be absolutely necessary to locate a long side service tap 
in an area specified to be bored, the excavation shall be completed as specified in 
paragraph 1 of this section-Hand digging short side service taps. 

5.       All water meters and sanitary service leads called out on P&P drawings and visible in 
the field have been addressed in the Tree Protection Plan. Should any additional 
meters or lead be found during construction, or in any new meters or leads installed 
beneath the canopy of any tree, fenced for tree protection, the excavation shall be 
completed as specified in paragraph 1 and/or 2 of this section and paid for at the unit 
cost for each included in contract.  

 
I.       Pruning of Trees  

 
1.       Trees shall be pruned in accordance with the American National Standard for tree 

pruning, ANSI A300 (Part 1) – 2001 Pruning Revision of ANSI A300-1995 Tree, 
Shrub and Other Woody Plant Maintenance – Standard Practices. Pruning shall be 
completed by professional arborists who has received training in proper pruning 
techniques. 
 

2.       Clearance prune designated trees for public streets, sidewalks, and construction 
areas. Provide minimum 14 feet and maximum of 18 feet of vertical clearance over 
proposed water trunk lines. Provide minimum of 14 feet and maximum of 16 feet of 
vertical clearance over proposed street construction, from 24” back of curb on one 
side to 24” back of curb on the other side. Provide 20’ of vertical clearance over 
proposed storm sewer up to 38” in size, and 30’ of vertical clearance for storm sewer 
larger than 38” in size. Pruning to be installed prior to any construction activity. 
Contractor shall notify property owner prior to trimming or pruning any trees with 
trunks located on private property. Exceptions will be made for trees determined to 
be arboriculturally significant by City of Houston Urban Forestry. Pruning of trees 
identified will be completed with approval and supervision of City of Houston Urban 
Forestry. 
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3.       All cuts should be made sufficiently close to the parent limb or trunk without cutting 
into the branch collar or leaving a protruding stub, so that closure can readily start 
under normal conditions. All lateral cuts shall be made to a lateral that is least 1/3 the 
diameter of the parent limb. Clean cuts shall be made at all times.  

 
4.       Trees shall be pruned in a manner that will not destroy or alter the natural shape and 

character of the tree. Apply black latex paint to all fresh wounds on Oak (Quercus) 
species immediately after each cut is made. 

 
5.       Crown cleaning prune designated trees shall include selective removal of dead, 

diseased, and/or broken limbs. 
 

J.        Tree Removal 
 

1.       Trees scheduled for removal shall be sawed down and debris hauled from the site the 
same day. The stump shall be ground to 6” below grade and excess grindings shall 
be hauled from the site the same day, so that a pile of grindings is not left where the 
stump was ground. Enough grindings should be left so that an open hole does not 
remain. 
 

2.       Only those trees called out for removal in the Tree Treatment Schedule shall be 
removed, or otherwise damaged. Should it be determined that any additional trees 
must be removed, a permit must be applied for and approved from the City of 
Houston Urban Forestry Division prior to removal. Contractor shall contact Urban 
Forestry at 832-395-8459. 

 
K. Root Stimulation 

 
1.       Deep root stimulate designated trees.  Mix fertilizer with wetting agent per label 

instructions. 
 

2.       Stimulate entire root zone area within the dripline of the tree and continue 10 feet 
beyond the dripline, leaving out areas of anticipated root loss (construction areas). 

 
3.       Mixture shall be injected into the top 10 inches of soil under pressure of 150 to 200 

psi as soil conditions warrant. 
 

4.       Mix in a tank with agitation capability per label instructions. Inject the mixture on a 
2.5 ft. square grid at 4 lbs, actual nitrogen per 1,000 sq. ft. 

 
L.        Regularly water trees which have received root damage, to eliminate additional stress caused 

by lack of moisture. Water during periods without adequate rainfall. For example, should 
1.0” of rain not be received within a week period, the trees should be thoroughly watered. 
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March through September, water once every two weeks. October through February, water 
every three weeks. Water thoroughly to saturate the entire root zone area. 

 
M.       Chemically treat tree trunks with evidence of borer activity with the appropriate approved 

insecticide mixed and applied per the manufacturer’s product application recommendations. 
Trees shall be sprayed within 24 hours after observance of borer activity.  

 
N.       Grading and filling around trees. 

 
1.       Maintain existing grade within the dripline of trees, unless otherwise indicated. 

 
2.       Where existing grade around trees is above new finish grade, under supervision of 

project urban forester, carefully hand excavate within the dripline to make transition 
to new finish grade. 

 
3.       Where existing grade is below new finish grade, place clean bank sand in a single 

layer to make the transition to new grade. Do not compact; hand grade to required 
elevation. Specifically to areas where proposed curb is higher than existing and 
backfill will be required. 
 

O.       Demolition, Forming and Pouring Sidewalks (Sidewalk on Grade)  
 

1.       Demolition of existing sidewalks, located in or adjacent to the limits of tree 
protection fencing, shall be completed without disturbing, cutting, or otherwise 
damaging tree roots and soil located beneath them. 
 

2.       The new sidewalk shall be formed at or above the elevation of the existing sidewalk, 
without disturbing, cutting or otherwise damaging tree roots. Every effort has been 
made to address tree root and sidewalk elevation issues with information available in 
the field and on plan and profile sheets. The elevation of every tree root was not 
available, if tree roots are found to be in conflict with proposed sidewalk, project 
engineer and urban forester shall be consulted as to how to install sidewalks with 
minimal impacts to adjacent trees. 

 
3.       Checkerplate shall be installed in areas called out only if tree root elevations prohibit 

construction of ADA compliant sloped concrete sidewalks. Checkerplate shall be 
installed per detail. 

 
P. Zero curb cutback 

 
1.       Disturbance of tree roots or soil behind the existing and/or proposed curb within root 

zones of trees designated for zero curb cutback shall be prohibited. If the curb can 
not be removed without disturbing soil or damaging roots back of curb when using 
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equipment for demolition, the curb shall be broken using a hand held jackhammer 
and removed by hand. 
 

2.       The exposed roots and soil shall be covered immediately after demolition with 6 mil 
polyethylene in order to avoid desiccation, and contamination by the lime used for 
road bed stabilization. The polyethylene shall be placed so that it covers the vertical 
face of soil back of curb and laid back onto the grade 12 inches back of curb. The 
polyethylene should remain in place, across the entire area specified for zero curb 
cutback, from the time the existing curb is demolished until the time when the new 
curb is formed and backfilled. The polyethylene can be pulled up from the vertical 
face while the road bed is being graded or mixed, to avoid catching the plastic with 
machinery, but shall be replaced immediately after equipment has completed. The 
vertical face shall not be exposed for more than 8 hours in any 24 hour period. 

 
3.       There shall be no stabilization back of curb in the zero curb cutback areas, or 

forming with steel forms. The existing grade and roots back of existing curb shall not 
be disturbed. This may require forming of the new street with wooden forms with 
stakes inside forms, which may require leaving the forms in place after the street is 
poured. Should wooden forms be utilized, the wood shall be at minimum a 2x6. The 
new curb may require hand finishing, as a slip curb machine may not have adequate 
clearance without disturbing the roots that are to be protected with the zero curb 
cutback. 

 
4.       Roots extending into the street, or on top of the existing curb, in areas to paved shall 

be cut and removed by hand prior to disturbance or removal with equipment. Roots 
shall be pruned flush with the proposed back of curb. Roots one inch in diameter and 
larger shall be cut in a manner to provide a smooth, clean cut surface. Cuts shall be 
made with the appropriate pruning shears or pruning saws. Roots shall not be 
chopped or broken. 

 
5.       In areas where proposed curb will be may be lower than existing top of curb and tree 

roots 2” diameter or larger are present, the soil and roots shall not be graded or laid 
back. The existing elevation shall be maintained and the curb formed to meet 
elevation or a short elevation difference roots and top of curb maintained. 

 
Q. Demolition, Forming and Pouring of Drive Way Approaches 

 
1. Demolition of existing driveway approaches located beneath the dripline of any tree 

shall be completed without disturbing, cutting, or otherwise damaging tree roots and 
soil located beneath them.  
 

2. The new approach shall be formed at or above the elevation of the existing approach 
where tree roots 2” diameter or larger are present, without disturbing, cutting or 
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otherwise damaging tree roots. Maximum drive slopes may be needed at bottom of 
apron to allow forming of drive over tree roots at top of drive. As with sidewalks, the 
elevation of every tree roots was not available in design. If tree roots are found to be 
in conflict with proposed approach, project engineer and urban forester shall be 
consulted as to how to install drive way with minimal impacts to adjacent trees. 

 
R.   Replacement Trees for Tree Removals under Ordinance 

 
1.       Location, species, and size of replacement trees are indicated on the drawings. 

Contractor shall layout individual trees at locations shown on drawings. Contractor 
shall layout individual trees at locations shown on drawings and be responsible for 
utility locate requirements. In case of conflicts, notify City Engineer and City Urban 
Forestry before proceeding with work. Trees shall be laid out and locations approved 
by City Engineer prior to planting. 
 

2.       Trees shall meet and be planted according to City of Houston Standard Specification 
02915. 

 
S.        Arborist and Urban Forester Qualifications 

 
1.       Arborist – Employ qualified arborist acceptable to City’s Parks and Recreation 

Department to complete all tree treatments. Arborist shall be normally engaged in the 
field and have a minimum of 5 years experience. Qualifications of the selected 
arborist shall be submitted for review and approval by the project engineer and City 
of Houston. 
 

2.       Urban Forester – An Urban forester shall be hired to monitor and assist with field 
layout (exact locations of fencing, root pruning, and zero curb cutback) of the tree 
preservation program during demolition and construction to ensure tree protection 
procedures and techniques are practiced as specified to address concerns and 
conditions which occur in the field. At a minimum, the individual responsible for 
monitoring and field layout of the tree protection shall have a minimum of 5 years of 
experience as a consultant, and shall not be affiliated with a tree care contractor in 
the Houston area. Qualifications of the selected urban forester shall be submitted for 
review and approval by the project engineer and City of Houston Urban Forestry 
Department. 

  
 

END OF SECTION 
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Section 01570  

STORM WATER POLLUTION PREVENTION CONTROL 

PART 1 G E N E R A L 

1.01 SECTION INCLUDES 

A. Implementation of Storm Water Pollution Prevention Plans (SWP3) described  
in Section 01410 – TPDES Requirement.   

B. Installation, maintenance and removal, of storm water pollution prevention            
      structures: diversion dikes, interceptor dikes, diversion swales, interceptor swales,         
      down spout extenders, pipe slope drains, paved flumes and level spreaders.  

Structures are used during construction and prior to final development of the  
site.  

C. Filter Fabric Barriers: 

1. Type 1: Temporary filter fabric barrier for erosion and sediment control 
in non-channelized flow areas.  

2. Type 2: Temporary reinforced filter fabric barrier for erosion and 
sediment control in channelized flow areas.  

D. Hay Bale Fence. 

E. Drop Inlet Basket 

F. Inlet Sediment Traps 

G. Brush Berm 

H. Sand Bag Barrier 

I. Bagged Gravel Barrier 

J. Sediment Basin 

K. Inlet Protection Barrier 

1.02 MEASUREMENT AND PAYMENT  

A. UNIT PRICES 

1. Payment for filter fabric barrier is on a linear foot basis measured 
between limits of beginning and ending of stakes.  



STORM WATER POLLUTION                                                               CITY OF HOUSTON 
PREVENTION CONTROL    STANDARD GENERAL REQUIREMENT 

 

    01570-2 
   01-26-2012 

2. Payment for reinforced filter fabric barrier is on a linear foot basis 
measured between limits of beginning and ending of stakes.  

3. Payment for drop inlet baskets is on a unit price basis for each drop 
inlet basket.  

4. Payment for storm inlet sediment traps is on a unit price basis for each 
storm inlet sediment trap.  

5. Payment for storm water pollution prevention structures is on a lump  
sum basis for the project. Earthen structures with outlet and piping  
include diversion dikes, interceptor dikes, diversion swales,  
interceptor swales, and excavated earth-outlet sediment trap, embankment  
earth-outlet sediment trap, down spout extenders, pipe slope drains,  
paved flumes, stone outlet sediment trap, and level spreaders. 
  

6. Payment for hay bale barrier, if included in Document 00410 - Bid  
Form, is on a linear foot of accepted bale barriers, if not include in cost 
of storm water pollution prevention structures.  
 

7. Payment for brush berm, if included in Document 00410 - Bid Form, is 
on a linear foot of accepted brush berm, if not include in cost of storm 
water pollution prevention structures.  

8. Payment for sandbag barrier, if included in Document 00410 - Bid  
Form, is on a linear foot basis measured between limits of beginning  
and ending of sandbags, if not include in cost of storm water pollution 
prevention structures.  

9. Payment for bagged gravel barrier, if included in Document 00410 - Bid  
Form, is on a linear foot basis measured between limits of beginning  
and ending of bagged gravel barrier, if not include in cost of storm water  
pollution prevention controls.  

 
10. Payment for inlet protection barriers, if included in Document 00410 -  

Bid Form, is on a linear foot basis measured along outside face of inlet  
protection barrier, if not include in cost of storm water pollution  
prevention structures.  

11. Refer to Section 01270 - Measurement and Payment for unit price  
procedures.  

B. Stipulated Price (Lump Sum) Contract. If Contract is Stipulated Price  
Contract, payment for Work in this Section is included in total Stipulated  
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1.03 REFERENCE STANDARDS 
A. ASTM 

 
1. A 36 – Standard Specification for Carbon Structural Steel. 
 
2.  D698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil 

Using Standard Effort (12,400 ft-lbf/ft3 (600kN-m/m3)). 
 
3. D3786 – Standard Test Method for Hydraulic Bursting Strength for knitted Goods 

and Nonwoven Fabrics. 
 
4. D 4355 - Standard Test Method for Deterioration of Geotextiles from  

Exposure to Ultraviolet Light and Water (Xenon-Arc Type Apparatus).  

5. D 4491 - Standard Test Methods for Water Permeability of Geotextiles 
by Permittivity.  

6. D 4632 - Standard Test Method for Grab Breaking Load and 
Elongation of Geotextiles.  

7. D 4833 - Standard Test Method for Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related Products.  

8. D 6382 - Standard Practice for Dynamic Mechanical Analysis and  
Thermogravimetry of Roofing and Waterproofing Membrane Material. 

B. Storm Water Management Handbook for Construction Activities prepared by 
City of Houston, Harris County and Harris County Flood Control District.  

1.04 SYSTEM DESCRIPTIONS 

A. Filter Fabric Barrier Type 1 and Type 2: Install to allow surface or channel 
runoff percolation through fabric in sheet-flow manner and to retain and  
accumulate sediment. Maintain Filter Fabric Barriers to remain in proper  
position and configuration at all times.  

B. Hay Bale Fence: Install to allow surface runoff percolation through hay in 
sheet-flow manner and to retain and accumulate sediment. Maintain Hay  
Bale Fence to remain in proper position and configuration at all times.  

C. Interceptor Dikes and Swales: Construct to direct surface or channel runoff 
around the project area or runoff from project area into sediment traps.  

D. Drop Inlet Baskets: Install to allow runoff percolation through the basket and  
to retain and accumulate sediment. Clean accumulation of sediment to  
prevent clogging and backups.  
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E. Sediment Traps: Construct to pool surface runoff from construction area to  
allow sediment to settle onto the bottom of trap.  

     F.        Sand Bags: Are used during construction activities in unstabilized minor swales,          
 ditches, or streambeds when the contributing drainage area is no greater than 2 acres. 
 It is also sediment barrier for stage one Inlet.  
 

G.         Bagged Gravel Barrier: Are used during construction activities in unstabilized minor 
swales, ditches, or streambeds when the contributing drainage area is no greater than 2 
acres. It is also sediment barrier for stage two Inlet. 

 
     H.        Drop Inlet Insert Basket: Is a temporary barrier placed within a storm drain inlet (Lower 
 Portion of Stage I and Upper Portion of Stage II Inlets) consisting of a filter fabric  
 supported by a metal frame work to prevent sediment and other pollutants from  
 entering convey system. 
 
     I.  Brush Berm: Brush Berm is constructed at the perimeter of a distribute site within the        
 developing area. 

1.05 SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittal Procedures.  

B. Submit manufacturer's literature for product specifications and installation  
instructions.  

C. Submit manufacturer=s catalog sheets and other product data on geotextile or 
filter fabrics, outlet pipe, perforated riser and connectors.  

D. Submit proposed methods, equipment, materials, and sequence of operations 
for storm-water pollution prevention structures.  

E. Submit shop drawings for Drop Inlet Baskets.  

PART 2 P R O D U C T S 

2.01 CONCRETE 

A. Concrete: Class B in accordance with Section 03315 – Concrete for Utility 
Construction or as shown on the Drawings.  

2.02 AGREGATE MATERIALS 

A. Use poorly graded cobbles with diameter greater than 3 inches and less than  
5 inches.  
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B. Provide gravel lining in accordance with Section 2320 – Utility Backfill 
Materials or as shown on the drawings.  

C. Provide clean cobbles and gravel consisting of crushed concrete or stone.  
Use clean, hard crushed concrete or stone free from adherent coatings, salt,  
alkali, dirt, clay, loam, shale, soft or flaky materials, or organic matter.  

D. Sediment Pump Pit Aggregate: Use nominal 2-inch diameter river gravel.  

2.03 PIPE 

A. Polyethylene culvert pipe or PVC sewer pipe in accordance with Section  
02505- High Density Polyethylene (HDPE) Solid and Profile Wall Pipe and  
Section 02506 Polyvinyl Chloride Pipe or as shown on the Drawings.  

B. Inlet Pipes: Galvanized steel pipe in accordance with Section 02642 
Corrugated Metal Pipe or as shown on the Drawings. 
  

C. Standpipe for Sediment Pump Pits: Galvanized round culvert pipe or round  
PVC pipe, minimum of 12-inch and a maximum of 24-inch diameter, perforate 
at 6 to 12 inch centers around circumference.  
 

2.04 GEOTEXTILE FILTER FABRIC  
 
A. Woven or nonwoven geotextile filter fabric made of either polypropylene,  

polyethylene, ethylene, or polyamide material, in continuous rolls of longest 
practical length.  

B. Grab Strength: 100 psi in any principal direction (ASTM D-4632), Mullen  
burst strength >200 psi (ASTM D-3786), and equivalent opening size between 
50 and 140. 
  

C. Furnish ultraviolet inhibitors and stabilizers for minimum 6 months of expected 
usable construction life at temperature range of 0 degrees F to 120 degrees F.  

 
D. Mirafi, Inc., Synthetic Industries, or equivalent  
 

2.05 BARRIER 

A. Wire Barrier: Woven galvanized steel wire, 14 gauge by 6-inch square  
mesh spacing, minimum 24 inch roll or sheet width of longest practical length. 

B. Barrier Stakes: Nominal 2 by 2 inch moisture-resistant treated wood or steel  
posts (min. of 1.25 lbs. per linear foot and Brinell Hardness greater than 140) 
with safety caps on top; length as required for minimum 8 inch bury and full  
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height of filter fabric.  

2.06 SANDBAGS 

A. Provide woven material made of polypropylene, polyethylene, or polyamide 
material.  

1. Minimum unit weight of four ounces per square yard. 

2. Minimum grab strength of 100 lbs in any principal direction (ASTM 
D4632)  
 

3. Mullen burst strength exceeding 300 lbs (ASTM D4833). 
 
4. Ultraviolet stability exceeding 70 percent. After 500 hours of exposure                           

        (ASTM 4355). 
 
5. Size: Length:18 to 24 inches. Width: 12 to 18 inches. Thickness: 6 to 8 

inches. Weight: Approximately 40 to 50 pounds not to exceed 75                          
       pounds.  

 
2.07         Bagged gravel Barrier 
   

1. Minimum unit weight of four ounces per square yard. 

2. Minimum grab strength of 100 lbs in any principal direction (ASTM 
D4632)  
 

3. Mullen burst strength exceeding 300 lbs (ASTM D4833). 
 
4. Ultraviolet stability exceeding 70 percent. After 500 hours of exposure                           

        (ASTM 4355). 
 
5. Size: Length:18 to 24 inches. Width: 12 to 18 inches. Thickness: 6 to 8 

inches. Weight: Approximately 40 to 50 pounds not to exceed 75                          
       pounds.  
   
2.08 DROP INLET BASKET 

A. Provide steel frame members in accordance with ASTM A36.  
 
B. Construct top frame of basket with two short sides of 2 inch by 2 inch and  

single long side of 1 inch by 1 inch, 1/8 inch angle iron. Construct basket  
hangers of 2 inch by 1/4 inch iron bars. Construct bottom frame of 1 inch by 
1/4 inch iron bar or 1/4 inch plate with center 3 inches removed. Use  
minimum 1/4 inch diameter iron rods or equivalent for sides of inlet basket.  
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Weld minimum of 14 rods in place between top frame/basket hanger and  
bottom frame. Exact dimensions for top frame and insert basket will be  
determined based on dimensions of type of inlet being protected.  
 

2.09 HAY BALE 

A. Hay: Standard-baled agricultural hay bound by wire, nylon, or  
polypropylene rope. Do not use jute or cotton binding.  

B. Hay Bale Stakes (applicable where bales are on soil): No. 3 (3/8 diameter) 
reinforcing bars, deformed or smooth at Contractor's option, length as  
required for minimum 18 inch bury and full height bales.  

PART 3 E X E C U T I O N 

3.01 PREPARATION, INSTALLATION AND MAINTEINANCE 

A. Provide erosion and sediment control structures at locations shown on the 
Drawings.  

B. Do not clear, grub or rough cut until erosion and sediment control systems are 
in place unless approved by Project Manger to allow installation of erosion  
and sediment control systems, soil testing and surveying.  

C. Maintain existing erosion and sediment control systems located within project 
site until acceptance of Project or until directed by Project Manger to remove  
and discard existing system.  

D. Regularly inspect and repair or replace damaged components of erosion and  
sediment control structures. Unless otherwise directed, maintain erosion and  
sediment control structure until project area stabilization is accepted. .  
Redress and replace granular fill at outlets as needed to replenish depleted  
granular fill. Remove erosion and sediment control structures promptly when  
directed by Project Manger. Dispose of materials in accordance with Section 
01576 - Waste Material Disposal.  

E. Remove and dispose sediment deposits at the designated spoil site for the 
Project. If a project spoil site is not designated on Drawings, dispose of  
sediment off site at approved location in accordance with Section 01576 -  
Waste Material Disposal.  

F. Unless otherwise shown on the Drawings, compact embankments,  
excavations, and trenches in accordance with Section 02315 Roadway  
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Excavation or Section 2317 Excavation and Backfill for Utilities.  

G. Prohibit equipment and vehicles from maneuvering on areas outside of  
dedicated right of way and easements for construction. Immediately repair 
damage caused by construction traffic to erosion and sediment control  
structures.  

H. Protect existing trees and plants in accordance with Section 1562 – Tree and  
Plant Protection.  

3.02 SEDIMENT TRAPS 

A. Install sediment traps so that surface runoff shall percolate through system in 
sheet flow fashion and allow retention and accumulation of sediment.  

B. Inspect sediment traps after each rainfall, daily during periods of prolonged 
rainfall, and at a minimum once each week. Repair or replace damaged  
sections immediately.  

C. Use fill material for embankment in accordance with Section 02320 – Utility 
Backfill Materials.  

D. Excavation length and height shall be as specified on Drawings. Use side 
slopes of 2:1 or flatter.  

E. Stone outlet sediment traps: 

1. Maintain minimum of 6 inches between top of core material and top of  
stone outlet, minimum of 4 inches between bottom of core material and 
existing ground and minimum of 1 foot between top of stone outlet and  
top of embankment.  

2. Embed cobbles minimum of 4 inches into existing ground for stone 
outlet. Core shall be minimum of 1 foot in height and in width and  
wrapped in triple layer of geotextile filter fabric.  

F. Sediment Basin with Pipe Outlet Construction Methods: Install outlet pipe and 
riser as shown on the Drawings.  
 

G. Remove sediment deposits when design basin volume is reduced by one- 
third or sediment level is one foot below principal spillway crest, whichever is 
less. 
  

3.03 FILTER FABRIC BARRIER CONSTRUCTION METHODS 
 

A. Fence Type 1: Filter Fabric: Barrier 
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1. Install stakes 3 feet on center maximum and firmly embed minimum 8 

inches in soil. If filter fabric is factory preassembled with support  
netting, then maximum support spacing is 8 feet. Install wood stakes  
at a slight angle toward the source of anticipated runoff.  

2. Trench in the toe of the fence lines so the downward face of the 
trenches is flat and perpendicular to direction of flow. V-trench  
configuration as shown on Drawings may also be used.  

3. Lay fabric along edges of trenches in longest practical continuous runs  
to minimize joints. Make joints only at a support post. Splice with  
minimum 6-inch overlap and seal securely.  

4. Staple filter fabric to stakes at maximum 3 inches on center. Extend 
fabric minimum 18 inches and maximum 36 inches above natural  
ground.  

5. Backfill and compact trench.  

B. Barrier Type 2: Reinforced Filter Fabric Barrier 

1. Layout barrier same as for Type 1.  

2. Install stakes at 6 feet on center maximum and at each joint in wire  
fence, firmly embedded 1-foot minimum, and inclined it as for Type 1. 

3. Tie wire fence to stakes with wire at 6 inches on center maximum. 
Overlap joints minimum one bay of mesh.  

4. Install trench same as for Type 1. 

5. Fasten filter fabric wire fence with tie wires at 3 inches on center  
maximum.  

6. Layout fabric same as for Type 1. Fasten to wire fence with wire ties  
at 3 inches on center maximum and, if applicable, to stakes above top 
of wire fence it as for Type 1.  

7. Backfill and compact trench.  

           8. Attach filter fabric to wooden fence stakes spaced a maximum of 6 feet apart  
          or steel fence stakes spaced a maximum of 8 feet apart and embedded a  
          minimum of 12 inches. Install stakes at a slight angle toward source of  
          anticipated runoff.  

      
      9. Trench in toe of filter fabric barrier with spade or mechanical trencher so that 

downward face of trench is flat and perpendicular to direction of flow. A V-trench     
configuration may also be used. Lay filter fabric along edges of trench. Backfill 
and compact trench upon completion of Construction.  
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10. Filter fabric fence shall have a minimum height of 18 inches and a maximum  
 height of 36 inches above natural ground.  
 
11.      Cut length of fence to minimize use of joints. When joints are necessary,  
 splice fabric together only at support post with minimum 6 inch overlap and 
 seal securely.  
 
12. When used in swales, ditches or diversions, elevation of barrier at top of filter fabric at 

flow line location in channel shall be lower than bottom elevation of filter fabric at ends 
of barrier or top of bank, whichever is less, in order to keep storm water discharge in 
channel from overtopping bank. 

 
C. Triangular Filter Fabric Barrier Construction Methods  

1. Attach filter fabric to wire fencing, 18 inches on each side. Provide a  
fabric cover and skirt with continuous wrapping of fabric. Skirt should 
form continuous extension of fabric on upstream side of fence.  

2. Secure triangular fabric filter barrier in place using one of the following  
methods:  
a. Toe-in skirt 6 inches with mechanically compacted material;  
b. Weight down skirt with continuous layer of 3-inch to 5-inch  

graded rock; or  
c. Trench-in entire structure 4 inches.  

3. Anchor triangular fabric filter barrier structure and skirt securely in place  
using 6-inch wire staples on 2-foot centers on both edges and on skirt,  
or staked using 18-inch by 3/8-inch diameter re-bar with tee ends.  

4. Lap fabric filter material by 6 inches to cover segment joints. Fasten 
joints with galvanized shoat rings.  

3.04 DIKE AND SWALE 
 
A. Unless otherwise indicated, maintain minimum dike height of 18 inches,  

measured from cleared ground at up slope toe to top of dike. Maintain side 
slopes of 2:1 or flatter.  

B. Dike and Swale Stabilization: When shown on the Drawings, place gravel  
lining 3 inches thick and compacted into the soil or 6 inches thick if truck  
crossing is expected. Extend gravel lining across bottom and up both sides of 
swale minimum height of 8 inches vertically, above bottom. Gravel lining on  
dike side shall extend up the up slope side of dike a minimum height of 8  
inches, measured vertically from interface of existing or graded ground and  
up slope toe of dike, as shown on Drawings.  
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C. Divert flow from dikes and swales to sediment basins, stabilized outlets, or  
sediment trapping devices of types and at locations shown on Drawings.  
Grade dikes and swales as shown on Drawings, or, if not specified, provide 
positive drainage with maximum grade of 1 percent to outlet or basin.  

D. Clear in accordance with Section 2233 – Clearing and Grubbing Compact 
embankments in accordance with Section 2315 – Roadway Excavation.  

E. Carry out excavation for swale construction so that erosion and water  
pollution is minimal. Minimum depth shall be 1 foot and bottom width shall be 
4 feet, with level swale bottom. Excavation slopes shall be 2:1 or flatter.  
Clear, grub and strip excavation area of vegetation and root material.  

3.05 DOWN SPOUT EXTENDER  

A. Down spout extender shall have slope of approximately 1 percent. Use pipe  
diameter of 4 inches or as shown on the Drawings. Place pipe in accordance  
with Section 2317 - Bedding and Backfill for Utilities.  

3.06 PIPE SLOPE DRAIN  

A. Compact soil around and under drain entrance section to top of embankment  
in lifts appropriately sized for method of compaction utilized.  

B. Inlet pipe shall have slope of 1 percent or greater. Use pipe diameter as 
shown on the Drawings.  

 
C. Top of embankment over inlet pipe and embankments directing water to pipe 

shall be at least 1 foot higher at all points than top of inlet pipe.  
 
D. Pipe shall be secured with hold-down grommets spaced 10 feet on centers. 
 
E. Place riprap apron with a depth equal to pipe diameter with 2:1 side slopes. 

 
3.07 PAVED FLUME 

 
A. Compact soil around and under the entrance section to top of the  

embankment in lifts appropriately sized for method of compaction utilized.  
 
B. Construct subgrade to required elevations. Remove and replace soft sections 

and unsuitable material. Compact subgrade thoroughly and shape to a  
smooth, uniform surface.  

 
C. Construct permanent paved flumes in accordance with Drawings.  
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D. Remove sediment from riprap apron when sediment has accumulated to 
depth of one foot.  

3.08 LEVEL SPREADER 

A. Construct level spreader on undisturbed soil and not on fill. Ensure that  
spreader lip is level for uniform spreading of storm runoff.  

B. Maintain at required depth, grade, and cross section as specified on  
Drawings. Remove sediment deposits as well as projections or other 
irregularities which will impede normal flow.  

3.09 INLET PROTECTION BARRIER 
 

A. Place sandbags for Stage I, Bagged gravel for Stage II and filter fabric barriers at          
 locations shown on the SWP3. Maintain to allow minimal inlet in flow restrictions /          
 blockage during storm event.                                                
 
3.10 DROP INLET BASKET CONSTRUCTION METHODS 
 

A. Fit inlet insert basket into inlet without gaps around insert at locations shown  
on the SWP3.  

B. Support for inlet insert basket shall consist of fabricated metal as shown on 
Drawings.  

C. Push down and form filter fabric to shape of basket. Use sheet of fabric large 
enough to be supported by basket frame when holding sediment and extend  
at least 6 inches past frame. Place inlet grates over basket/frame to serve as 
fabric anchor.  

 
D. Remove sediment deposit after each storm event and whenever  

accumulation exceeds 1-inch depth during weekly inspections.  
 

3.11 HAY BALE FENCE CONSTRUCTION METHODS 
 
A. Place bales in row with ends tightly abutting adjacent bales. Place bales with 

bindings parallel to ground surface.  
 
B. Embed bale in soil a minimum of 4 inches. 
 
C. Securely anchor bales in place with Hay Bale Stakes driven through bales a 

minimum of 18-inches into ground. Angle first stake in each bale toward  
previously laid bale to force bales together.  

D. Fill gaps between bales with straw to prevent water from channeling between 
bales. Wedge carefully in order not to separate bales.  
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E. Replace with new hay bale fence every two months or as required by 
Project Manager.  

3.12 BRUSH BERM CONSTRUCTION METHODS  

A. Construct brush berm along contour lines by hand placing method. Do not 
use machine placement of brush berm.  

B. Use woody brush and branches having diameter less than 2-inches with 6- 
inches overlap. Avoid incorporation of annual weeds and soil into brush  
berm.  

C. Use minimum height of 18-inches measured from top of existing ground at  
upslope toe to top of berm. Top width shall be 24 inches minimum and side 
slopes shall be 2:1 or flatter.  

D. Embed brush berm into soil a minimum of 4-inches and anchor using wire,  
nylon or polypropylene rope across berm with a minimum tension of 50  
pounds. Tie rope securely to 18-inch x 3/8-inch diameter rebar stakes driven  
into ground on 4-foot centers on both sides of berm.  

3.13 STREET AND SIDEWALK CLEANING 

A. Keep areas clean of construction debris and mud carried by construction  
vehicles and equipment. If necessary, install stabilized construction exits at  
construction, staging, storage, and disposal areas, following Section 01575- 
Stabilized Construction Exit.  

B. In lieu of or in addition to stabilized construction exits, shovel or sweep  
pavements as required to keep areas clean. Do not waterhose or sweep  
debris and mud off street into adjacent areas, except, hose sidewalks during  
off-peak hours, after sweeping.  

 
3.14 WASTE COLLECTION AREAS 

 
A. Prevent water runoff from passing through waste collection areas, and  

prevent water runoff from waste collection areas migrating outside collection 
areas.  

 
3.15 EQUIPMENT MAINTENANCE AND REPAIR 

 
A. Confine maintenance and repair of construction machinery and equipment to 

areas specifically designated for that purpose, so fuels, lubricants, solvents,  
and other potential pollutants are not washed directly into receiving streams  
or storm water conveyance systems. Provide these areas with adequate  
waste disposal receptacles for liquid and solid waste. Clean and inspect  
maintenance areas daily.  
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B. Where designated equipment maintenance areas are not feasible, take  
precautions during each individual repair or maintenance operation to prevent 
potential pollutants from washing into streams or conveyance systems.  
Provide temporary waste disposal receptacles.  

3.16 VEHICLE/ EQUIPMENT WASHING AREAS 

A. Install wash area (stabilized with coarse aggregate) adjacent to stabilized  
construction access, as required to prevent mud and dirt run-off. Release  
wash water into drainage swales or inlets protected by erosion and sediment  
controls. Build wash areas following Section 01575- Stabilized Construction  
access. Install gravel or rock base beneath wash areas.  

B. Wash vehicles only at designated wash areas. Do not wash vehicles such as 
concrete delivery trucks or dump trucks and other construction equipment at  
locations where runoff flows directly into waterways or storm water  
conveyance systems.  

C. Locate wash areas to spread out and evaporate or infiltrate wash water  
directly into ground, or collect runoff in temporary holding or seepage basins. 

3.17 WATER RUNOFF AND EROSION CONTROL 

A. Control surface water, runoff, subsurface water, and water from excavations  
and structures to prevent damage to the Work, the site, or adjoining  
properties.  Follow environment requirements. 

B. Control fill, grading and ditching to direct water away from excavations, pits,  
tunnels, and other construction areas, and to direct drainage to proper runoff 
courses to prevent erosion, sedimentation or damage.  

 
C. Provide, operate, and maintain equipment and facilities of adequate size to 

control surface water.  
 
D. Retain existing drainage patterns external to the site by constructing  

temporary earth berms, sedimentation basins, retaining areas, and temporary 
ground cover as required to control conditions.  

 
E. Plan and execute construction and earth work to control surface drainage 

from cuts and fills, and from borrow and waste disposal areas, to prevent  
erosion and sedimentation. 
  
1. Hold area of bare soil exposed at one time to a minimum.  

2. Provide temporary controls such as berms, dikes, and drains. 

 
F. Construct fill and waste areas by selective placement to eliminate surface silts 

or clays which will erode.  
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G. Inspect earthwork periodically to detect start of erosion. Immediately apply  
corrective measures as required to control erosion.  

H.       Dispose of sediments offsite, not in or adjacent to waterways or floodplains, nor  
allow sediments to flush into streams or drainage ways. Assume  
responsibility for offsite disposal location.  

I. Unless otherwise indicated, compact embankments, excavations, and  
trenches by mechanically blading, tamping, and rolling soil in maximum of 8- 
inch layers. Provide compaction density at minimum 90 percent Standard  
Proctor ASTM D-698-78 density. Make at least one test per 500 cubic yards 
of embankment.  
 

J. Prohibit equipment and vehicles from maneuver on areas outside of dedicated rights-
of-way and easements for construction. Immediately repair damage to erosion and 
sedimentation control systems caused by construction traffic.  

 
K. Do not damage existing trees intended to remain.  
 

3.18 REMOVAL OF CONTROLS 
 

A. Remove erosion and sediment controls when the site is finally stabilized or as 
directed by Project Manager.  
 

B. Dispose of sediments and waste products following Section 01505-Temporary Facilities. 
 
 
  

END OF SECTION 
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Section 01575 

STABILIZED CONSTRUCTION ACCESS 

PART 1 G E N E R A L 

1.01 SECTION INCLUDES 

A. Installation and removal of erosion and sediment control for stabilized construction 
access used during construction and prior to final development of site, as shown in City 
of Houston Standard Construction details, DWG No. 01571-01. 

 
1.02 MEASUREMENT AND PAYMENT  

A. Unit Price Contracts. If Contract is Unit Price Contract, payment for work in 
this Section will be based on the following:  

1. Stabilized construction roads, parking areas, access and wash areas: 
per square yard of aggregate/recycled concrete without reinforcing 
placed in 8-inch layers. No separate payment will be made for street cleaning 
necessary to meet TPDES requirements. Include cost of 
work for street cleaning under related Specification section. 
  

B. Stipulated Price (Lump Sum) Contracts. If the Contract is a Stipulated Price 
Contract, include payment for work under this Section in the total Stipulated  
Price.  

1.03 SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittal Procedures. 

B. Submit manufacturer=s catalog sheets and other Product Data on geotextile 
fabric.  

C. Submit sieve analysis of aggregates conforming to requirements of this 
Specification.  

1.04 REFERENCES 

A. ASTM D 4632 - Standard Test Method for Grab Breaking Load and  
Elongation of Geotextiles.  

B. Storm Water Quality Management Handbook For Construction Activities prepared by the 
City of Houston, Harris County and Harris County Flood Control District.  
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PART 2 P R O D U C T S 

2.01 GEOTEXTILE FABRIC 

A. Provide woven or non-woven geotextile fabric made of polypropylene, 
polyethylene, ethylene, or polyamide material.  

B. Geotextile fabric: Minimum grab strength of 200 lbs in any principal direction 
(ASTM D-4632) and equivalent opening size between 50 and 140.  

C. Geotextile and threads: Resistant to chemical attack, mildew, and rot and  
contain ultraviolet ray inhibitors and stabilizers to provide minimum of six  
months of expected usable life at temperature range of 0 to 120 degrees F.  

D. Representative Manufacturers: Mirafi, Inc. or equal. 

2.02 COARSE AGGREGATES 

A. Coarse aggregate: Crushed stone, gravel, crushed blast furnace slag, or  
combination of these materials. Aggregate shall be composed of clean, hard, 
durable materials free from adherent coatings of, salt, alkali, dirt, clay, loam,  
shale, soft or flaky materials, or organic and injurious matter.  

B. Coarse aggregates to consist of open graded rock 2” to 8” in size.  
 
 

PART 3 EXECUTION  
 

3.01 PREPARATION AND INSTALLATION 
 
A.  Provide stabilized construction roads and access at construction, staging, parking, 

storage, 
 and disposal areas to keep street clean of mud carried by construction vehicles and  
 equipment. Construct erosion and sediment controls in accordance with Drawings  
 and Specification requirements.  
 
B. Do not clear grub or rough cut until erosion and sediment control systems are  

in place, unless approved by Project Manager to allow soil testing and  
surveying.  

C. Maintain existing construction site erosion and sediment control systems until 
acceptance of the Work or until removal of existing systems is approved by  
Project Manager.  

D. Regularly inspect, repair or replace components of stabilized construction  
access. Unless otherwise directed, maintain stabilized construction roads and 
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access until the City accepts the Work. Remove stabilized construction roads  
and access promptly when directed by Project Manager. Discard removed  
materials off-site.  

 
E. Remove and dispose of sediment deposits at designated spoil site for Project. 

If a spoil site is not designated on Drawings, dispose of sediment off-site at a  
location not in or adjacent to stream or flood plain. Assume responsibility for  
off-site disposal.  
 

F. Spread compacted and stabilized sediment evenly throughout site. Do not  
 allow sediment to flush into streams or drainage ways. Dispose of  
 contaminated sediment in accordance with existing federal, state, and local  
 rules and regulations.  
 
G. Prohibit equipment and vehicles from maneuvering on areas outside of  
 dedicated rights-of-way and easements for construction. Immediately repair 
 damage to erosion and sediment control systems caused by construction  
 traffic.  
 
H. Conduct construction operations in conformance with erosion control  
 requirements of Specification 01570 – Storm Water Pollution Control. 
 

3.02 CONSTRUCTION MAINTENANCE 
 

A. Provide stabilized access roads, subdivision roads, parking areas, and other  
 on-site vehicle transportation routes where shown on Drawings.  
 
B. Provide stabilized construction access and vehicle washing areas, when approved 
 by Project Manager, of sizes and at locations shown on Drawings or as  
 specified in this Section.  
 
C. Clean tires to remove sediment on vehicles leaving construction areas prior to 
 entering public right-of-ways. Construct wash areas needed to remove sediment.  
 Release wash water into drainage swales or inlets protected by erosion and sediment 

control measures.  
 
D. Details for stabilized construction access are shown on Drawings. Construct  
 other stabilized areas to same requirements. Maintain minimum roadway  
 widths of 14 feet for one-way traffic and 20 feet for two-way traffic and of  
 sufficient width to allow ingress and egress. Place geotextile fabric as a  
 permeable separator to prevent mixing of coarse aggregate with underlaying 
 soil. Limit exposure of geotextile fabric to elements between laydown and  
 cover to a maximum 14 days to minimize potential damage.  
 
E. Grade roads and parking areas to provide sufficient drainage away from  
 stabilized areas. Use sandbags, gravel, boards, or similar materials to  
 prevent sediment from entering public right-of-ways, waterways or 
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 storm water conveyance systems.  
F.  Inspect and maintain stabilized areas daily. Provide periodic top dressing  

with additional coarse aggregates to maintain required depth. Repair and  
clean out damaged control systems used to trap sediment. Immediately  
remove spilled, dropped, washed, or tracked sediment from public right-of- 
ways.  

 
G. Maintain lengths of stabilized areas as shown on Drawings or a minimum of  

50 feet. Maintain a minimum thickness of 8 inches. Maintain minimum widths 
at all points of ingress or egress.  

 
H. Stabilize other areas with the same thickness, and width of coarse aggregate  

required for stabilized construction access, except where shown otherwise on  
Drawings.  

 
I. Stabilized areas may be widened or lengthened to accommodate truck  

washing areas when authorized by Project Manager.  
 
J. Clean street daily before end of workday. When excess sediments have  

tracked onto streets, Project Manager may direct Contractor to clean street as  
often as necessary. Remove and legally dispose of sediments.  

 
K. Use other erosion and sediment control measures to prevent sediment runoff 

during rain periods and non-working hours and when storm discharges are  
expected.  

 
 
END OF SECTION 
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 Section 01578  

CONTROL OF GROUND AND SURFACE WATER 

PART 1  G E N E R A L 

1.01  SECTION INCLUDES 

A. Dewatering, depressurizing, draining, and maintaining trenches, shaft  
excavations, structural excavations and foundation beds in stable condition, 
and controlling ground water conditions for tunnel excavations.  

B. Protecting work against surface runoff and rising floodwaters. 

C. Trapping suspended sediment in the discharge form the surface and ground 
water control systems.  

1.02  MEASUREMENT AND PAYMENT 

A. UNIT PRICES 

 1. When noted, dewatering of trench or excavation during course of project 
shall be measured per linear foot and paid for at contract unit prices for 
dewatering, when directed to perform such work by Project Manager.  
Dewatering must be fully detailed in submittal and submittal must be 
approved prior to performing dewatering work before payment will be made 
for dewatering.  No payment will be made for work unless directed to perform 
work by Project Manager. 

 
 2. Presence of a pump on project does not constitute dewatering for payment 

 under bid item "Ground Water Control for Open Cut Construction."  
 

 3. Dewatering required during course of project to lower water table for other 
utility installation less than 24 inches in diameter, construction of structures, 
removal of standing water, surface drainage seepage, or to protect against 
rising  waters or floods shall be considered incidental to Work unless 
otherwise noted.  

 
 4. No separate payment will be made for groundwater control associated with 

 augering, tunnels or casing.  Include cost in unit price for augering. 
 

 5. Refer to Section 01270 - Measurement and Payment for unit price 
 procedures. 

 
B. Stipulated Price (Lump Sum) Contract. If the Contract is a Stipulated Price  

Contract, include payment for work under this section in the total Stipulated 
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Price.  

1.03  REFERENCES 

A. ASTM D 698 - Standard Test Methods for Laboratory Compaction of Soils  
Using Standard Effort (12,400 ft-lbf/ft3 (600kN-m/m3)  

B. Federal Regulations, 29 CFR Part 1926, Standards-Excavation, Occupational Safety 
and Health Administration (OSHA) 

 
C. Storm Water Management Handbook for Construction Activities prepared by 

City of Houston, Harris County and Harris County Flood Control District.  

1.04  DEFINITIONS 

A. Ground water control system: system used to dewater and depressurize 
water-bearing soil layers.  

1. Dewatering: lowering the water table and intercepting seepage that  
would otherwise emerge from slopes or bottoms of excavations, or into 
tunnels and shafts; and disposing of removed water. Intent of  
dewatering is to increase stability of tunnel excavations and excavated  
slopes, prevent dislocation of material from slopes or bottoms of  
excavations, reduce lateral loads on sheeting and bracing, improve  
excavating and hauling characteristics of excavated material, prevent  
failure or heaving of bottom of excavations, and to provide suitable  
conditions for placement of backfill materials and construction of  
structures and other installations.  

2. Depressurization: includes reduction in piezometric pressure within  
strata not controlled by dewatering alone, necessary to prevent failure  
or heaving of excavation bottom or instability of tunnel excavations.  

B. Excavation drainage: includes keeping excavations free of surface and 
seepage water.  

C. Surface drainage: includes use of temporary drainage ditches and dikes and 
installation of temporary culverts and sump pumps with discharge lines  
necessary to protect Work from any source of surface water.  

D. Monitoring facilities for ground water control system: includes piezometers, 
monitoring wells and flow meters for observing and recording flow rates.  

1.05  PERFORMANCE REQUIREMENTS 

A. Conduct subsurface investigations to identify groundwater conditions and to  
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provide parameters for design, installation, and operation of groundwater  
control systems. Submit proposed method and spacing of readings for review 
prior to obtaining water level readings.  

 
B. Design ground water control system, compatible with requirements of Federal 

Regulations 29 CFR Part 1926 and Section 02260 - Trench Safety Systems,  
to produce following results:  

  
  1. Effectively reduce hydrostatic pressure affecting: 

    
   a. Excavations 
    
   b. Tunnel excavation, face stability or seepage into tunnels  
  
 2. Develop substantially dry and stable subgrade for subsequent 

construction operations  
 
3. Preclude damage to adjacent properties, buildings, structures, utilities, 

installed facilities and other work  
 
4. Prevent loss of fines, seepage, boils, quick condition, or softening of 

foundation strata  

5. Maintain stability of sides and bottom of excavations 

C. Provide ground water control systems that include single-stage or multiple- 
stage well point systems, eductor and ejector-type systems, deep wells, or  
combinations of these equipment types.  

D. Provide drainage of seepage water and surface water, as well as water from  
other sources entering excavation. Excavation drainage may include  
placement of drainage materials, crushed stone and filter fabric, together with  
sump pumping.  

E. Provide ditches, berms, pumps and other methods necessary to divert and 
drain surface water from excavation and other work areas.  

F. Locate ground water control and drainage systems so as not to interfere with  
utilities, construction operations, adjacent properties, or adjacent water wells.  

G. Assume sole responsibility for ground water control systems and for any loss  
or damage resulting from partial or complete failure of protective measures  
and settlement or resultant damage caused by ground water control  
operations. Modify ground water control systems or operations if they cause  
or threaten to cause damage to new construction, existing site improvements, 
adjacent property, adjacent water wells, or potentially contaminated areas.  
Repair damage caused by ground water control systems or resulting from  
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failure of system to protect property as required.  

H.  Install an adequate number of piezometers installed at proper locations and  
depths, necessary to provide meaningful observations of conditions affecting  
excavation, adjacent structures and water wells.  

I. Install environmental monitoring wells at proper locations and depths  
necessary to provide adequate observations of hydrostatic conditions and  

  possible contaminant transport from contamination sources into work area or  
  ground water control system. 

 
1.06  SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittals Procedures. 

B. Submit Ground Water and Surface Water Control Plan for review by Project  
Manager prior to start of excavation work. Include the following:  

1. Results of subsurface investigations and description of extent and  
characteristics of water bearing layers subject to ground water control 

2. Names of equipment Suppliers and installation Subcontractors 

3. Description of proposed ground water control systems indicating  
arrangement, location, depth and capacities of system components, 
installation details and criteria and operation and maintenance  
procedures  

4. Description of proposed monitoring facilities indicating depths and  
locations of piezometers and monitoring wells, monitoring installation 
details and criteria, type of equipment and instrumentation with  
pertinent data and characteristics  

5. Description of proposed filters including types, sizes, capacities and 
manufacturer's application recommendations  

6. Design calculations demonstrating adequacy of proposed systems for 
intended applications. Define potential area of influence of ground  
water control operation near contaminated areas.  

7. Operating requirements, including piezometric control elevations for 
dewatering and depressurization  

8. Excavation drainage methods including typical drainage layers, sump  
pump application and other means  
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9. Surface water control and drainage installations 

10. Proposed methods and locations for disposing of removed water  

C. Submit following records upon completion of initial installation:  

1. Installation and development reports for well points, eductors, and 
deep wells  

  2. Installation reports and baseline readings for piezometers and monitoring wells 
 

3. Baseline analytical test data of water from monitoring wells 

4. Initial flow rates 

D. Submit the following records weekly during control of ground and surface 
water operations:  

1. Records of flow rates and piezometric elevations obtained during  
monitoring of dewatering and depressurization. Refer to Paragraph  
3.02, Requirements for Eductor, Well Points, or Deep Wells.  

2. Maintenance records for ground water control installations, 
piezometers and monitoring wells  

1.07  ENVIRONMENTAL REQUIREMENTS 

A. Comply with requirements of agencies having jurisdiction. 

B. Comply with Texas Commission on Environmental Quality regulations and  
Texas Water Well Drillers Association for development, drilling, and  
abandonment of wells used in dewatering system.  

C. Obtain necessary permits from agencies with jurisdiction over use of  
groundwater and matters affecting well installation, water discharge, and use 
of existing storm drains and natural water sources. Since review and  
permitting process may be lengthy, take early action to obtain required  
approvals.  

D. Monitor ground water discharge for contamination while performing pumping 
in vicinity of potentially contaminated sites.  

PART 2  P R O D U C T S 

2.01  EQUIPMENT AND MATERIALS  
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A. Select equipment and materials necessary to achieve desired results for  
dewatering. Selected equipment and materials are subject to review by  
Project Manager through submittals required in Paragraph 1.06, Submittals. 

B. Use experienced contractors, regularly engaged in ground water control  
system design, installation, and operation, to furnish and install and operate 
educators, well points, or deep wells, when needed 

 
 C. Maintain equipment in good repair and operating condition. 
 

D. Keep sufficient standby equipment and materials available to ensure 
continuous operation, where required.  

E. Portable Sediment Tank System: Standard 55-gallon steel or plastic drums, 
free of hazardous material contamination.  

1. Shop or field fabricate tanks in series with main inlet pipe, inter-tank 
pipes and discharge pipes, using quantities sufficient to collect  
sediments from discharge water.  

PART 3  E X E C U T I O N 

3.01  GROUND WATER CONTROL 

A. Perform necessary subsurface investigation to identify water bearing layers,  
piezometric pressures and soil parameters for design and installation of  
ground water control systems. Perform pump tests, if necessary to determine 
draw down characteristics. Present results in the Ground Water and Surface  
Water Control Plan. submittal  

B. Provide labor, material, equipment, techniques and methods to lower, control  
and handle ground water in manner compatible with construction methods  
and site conditions. Monitor effectiveness of installed system and its effect on 
adjacent property.  

C. Install, operate, and maintain ground water control systems in accordance  
with the Ground Water and Surface Water Control Plan. Notify Project  
Manager in writing of changes made to accommodate field conditions and  
changes to Work. Provide revised drawings and calculations with notification.  

D. Provide continuous system operation, including nights, weekends, and  
holidays. Arrange appropriate backup if electrical power is primary energy  
source for dewatering system.  

E. Monitor operations to verify systems lower ground water piezometric levels at 
rate required to maintain dry excavation resulting in stable subgrade for  
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subsequent construction operations.  

F. Depressurize zones where hydrostatic pressures in confined water bearing  
layers exist below excavations to eliminate risk of uplift or other instability of  
excavation or installed works. Define allowable piezometric elevations in the 

 Ground Water and Surface Water Control Plan.  
 

G. Removal of ground water control installations. 

1. Remove pumping system components and piping when ground water 
control is no longer required.  

2. Remove piezometers, including piezometers installed during design  
phase investigations and left for Contractor’s use, upon completion of 
testing, as required in accordance with Part 3 of applicable  
specification.  

3. Remove monitoring wells when directed by Project Manager. 

4. Grout abandoned well and piezometer holes. Fill piping that is not 
removed with cement-bentonite grout or cement-sand grout.  

H. During backfilling, maintain water level a minimum of 5 feet below prevailing  
 level of backfill. Do not allow the water level to cause uplift pressures in  

excess of 80 percent of downward pressure produced by weight of structure 
or backfill in place. Do not allow water levels to rise into cement-stabilized  
sand until at least 48 hour after placement.  

I. Provide uniform pipe diameter for each pipe drain run constructed for  
dewatering. Remove pipe drains when no longer required. If pipe removal is 
impractical, grout connections at 50-foot intervals and fill pipe with cement- 
bentonite grout or cement-sand grout after removal from service.  

J. The extent of ground water control for structures with permanent perforated  
underground drainage systems may be reduced, for units designed to  
withstand hydrostatic uplift pressure. Provide a means to drain affected  
portions of underground systems, including standby equipment. Maintain  
drainage systems during construction operations.  

K. Remove systems upon completion of construction or when dewatering and  
 control of surface or ground water is no longer required. 

  
L. Compact backfill to not less than 95 percent of maximum dry density in  

accordance with ASTM D 698.  

M. Foundation Slab: Maintain saturation line at least 3 feet below lowest  
elevations where concrete is to be placed. Drain foundations in areas where 
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concrete is to be placed before placing reinforcing steel. Keep free from water for 3 
 days after concrete is placed. 

 
3.02  REQUIREMENTS FOR EDUCTOR, WELL POINTS, OR DEEP WELLS 

A. For aboveground piping in ground water control system, include a 12-inch  
minimum length of clear, transparent piping between each eductor well or well 
point and discharge header to allow visual monitoring of discharge from each  
installation.  

B. Install sufficient piezometers or monitoring wells to show that trench or shaft  
excavations in water bearing materials are pre-drained prior to excavation.  
Provide separate piezometers for monitoring of dewatering and for monitoring 
of depressurization. Install piezometers and monitoring wells for tunneling as  
appropriate for selected method of work.  

C. Install piezometers or monitoring wells at least one week in advance of the 
start of associated excavation.  

D. Dewatering may be omitted for portions of under drains or other excavations, 
where auger borings and piezometers or monitoring wells show that soil is  
pre-drained by existing systems and that ground water control plan criteria  
are satisfied.  

E. Replace installations that produce noticeable amounts of sediments after  
development.  

F. Provide additional ground water control installations, or change method of  
control if, ground water control plan does not provide satisfactory results  
based on performance criteria defined by plan and by specifications. Submit  
revised plan according to Paragraph 1.06B.  

3.03  SEDIMENT TRAPS 

A. Install sediment tank as shown on approved plan. 

B. Inspect daily and clean out tank when one-third of sediment tank is filled with 
sediment.  

3.04  SEDIMENT SUMP PIT 

A. Install sediment sump pits as shown on approved plan. 

 B. Construct standpipe by perforating 12 inch to 24-inch diameter corrugated 
  metal or PVC pipe. 
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 C. Extend standpipe 12 inches to 18 inches above lip of pit. 
 

D. Convey discharge of water pumped from standpipe to sediment trapping 
device.  

E. Fill sites of sump pits, compact to density of surrounding soil and stabilize 
surface when construction is complete.  

3.05  EXCAVATION DRAINAGE 

A. Use excavation drainage methods if well-drained conditions can be achieved. 
Excavation drainage may consist of layers of crushed stone and filter fabric,  
and sump pumping, in combination with sufficient ground water control wells  
to maintain stable excavation and backfill conditions.  

3.06  MAINTENANCE AND OBSERVATION 

A. Conduct daily maintenance and observation of piezometers or monitoring  
wells while ground water control installations or excavation drainage is  
operating at the site, or water is seeping into tunnels, and maintain systems in  
good operating condition.  

B. Replace damaged and destroyed piezometers or monitoring wells with new 
piezometers or wells as necessary to meet observation schedules.  

C. Cut off piezometers or monitoring wells in excavation areas where piping is  
exposed, only as necessary to perform observation as excavation proceeds.  
Continue to maintain and make specified observations  

D. Remove and grout piezometers inside or outside of excavation area when  
ground water control operations are complete. Remove and grout monitoring 
wells when directed by Project Manager.  

3.07  MONITORING AND RECORDING  

A. Monitor and record average flow rate of operation for each deep well, or for  
each wellpoint or eductor header used in dewatering system. Also, monitor  
and record water level and ground water recovery. Record observations daily  
until steady conditions are achieved and twice weekly thereafter.  

B. Observe and record elevation of water level daily as long as ground water  
control system is in operation, and weekly thereafter until Work is completed  
or piezometers or wells are removed, except when Project Manager  
determines more frequent monitoring and recording are required. Comply  
with Project Manager's direction for increased monitoring and recording and  
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 take measures necessary to ensure effective dewatering for intended purpose.  
 

3.08  SURFACE WATER CONTROL 

A. Intercept surface water and divert it away from excavations through use of  
dikes, ditches, curb walls, pipes, sumps or other approved means.  
Requirement includes temporary works required to protect adjoining  
properties from surface drainage caused by construction operations.  

B. Divert surface water and seepage water into sumps and pump it into drainage  
channels or storm drains, when approved by agencies having jurisdiction.  
Provide settling basins when required by agencies. 
 

 
 END OF SECTION 
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Section 01580 

 
PROJECT IDENTIFICATION SIGNS 

 
PART 1 G E N E R A L 

 
1.01 SECTION INCLUDES 

 
A. Project identification sign description. 

B. Project sign installation. 

C. Maintenance and removal of Project sign. 
 

1.02 SYSTEM DESCRIPTION 
 

A. Sign Construction: Construct signs of new materials in accordance with 
Standard Detail provided at the Pre-construction Conference. 

 
B. Appearance: Maintain signs to present a clean and neat look throughout 

contract duration. 
 

C. Sign Manufacturer: Experienced professional sign company. 
 

D. Sign Placement: At locations shown in Drawings unless otherwise specified 
by Project Manager at pre-construction meeting. 

 
1. Provide one sign at each end of a linear Project involving paving, 

overlay, sewer line, storm drainage, or water main construction located 
in rights-of-ways. 

 
2. Provide one sign for site or building construction Contracts 

 
3. Provide one sign at each site for Contracts with multiple sites. 

 
4. Sign Relocation: As work progresses, relocate signs if directed by 

Project Manager in writing. Include cost for one relocation of post- 
mounted signs in Contract Price. Subsequent relocations, if directed 
by Project Manager in writing, will be subject to Change Order. 

 
E. Skid-mounted signs: Use for projects with noncontiguous locations where 

work progresses from one location to another. Design skid structure to 
withstand a 60 mile-per-hour wind load to the face or back of sign using 
stakes, straps, or ballast. Contractor shall be responsible for security of signs 
at each site. 
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1.03 SUBMITTALS 

 
A. Submit Shop Drawings under provisions of Section 01330 - Submittal 

procedures. 
 

B. Show content, layout, lettering style, lettering size, and colors. Make sign and 
lettering to scale, clearly indicating condensed lettering, if used. 

 
 
 
PART 2 P R O D U C T S 

 
2.01 SIGN MATERIALS 

 
A. Structure and Framing: Use new sign materials. 

 
1. Sign Posts: 4-inch by 4-inch pressure treated wood posts, 9 feet long 

for skid mounting and 12 feet long minimum for in-ground mounting. 
 

2. Skid Bracing: 2-inch by 4-inch wood framing material. 
 

3. Skid Members: 2-inch by 6-inch wood framing material. 
 

4. Fasteners: 
a. Galvanized steel. 
b. Attach sign to posts with 1/2-inch by 5-1/2 inch button head 

carriage bolts and secure with nuts and flat head washers. 
c. Cover button heads with white reflective film or paint to match 

sign background. 
d. Use metal brackets and braces and 3/4-inch wood screws to 

attach sign header. 
 

B. Sign and Sign Header: 3/4-inch thick marine plywood. Use 4-foot by 8 -foot 
sheet for the sign and a single piece for the header to minimize joints. Do not 
piece wood sheets to fabricate sign face. 

 
C. Paint and Primers: White industrial grade, fast-drying, oil-based paint with 

gloss finish for structural and framing members, sign, and sign header 
material surfaces. Paint all sign surfaces prior to adding adhesive 
applications. 

 
D. Colors: 

 
1. Sign Background: Reflective white 3M Scotchlite Engineer Grade, 

Pressure Sensitive Sheeting (White), or approved equal. 
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2. Border: For red border around area, which designates project name 

and project amount, use reflective red 3M Scotchlite Engineer Grade, 
Pressure Sensitive Sheeting (Red), or approved equal. 

 
3. Sign Film: 3M Scotchcal Pressure Sensitive Films, or approved equal 

for legends, symbols, lettering, and artwork. Match colors to 3M 
Scotchcal Pressure Sensitive Films. 

 
a. Lettering Below Seal: Black 
b. Lettering Above Project Name: Vivid Blue 
c. Lettering on Blue Background: White 
d. Background Behind Project Name: Vivid Blue 

 
E. City Seal: Project Manager will provide City seals to Contractor, as needed. 

 
2.02 SIGN LAYOUT 

A. Lettering: 

1. Style, Size, and Spacing: Helvetica Regular lettering. 
 

2. Condensed Style: Text may be condensed if needed to maintain sign 
composition. 

 
B. Composition: 

 
1. Lines with Standard Text 

a. Top line shall read “BUILDING TOGETHER FOR THE 
FUTURE”. 

b. Use lower left below City Seal to list names and titles for Mayor, 
Controller and Council Members. Place as shown on Drawings 
with indicated size and spacing. 

c. Center telephone number of the Customer Response Center, 
“311”, near the bottom of the area with the blue background. 

 
2. Lines with Variable Text. Use blue background space for Project name 

and dollar amount. 
a. Project Manager will provide Project name and dollar amount of 

Project for preparation of sign. Center name on one or two 
lines, and dollar amount immediately below Project name, in 
area with blue background. Use condensed lettering if 
necessary. 
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2.03 LAYOUT AND COMPOSITION FOR HEADER 

 
A. City of Houston Seal: 

1. A space of approximately 24 inches in diameter is provided for the City 
seal, the top 6 inches of which extends above the sign on the sign 
header. 

 
2. Construct sign header of same material as sign face. Cut material to 

match curve of the City seal. 
 

3. Project Manager will provide the seal to be affixed to the sign by sign 
maker. 

 
 
 
PART 3 E X E C U T I O N 

 
3.01 INSTALLATION 

 
A. Install Project identification signs within seven days after Date of 

Commencement of the Work. 
 

B. Erect signs at locations shown in Drawings unless otherwise designated by 
Project Manager at pre-construction meeting. Position sign so it is fully visible 
and readable to general public. 

 
C. Erect sign level and plumb. 

 
D. If mounted on posts, sink posts 3 to 4 feet below grade and stabilize posts to 

minimize lateral motion. Leave a minimum of 8 feet of post above existing 
grade for mounting of sign. 

 
E. Erect sign so that top edge of sign is at a nominal 8 feet above existing grade. 

 
3.02 MAINTENANCE AND REMOVAL 

 
A. Keep signs and supports clean. Repair deterioration and damage. 

 
B. Remove signs, framing, supports, and foundations to a depth of at least 2 feet 

upon completion of Project. Restore area to a condition equal to or better 
than before construction. 
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PROJECT No.: 
(FILE NO: ) 

CONTRACT No.: REVIEWED BY: 

 

 

*INSTRUCTIONS TO SIGN MAKER (LIST COMPANY NAME): 

QTY. ACTION ITEMS: 
  

Make new sign(s) 

  

Follow City standards attached 
  

Provide submittal (drawing) to the City for project sign showing content, layout, lettering 
style, lettering size, and colors 

VARIABLE TEXT 
 

Line 1 
 

Project Name:  

 

Line 2 
 

Project Amount (rounded to nearest $1000): 

ATTACHMENTS INCLUDED 

QTY. SEALS / LOGOS 

  

City of Houston - 24" diameter 

 STANDARDS 

  

Standard Specification Section 01580 - Project Identification Signs 
  

Standard Detail 
01580-03 Construction Sign 

(Instructions on reverse.) 
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INSTRUCTIONS 

 
Contractor produces this form. Contractor shall insert the information and provide the form to the sign 
maker with Contractor’s purchase order. 

 
List PROJECT No., (FILE No.), CONTRACT No., and name of City’s Project Manager REVIEWED BY. 

 
INSTRUCTIONS TO SIGN MAKER: 

 
• Give COMPANY NAME of sign maker. 

 
• Indicate QUANTITY of new signs to be made. 

 
• Direction for sign maker to follow City Standards in making signs. 

 
• Require submittals from sign maker, who provides Shop Drawing of Project sign showing content, 

layout, lettering style, lettering size, and colors. 
 

VARIABLE TEXT: 
 

• Give PROJECT NAME. Write it out in all caps and suggest line break. Lines are required. 
 

• Give Project amount to be listed on sign. Round off to nearest $1000. 
 

ATTACHMENTS INCLUDED: 
 

• Seals 
 

City provides the quantity of City seals required one for each Project sign. 
 

• Standards 
 

Contractor provides set of Standards to sign maker, including (Specification Section 01580 - 
Project Identification Signs, and Standard Detail No. 01580-03 - Construction Sign. 
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 Section 01610 
 

 BASIC PRODUCT REQUIREMENTS 

PART 1 G E N E R A L 

1.01 SECTION INCLUDES 

A. Requirements for transportation, delivery, handling, and storage of Products. 

1.02 PRODUCTS 

A. Products: Defined in Document 00700 – General Conditions. Does not  
include machinery and equipment used for preparation, fabrication,  
conveying and erection of the Work. Products may also include existing 
materials or components designated for reuse.  

 B. For material and equipment specifically indicated or specified to be reused in the 
  work: 

1. Use special care in removal, handling, storage and reinstallation, to assure proper
 function in completed work. 

2. Arrange for transportation, storage and handling of products which require off-site 
storage, restoration or renovation.  Include cost in unit price for related items. 

 C. When contract documents require that installation of work comply with manufacturer’s 
printed Instructions, obtain and distribute copies of such instructions to parties involved in 
installation, including two copies to Project Manager.  Maintain one set of complete 
instructions at job site during installation until completion. 

D. Provide Products from the fewest number of manufacturers as practical, in  
order to simplify spare parts inventory and to allow for maximum  
interchangeability of components. For multiple components of the same size, 
type or application, use the same make and model of component throughout  
the Work.  

1.03 TRANSPORTATION  

A. Make arrangements for transportation, delivery, and handling of Products 
required for timely completion of the Work.  

B. Transport and handle Products in accordance with manufacturer’s instructions. 
  
C. Consign and address shipping documents to proper party giving name of the 

Project and its complete street address. Shipments shall be delivered to  
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Contractor.  

1.04 DELIVERY 

A. Arrange deliveries of Products to accommodate short-term site completion  
 schedules and in ample time to facilitate inspection prior to Installation. Avoid 
 deliveries that cause lengthy storage or overburden of limit storage space. 

 
B. Coordinate deliveries to avoid conflict with the Work and conditions at the site 

and to accommodate the following:  

1. Work of other contractors or the City.  

2. Limitations of storage space. 

3. Availability of equipment and personnel for handling Products.  

4. The City's use of premises. 

C. Have Products delivered to the site in manufacturer's original, unopened, 
labeled containers.  

D. Immediately upon delivery, inspect shipment to assure:  

1. Product complies with requirements of the Contract. 

2. Quantities are correct. 

3. Containers and packages are intact; labels are legible. 

4. Products are properly protected and undamaged. 

1.05 PRODUCT HANDLING 

A. Coordinate off-loading of Products delivered to the site. If necessary during 
construction, move and relocate stored Products at no additional cost to the 
City.  

B. Provide equipment and personnel necessary to handle Products, including  
those provided by the City, by methods to prevent damage to Products or  
packaging.  

C. Provide additional protection during handling as necessary to prevent  
breaking, scraping, marring, or otherwise damaging Products or surrounding 
areas.  

D. Handle Products by methods to prevent over-bending or overstressing. 
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E. Lift heavy components only at designated lifting points. 

F. Handle Products in accordance with manufacturer's recommendations. 

G. Do not drop, roll, or skid Products off delivery vehicles. Hand-carry or use  
 Suitable materials handling equipment. 

 
1.06 STORAGAE OF PRODUCTS 
 

A. Store and protect Products in accordance with manufacturer's  
recommendations and requirements of these Specifications.  

B. Make necessary provisions for safe storage of Products. Place Products so  
as to prevent damage to any part of the Work or existing facilities and to  
maintain free access at all times to all parts of the Work and to utility service  
company installations in the vicinity of the Work. Keep Products neatly and  
compactly stored in locations that will cause minimum inconvenience to other  
contractors, public travel, adjoining owners, tenants, and occupants. Arrange 
storage in a manner so as to provide easy access for inspection.  

C. Restrict storage to areas available on the site for storage of Products as  
shown on Drawings or approved by Project Manager.  

D. Provide off-site storage and protection when on-site storage is not adequate.   
Provide addresses of, and access to, off-site storage locations for inspection  
by Project Manager.  

E. Do not use lawns, grass plots, or other private property for storage purposes 
without written permission of owner or other person in possession or control  
of premises.  

F. Protect stored Products against loss or damage. 

G. Store in manufacturers' unopened containers. 

H. Neatly, safely, and compactly stack Products delivered and stored along the  
line of the Work to avoid inconvenience and damage to property owners and 
general public, and maintain at least 3 feet clearance around fire hydrants.  
Keep public, private driveways and street crossings open.  

I. Repair or replace damaged lawns, sidewalks, streets or other improvements  
to satisfaction of Project Manager. Total length that Products may be  
distributed along route of construction at one time is 1000 linear feet, unless  
otherwise approved in writing by Project Manager.  

PART 2 P R O D U C T S - Not Used 



CITY OF HOUSTON 
STANDARD GENERAL REQUIREMENT BASIC PRODUCT REQUIREMENTS  
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PART 3 E X E C U T I O N - Not Used 

END OF SECTION 
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SECTION 01640 

MANUFACTURERS' SERVICES 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. Where specified, provide manufacturer's representatives to perform 
installation assistance, inspections, testing, start-up services and training as 
specified herein. 

B. Manufacturer's services shall include: 
 

1. Assistance during installation to include observation, guidance, instruction 
of Contractor's personnel in assembly, erection, and installation or 
application procedures. 

2. Inspection, checking, and adjustment for equipment to function as 
specified. 

3. Revisiting the site to correct problems until installation and operation meet 
the specified requirements at no additional cost to the City. 

4. Resolution of assembly or installation problems attributable to, or 
associated with, respective manufacturer's products and systems. 

5. Assistance during testing until Substantial Completion. 

6. Training of the Southeast Water Purification Plant's personnel in the 
operation and maintenance of manufacturer's product. 

7. Completion of Manufacturer's Certificate of Physical Checkout and 
Installation in accordance with Section 01665. 

8. Completion of Manufacturer’s Portion of Certificate of Field Testing and 
Certificate of Functional Testing in accordance with Section 01665. 

9. Certification of compliance with manufacturer's long term storage 
conditions and maintenance requirements. 

10. Vendor training in accordance with Section 01735. 
 

 
01640-1 

09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

MANUFACTURERS' SERVICES WBS No. S-000056-0071-4  

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work provided under this section. 
Include the cost for this work in the lump sum Stipulated Price, in Section 
00410, Part B, Paragraph A. 

 

1.03 RELATED WORK 

A. Submittals are included in Section 01330. 

B. Equipment Delivery, Storage and Handling is included in Section 01610. 

C. Equipment Checkout, Field Testing and Functional Testing is included in 
Section 01665. 

D. Vendor Training is included in Section 01735. 

E. Operation and Maintenance Data are included in Section 01782. 

1.04 DEFINITIONS 

A. Person-Day: One person for 8 hours within regular Contractor working hours 
exclusive of travel time. 

1.05 SUBMITTALS 

A. Qualifications of proposed manufacturer's representative(s) and 
manufacturer’s certificate of factory training in accordance with Paragraph 
1.06. 

B. All certificates and forms as specified in Sections 01650, 01665, 01735 and 
01782, as specified herein and in the product specification section. 

1.06 QUALIFICATION OF MANUFACTURERS' REPRESENTATIVE 

A. Provide authorized representatives of the manufacturers, factory trained and 
certified in factory training in the technical applications, installation, operation, 
and maintenance of respective equipment, subsystem, or system.  
Representatives shall be subject to acceptance by Construction 
Manager/Project Manager (CM/PM).  No substitute representatives shall be 
allowed without prior written approval of the CM/PM. 

B. Manufacturers' representatives shall have a minimum of three years 
experience within the last five years in the installation, adjustment, operation, 
testing and start-up of the equipment and systems being installed and shall 
have participated in at least two similar tests during this period of experience. 
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C. The manufacturer's representative(s) that will conduct the detailed classroom 
and onsite hands-on training shall be present at the training coordination 
meeting specified herein to allow the CM/PM to interview the trainer(s), 
review the proposed presentation technique, and training qualifications on a 
specified product. 

D. Manufacturer’s sales and marketing personnel will not be accepted as 
Manufacturer’s Representatives. 

 

1.07 FULFILLMENT OF SPECIFIED MINIMUM SERVICES 
 

A. Provide manufacturer’s assistance time where specified, exclusive of any 
requirements due to retesting, which shall be provided at no additional cost to 
the City. 

B. Schedule manufacturer's onsite services so as not to conflict with other onsite 
testing or other manufacturer's onsite services. 

C. Determine that all conditions necessary for testing and/or certification have 
been met before scheduling manufacturer's services. 

D. The Contractor shall notify the CM/PM and receive approval of 
manufacturer’s representative prior to scheduling manufacturer's services.  
Only those days of services and site visits, approved by CM/PM will be 
credited to fulfill the specified minimum services. 

E. Manufacturer's responsibilities include the following categories of work, 
including Specification Section where details of the work are specified. 

 
Related Specification 

Category of Manufacturer's Work            Section  
 
Complete Technical Data Forms  01610, 01650 

 
Prepare Submittals  01330, 01640 and 

Technical Sections 
 
Conduct Shop Testing  01665 and Technical 

Sections 
 
Prepare Operation and Maintenance Manual  01782 
 
Prepare Training Program and Conduct Training  01735 

 
01640-3 

09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

MANUFACTURERS' SERVICES WBS No. S-000056-0071-4  

 
Related Specification 

Category of Manufacturer's Work            Section  
 

Equipment Physical Checkout and Installation  01665 and Technical 
Sections 

 
Complete Manufacturer's Certificate of Physical 

Checkout and Installation  01665 
 
Field Testing  01665 and Technical 

Sections 
 
Complete Certificate of Field Testing  01665 
 
Functional Testing  01665 
 
Complete Certificate of Functional Testing  01665 
 
Instructor Certification  01735 

 
Instructor and Trainee Manuals  01735 

 
DVD with video of Vendor Training Session  01735 

 
Vendor Training of City Personnel  01735 

PART 2: PRODUCTS – NOT USED 

PART 3: EXECUTION – NOT USED 
 

END OF SECTION 
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SECTION 01650 

EQUIPMENT NOMENCLATURE, DATA IDENTIFICATION AND DATA INPUT 

PART 1: GENERAL 

1.01 DESCRIPTION 

A. Nomenclature labels shall be as indicated or specified in Paragraph 1.06 
below, and as shown on the Drawings.  Nomenclature for facilities, systems, 
equipment and valves shall be used on all correspondence, submittals, and 
nameplates as described below. 

B. Use the nomenclature labels indicated or specified in all transactions, 
including correspondences and submittals.  If a nomenclature label is not 
specified or indicated, notify the CM.  The CM will assign additional 
nomenclature labels, where appropriate.  Contractor will provide non-
specified labels at no additional cost to the City. 

C. Labels for painted piping and painted equipment provided under Section 
09905 are not part of this Section. 

D. Nomenclature and tagging for items provided under Division 13 are part of 
this section and shall be in accordance with the requirements specified in this 
Section. 

Nomenclature and tagging for valves provided under Division 15 are part of 
this section and shall be in accordance with the requirements of this Section. 

E. Nomenclature and tagging for electrical items provided under Division 16 are 
part of this section and shall be in accordance with the requirements of this 
Section. 

F. In addition to the numbering system specified, the City maintains a 
Computerized Maintenance Management System (CMMS) that utilizes an 
Asset Identification and Tagging System nomenclature.  The Asset 
Identification and Tagging System nomenclature is to be used ONLY on 
Technical Data Forms and should NOT appear on any tags specified under 
Paragraph 1.06 

G. Fill out and submit completed Technical Data Forms. 

1.02 MEASUREMENT AND PAYMENT 
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B. Process equipment, pumps, gates, valves and access hatches shall be 
identified as shown on the Drawings and as indicated in individual 
specification sections. 

PART 2: PRODUCTS 

2.01 TAGS 

A. For each item assigned a nomenclature label as specified or indicated, 
provide a tag with the corresponding nomenclature label. 

B. For equipment, provide corrosion resistant, 0.125-in thick plastic tags with 
equipment nomenclature, in white 1/2-in lettering, engraved in black enamel 
background, with a minimum of 1/8-in border around the engraved print, and 
with extra length to provide for fastening device. 

C. Provide materials specified below for attaching tags to equipment: 

1. Provide 1/8-in by 3/8-in, Type 316 stainless steel machine screws. 

2. Provide one-piece self locking nylon tag fasteners for tags that cannot be 
attached with screws. 

a. Provide nylon fasteners to attach tags only on non-moving parts of 
stationary equipment. 

b. Fasteners longer than 8-in are not acceptable. 

c. Provide no more than one fastener per tag. 

3. Provide 5-mil solvent-activated permanent adhesive. 

PART 3: EXECUTION 

3.01 GENERAL 

A. It is essential to the construction, operation, and maintenance of the Project 
that the nomenclature and tagging system is correctly implemented.  
Therefore, all correspondence, requests for information, submittals, 
operations and maintenance data, tags, spare parts and all other items shall 
incorporate the correct nomenclature label.  Replace or repair items not using 
the correct nomenclature label, at no additional cost to the City. 
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3.02 INSTALLATION OF TAGGING 

A. Provide all material, equipment, and labor to install identification systems as 
specified and indicated. 

B. Prepare and clean surfaces on which signs and tags will be mounted prior to 
installation. 

C. Tags 

1. Attach tags to be accessible and readable without disassembly, removal, 
or disruption of operation of any equipment. 

2. Do not install tags in path of operation of moving or moveable equipment. 

3. Tighten nylon tag fasteners such that tags do not hang more than 1-in 
from equipment in accordance with manufacturer’s printed instructions. 

4. Drilling for Machine Screws 

a. For fluid handling equipment including pipes, valves and pumps, and 
electric motors do not drill directly into wall containing the fluid or 
machinery; drill into flanges or support elements for attaching tags. 

D. Install tags as specified with the specified or indicated nomenclature label 
incorporated as the text for these tags. 

3.03 ASSET IDENTIFICATION SYSTEM 

A. The Contractor shall use the Asset Identification System to fill out the 
Technical Data Forms.  This nomenclature is ONLY to be used on the 
Technical Data Forms. 

B. The Contractor shall obtain the most recent version of the Technical Data 
Form from the Construction Manager.  An example Technical Data Form is 
included in Attachment A.  The nomenclature shall be designated as follows: 

1. The Contractor shall assign each piece of equipment, as specified in this 
Section, a unique number in accordance with the Asset Identification and 
Tagging Numbering System.  The nomenclature is an alpha-numeric code 
required for each asset, according to the following structure. 
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2. Code values must be designated on the Technical Data Form for each 
new mechanical or electrical piece of equipment.  The Technical Data 
Form is to be submitted for all new mechanical and electrical equipment 
(including instrumentation) added under this Contract.   

3. The first code is the “Location” code.  The “Location” Code for this project 
will be provided by the City.   

4. The second code value is the “System” code.  The two digit numeric 
“System” code identifies assets by its functional position.  The currently 
established system codes are shown as follows: 

 
System Code System Description 

01 Raw Water (RW) 
02 Bulk Storage and Chemical Feed 

(CHEM) 
03 Flocculation (FLOC) 
04 Sedimentation (SEDIM) 
05 Filtration (FLT) 
06 Distribution (DIST) 
07 Process Waste Treatment (PWT) 
08 Facilities (FAC) 
09 Grounds (GRNDS) 

5. The third code value is the “Position” code.  The “Position” code is an 
alpha-numeric code which combines processes and functions.  The 
currently established position codes are shown in Attachment B. 

6. The fourth code value is “Asset” code.  The four digit “Asset” code is a 
numeric code that describes the asset position or station number.  The 
plant asset identification numbers will be assigned by the City of Houston. 

3.04 TECHNICAL DATA FORMS 

A. Obtain most recent Technical Data Form from CM. 

B. Completely fill out Technical Data Form using the nomenclature specified in 
Paragraph 3.03. 

C. General Form Requirements 

XXXX    XX    XXXX   XXXX 

Location   System  Position    Asset 
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1. Provide completed forms electronically using template provided by CM.  
Template will be a Windows-based program. 

2. Submit hard copy of all electronic files. 

3. Completely check all forms so that the information provided exactly 
matches the data for the equipment supplied. 

D. Use electronic file for the Technical Data Form provided by CM.  Form shall 
be submitted electronically in Microsoft Excel format and hardcopy. 

E. Complete the Technical Data Form as specified. 

3.05 CLOSEOUT PROCEDURES 

A. Provide in accordance with Section 01770. 

B. Compare tags and signs with equipment and areas referenced.  Replace tags 
and signs that do not reference equipment or area to which attached, located, 
or giving direction to, at no additional cost to the City. 
 
Attachment A – Sample Technical Data Forms 
 
Attachment B – Position Code to be used on Technical Data Forms. 

 
END OF SECTION 
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ATTACHMENT A 
SAMPLE TECHNICAL DATA SHEET 
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ATTACHMENT B 
ESTABLISHED CITY OF HOUSTON POSITION CODES 

 
 

Position Code Position Description 
ACB Activated Carbon Transfer Blower 
ACC Hydraulic Accumulator 
ACD Activated Carbon Rotodip 
ACP Activated Carbon Feed Pump 
ACT Activated Carbon Feed Tank 
AFP Alum Feed Pump 
AFT Alum Feed Tank 

AMFP Ammonia Feed Pump 
AMFT Ammonia Feed Tank 
AMST Ammonia Storage Tanke 
AMTP Ammonia Transfer Pump 
ANLZ Analyzer 
AST Alum Storage Tank 
ATP Alum Transfer Pump 

BLDG Building 
BLWR Blower 

BP Belt Press 
BSN Basin 
BWC Backwash Clarifier 
BWP Backwash Pump 
BWT Backwash Tank 
BWW Backwash Waste Pump 

BWWPS Backwash Waste Pump Station 
CAS Chemical Application Station 
CBT Carbon Slurry Batching Tank 

CENT Centrifuge 
CFP Caustic Feed Pump 
CFT Caustic Feed Tank 
CHL Chlorinator 
CLE Cl2 Evaporator 
CLF Clarifier 
CLM Collector Mechanism 
CLS Classifier 
CLW Clearwell 

CMPR Compressor 
CNL Canal 

CONV Conveyor 
CPEQ Computer Equipment 
CRN Crane 
CSS Carbon Storage Silo 
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ATTACHMENT B 
ESTABLISHED CITY OF HOUSTON POSITION CODES cont’d 

 
 

Position Code Position Description 
CST Caustic Storage Tank 
CTP Caustic Transfer Pum 
CYC Cyclone 
ELEV Elevators 
FBAY Forebay 
FBM Flocculator Basin Motor 
FBN Flocculator Basin 

FBNA Flocculator Basin Area 
FEN Fence 
FFP Flouride Feed Pump 
FFT Flouride Feed Tank 
FLT Filter 

FLTA Filter Area 
FST Flouride Acid Tank 
FTP Fluoride Transfer Pump 

GRNDS Grounds 
GST Ground Storage Tank 
HSP High Service Pump 

HSPS High Service Pump Station 
HST Hoist 

HVAC HVAC Equipment 
LCP Local Control Panel 
LFST Lift Station 
LSB Lime Storage Bin 

LSFP Lime Slurry Feed Pump 
LSP Low Service Pump 

LSPA Low Service Pump Area 
LST Lime Slurry Tank 

LVLSYS Level System 
MBP Manual Backup Panel 
MCC MCC/Switchgear 
MCC Motor Control Center 
MR Meter 

MTR Motor 
MXR Mixer 
PBP Polymer Batching Pump 
PFP Polymer Feed Pump 
PIP Piping 
PMP Pump 
PMT Polymer Mixing Tank 
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ATTACHMENT B 
ESTABLISHED CITY OF HOUSTON POSITION CODES cont’d 

 
 

Position Code Position Description 
POB Process Overflow Basin 
PST Polymer Storage Tank 
PTP Polymer Transfer Pump 
RFP Return Flow Pump 
RM Room 
RSP Raw Sludge Pump 

RSPF Return Flow Pump Station 
RST Raw Sludge Thickener 
SBN Settling Basin 

SBNA Settling Basin Area 
SCADA SCADA & Instrumentation 

SCL Scales 
SCR Screen 

SLDGGR Sludge Grinder 
SLS Sewer Lift Station 

SPMPSYS Sump Pump System 
SUBSTN Electrical Substation 
SWPS Surface Wash Pump Station 
SYSAA Systems Area 

TFP Transfer Pump 
TK Tanks 

TPS Transfer Pump Station 
TRF Transformer 
TSP Thickened Sludge Pump 
TWS Traveling Water Screen 
VLV Valve 
WW Wet Well 
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SECTION 01665 

EQUIPMENT CHECKOUT, FIELD TESTING, AND FUNCTIONAL TESTING 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The general testing program for the process equipment portion of the Work 
included in the East Water Purification Plant Chemical Feed Systems 
Improvements is specified in Section 01665 and is summarized as follows: 

1. Checkout and certification of individual equipment installation is specified 
in Section 01665 and in the individual equipment specifications. 

2. Field testing of individual equipment is specified in Section 01665 and in 
the individual equipment specifications. 

3. Hydrostatic testing for chemical bulk storage and day tanks is specified in 
Sections 13201, 13202 and 13210. 

4. Functional Testing of groups of equipment or a unit treatment process is 
specified in Section 01665 and in the individual equipment specifications. 

5. Disinfection processes are specified in Section 02514 and 02519. 

6. A schematic illustrating the process equipment and systems testing 
requirements of Sections 01665 is provided in Appendix A. 

B. Under Section 01665, install, adjust, conduct initial operation and testing of 
the equipment furnished under Divisions 11, 13, 14, and 15, except as noted 
herein. 

C. Equipment Checkout and Testing procedures not included in Section 01665, 
but specified elsewhere include: 

1. Equipment Checkout and Testing procedures for the control system under 
Sections 13300 and 13315 are detailed in Section 13300. 

2. Equipment Checkout and Testing of HVAC work is specified under 
Sections 15040 and 15950. 

3. Equipment Checkout and Testing of Electrical work is specified under 
Division 16. 
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D. Contractor shall provide all coordination with Subcontractors for testing 
specified herein. 

E. Testing of Piping Systems: 

1. Field testing of piping systems shall consist of pressure testing as 
specified in individual piping specification sections and Divisions 2 and 15. 

2. Piping systems shall undergo Functional Testing as a component of the 
individual equipment systems with which they are integrated. 

F. The physical inspection and testing requirements in this Section are in 
addition to those requirements specified in the technical specifications. 

G. Provide the following checkout and testing activities: 

1. Physical Checkout and inspection of equipment and materials to verify 
conformance of the installed equipment and materials as indicated and as 
specified. 

2. Shop Testing of equipment as specified in the Sections of Divisions 2 
through 16 and as specified herein. 

 

3. Field Testing of equipment as specified in the Sections of Divisions 2 
through 16 and as specified herein. 

4. Factory Testing of equipment and systems as specified herein. 

H. Provide a Checkout and Testing Plan covering the entire equipment 
checkout, field testing, hydrostatic testing, functional testing and acceptance 
testing process as specified herein. 

I. Coordination Required: 

1. The Contractor shall provide all power and testing flows required for all 
equipment checkout, field testing, flow rate control testing, and functional 
testing. 

2. Coordinate the Manufacturer's services of equipment suppliers as 
specified in Section 01640, Section 01782, Section 01735 and the related 
Technical Sections. 

3. Coordinate the services of the Applications Engineer Services Supplier 
(AES), provided by the City of Houston. 
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4. Coordinate testing with the Process Control System Integrator (PCSI), as 
specified in Section 13300. 

5. Coordinate the services of the Electrical Subcontractor as specified 
herein.  Specific requirements of the Electrical Subcontractor are specified 
in the individual equipment specification sections in Division 16. 

6. Coordinate work so as not to interfere with the East Water Purification 
Plant’s operational requirements presented in Section 01114. 

7. Coordination shall be in accordance with Testing Coordination Schedule, 
attached as Appendix A-2. 

J. Testing Flows for equipment checkout, hydrostatic tests, equipment field 
tests, and functional testing are specified in Section 01535. 

1. Filtered, chlorinated water shall be used for testing flows specified under 
Section 01665. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A. 

1.03 RELATED WORK 

A. Summary of Work is included in Section 01110. 

B. Construction Sequence is included in Section 01114. 

C. Program Schedule requirements are included in Section 01325. 

D. Temporary Testing Flows are included in Section 01535. 

E. Services of Manufacturer's Representatives are included in Section 01640. 

F. Equipment Nomenclature, Data Identification and Data Input are included in 
Section 01650. 

G. Vendor Training is included in Section 01735. 

H. Closeout Procedures are included in Section 01770. 

I. Operation and Maintenance Data is included in Section 01782. 

J. Disinfection of Water Lines is included in Section 02514. 
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K. Disinfection of Potable Water Facilities is included in Section 02519. 

L. Instrumentation and Control Work is included in Division 13. 

M. HVAC Work is included in Section 15950. 

N. Electrical Work is included in Division 16. 

1.04 DEFINITIONS 

A. Application Engineering Services Supplier (AES) shall be provided by the City 
of Houston, and is responsible for coordinating instrument and control 
components furnished by the City and for providing programming and 
configuration for the control and monitoring functions specified in Division 13. 

B. Checkout and Testing Plan, as specified in Section 01665 shall be prepared 
by the Contractor and shall detail the testing procedures and schedule for all 
shop, factory, field, and functional testing required in Sections 01665, and in 
Divisions 13, 15 and Division 16. 

C. Construction Manager (CM) is the firm hired by the City of Houston to 
oversee and coordinate all work performed by the Contractor under this 
Contract.  The terms Construction Manager and Project Manager are used 
interchangeably throughout the technical specifications, and are often 
abbreviated as CM/PM. 

D. Design Engineer (DE) is the firm of HDR, Inc. who prepared the design of the 
EWPP Chemical Feed Systems Improvements for Plant  1-2. 

E. Field Testing is defined as testing that is performed by the Contractor and/or 
Subcontractors, with Supplier assistance, on Products after they have been 
installed in the Work, and after the completion of physical checkout, for the 
purpose of proving that the tested Products meet the requirements of the 
pertinent technical specifications.  Field Testing, exclusive of Instrumentation 
Field Testing, shall be conducted at the equipment Field/Maintenance Control 
Panel.  The administrative requirements for Field Testing are specified in this 
Section and Section 01640.  The minimum acceptable test criteria are 
specified in this Section, while additional technical requirements are specified 
in PART 3 of the pertinent Technical Specification(s). 
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F. Functional Testing is defined as testing performed by the Contractor on a 
“system” normally comprised of two or more pieces of equipment, valving and 
controls, after the equipment has been installed in the Work, and after 
Physical Checkout and Field Testing has been completed in accordance with 
the specified requirements.  Through Functional Testing, the Contractor shall 
prove that the system operation meets requirements as specified and as 
indicated in the manual and automatic control mode from the local control 
panel.  This includes demonstrating "system" response to remote input 
stimulus if required in normal plant operations.  Functional Testing shall be 
conducted at the Local Control Panel Level with the PLCs fully programmed.  
The administrative and technical requirements for Functional Testing are 
specified in this Section and in Section 01640.  The Contractor shall provide 
Testing Flows. 

G. Manufacturer's Representative, also referred to in the technical specifications 
as a Factory-Trained Service Engineer, is defined as a person, or persons 
provided by the Manufacturer or Supplier, who is qualified by having the 
training and experience, to provide technical and/or process related 
assistance, relating to the installation or utilization of the Products provided by 
that same Supplier, for installation and utilization in the Work, as specified in 
Section 01640. 

H. Operation and Maintenance Data, as specified in Section 01782, shall be 
prepared by the Contractor identifying an overview of equipment/system 
operation and maintenance.  Operation and Maintenance Data will be 
submitted prior to, or with, delivery of equipment. 

I. Operational Readiness Test (ORT) is as defined in Section 13300. 

J. Physical Checkout is defined as the process of physically inspecting Products 
after they have been installed in the Work to determine if the Products have 
been installed as specified and as indicated, and are ready for Field and/or 
Functional Testing.  Physical Checkout shall be conducted at the equipment 
Field/Maintenance Control Panel.  The administrative requirements for 
Physical Checkout are specified in this Section and in Section 01640, while 
the technical requirements are specified in the pertinent Technical 
Specification(s). 

K. Pre-installation Meeting is a meeting of the CM/PM, Contractor and 
Manufacturer’s Representative to be scheduled prior to installation of process 
equipment to review installation schedule and coordination with other 
activities.  Pre-installation meetings, if required, are included in PART 1 of the 
Technical Specifications. 
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L. Pre-submittal Meeting is a specified meeting of the CM/PM, Contractor and 
Manufacturer's Representative to be scheduled prior to shop drawing 
submittal of process equipment to review submittal requirements and review 
equipment to be submitted.  Pre-submittal meetings, if required, are included 
in PART 1 of the Technical Specifications for individual equipment. 

M. Process Control System Supplier (PCSI) is the integrator of local control 
panels, operator interface devices, and accessories and appurtenances 
provided under Division 13. 

N. Shop Testing is defined as testing that is done by the Supplier either at a 
place selected by the manufacturer, the place of manufacture, the place of 
assembly, or at another location where the testing apparatus required to meet 
the specifications is located.  The administrative procedures for Shop Testing 
are specified in this Section.  The minimum acceptable test criteria are 
specified in this Section, while additional technical requirements are specified 
in PART 2 of the pertinent Technical Specification(s). 

O. Testing and Checkout Coordinator is defined as the person provided by the 
Contractor to coordinate and oversee all testing and inspection activities 
required by the contract documents. 

P. Testing Flows are water flows required to complete Field Testing and 
Functional Testing as specified in Section 01665.  The Contractor shall be 
responsible for providing and disposal of Testing Flows, in accordance with 
the requirements of Sections 01535 and 01665. 

Q. Training Manuals, including Instructor Manual and Trainee Manual as 
specified in Section 01735.  The Instructor Manual defines the concepts and 
information to be taught to each target audience.  The Trainee Manual 
provides an organized package of information for use by trainees during 
training. 

R. Testing and Checkout Plan shall be prepared by the Testing and Checkout 
Coordinator, and shall define the testing requirements, testing responsibilities, 
forms, supplies and consumables and schedules. 

S. Unwitnessed Factory Tests (UFT), System Integration Test (SIT) and 
witnessed Factory Tests (WFT) are conducted at the factory and are defined 
in Section 13300. 

1.05 SUBMITTALS 

A. Submit, in accordance with Section 01330, the Checkout and Testing Plan, 
which details testing procedures for shop tests, factory tests, field tests, 
functional tests and acceptance tests as specified herein, and in the various 
equipment technical sections. 
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1. Submit fifteen copies of Preliminary Checkout and Testing Plan at least 90 
days in advance of the proposed test dates. 

2. The Preliminary Checkout and Testing Plan shall be reviewed by the 
CM/PM, revised by the Contractor.  Submit fifteen copies of revised 
Checkout and Testing Plan within 30 days in advance of the proposed test 
dates. 

3. The Checkout and Testing Plan will be approved by the CM/PM after all 
the specified requirements are met.  The Contractor shall continue to 
update the approved Checkout and Testing Plan, working in conjunction 
with the CM/PM prior to the start of the scheduled equipment checkout 
and functional testing activities as specified herein.  Each specific element 
of the Checkout and Testing Plan must receive written approval by the 
CM/PM at least four weeks prior to the actual commencement of testing 
as defined herein. 

B. Copies of test reports upon completion of specified shop, performance and 
acceptance tests.  Test reports shall incorporate the information provided in 
the test procedures submittals, modified to reflect actual conduct of the tests 
and the following additional information: 

1. Copy of all test data sheets and results of lab analyses. 

2. Summary comparison of specified test and performance requirements vs 
actual test results. 

3. Should actual test results fail to meet specified test and performance 
requirements, describe action to be taken prior to re-testing equipment. 

C. Copies of the manufacturer's field service technician's report summarizing the 
results of the initial inspection, operation, adjustment and pre-tests.  The 
report shall include detailed descriptions and tabulations of the points 
inspected, tests and adjustments made, quantitative results obtained, 
suggestions for precautions to be taken to ensure proper maintenance, and 
the equipment manufacturer's Certificate of Physical Checkout and 
Installation in the format appended to this Section. 

D. Testing Flows and Process Flows Discharge Water Quality Weekly 
Monitoring Report. 

E. Twice per month Equipment Checkout and Testing Schedule updates. 

F. Submit six copies of required certifications: 

1. Manufacturer's Certificate of Physical Checkout and Installation 
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2. Certificate of Field Testing 

3. Certificate of Functional Testing 

1.06 NOTIFICATION 

A. Notification of testing shall be as specified herein and shall be in writing to the 
CM/PM.   Final notification requirements, reflecting modifications to the 
Checkout and Testing Plan, are presented as minimum days prior to 
scheduled testing and as follows: 

 
Shop Testing .................................................................... 30 days 
Physical Checkout ............................................................. 7 days 
Field Testing ...................................................................... 7 days 
Instrumentation Field Testing ............................................. 7 days 
Hydrostatic Testing of Bulk Chemical and Day Tanks ..... 14 days 
Functional Testing .............................................................. 7 days 
Instrumentation Functional Testing ...................................  7 days 
Central Control Instrumentation Functional Testing ......... 30 days 

1.07 REFERENCE STANDARDS 

A. American Water Works Association (AWWA) 

1. AWWA C653 - Disinfection for Water Treatment Plants. 

2. AWWA D100 - Storage Tanks  

B. National Science Foundation (NSF) 

1. Standard 60 - Drinking Water Chemicals 

2. Standard 61 - Drinking Water Components 

1.08 QUALITY ASSURANCE 

A. The Contractor shall designate, in the Checkout and Testing Plan, a Testing 
and Checkout Coordinator, to coordinate and manage the activities defined in 
the checkout plan, as approved by the CM/PM.  Testing and Checkout 
Coordinator shall have been in responsible charge of at least four similar 
projects, two of which must have been completed in the last four years, and 
one must have been for facility greater than 40 mgd.  Responsibilities shall 
have included coordination of all testing including shop, field, functional and 
acceptance testing. Responsibilities shall have included integration of plant 
instrumentation and control system.  Provide qualifications and 
documentation of Testing and Checkout Coordinator which demonstrates 
compliance with this Section. 
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B. Manufacturer's Representatives and field service technicians shall be 
certified, competent, and experienced in accordance with Section 01640 for 
installation, adjustment, operation, testing and startup of the equipment and 
systems being installed in accordance with Section 01640. 

C. Tagging of equipment per Section 01650, including approval of Technical 
Data Forms, must be complete before approval to begin Field Testing will be 
issued by the CM/PM. 

D. Final, approved Operations and Maintenance Manuals must be complete 
prior to functional testing. 

1.09 PRE-REQUISITE ACTIVITIES 

A. Prior to beginning the Physical Checkout and Testing work, the following pre-
requisite activities shall be completed. 

1. Shop Drawings Approved, in accordance with the requirements of Section 
01330. 

2. O&M Manual Approved, in accordance with the requirements of Section 
01782. 

3. Approved System Factory Tests of LCPs in accordance with Section 
13300. 

4. Complete and submitted Electrical Point-to-Point Connection Diagrams, in 
accordance with the requirements of Division 16. 

5. Completed Electrical Testing in accordance with Section 16010. 

6. Complete Applications Software Test, per Division 13. 

7. Complete Tagging per Section 01650. 

1.10 WATER SOURCE FOR TESTING 

A. Water for all testing required in this Section shall be filtered and chlorinated 
as specified in Section 01535. 

B. Contractor shall, through the CM/PM, make arrangements with the City to 
obtain such water.  Contractor must notify CM/PM 14 days before water is 
required. 

C. All labor, equipment, materials and power required to convey the water to the 
structure shall be supplied by the Contractor. 
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D. Contractor shall coordinate with the CM/PM and SEWPP operating staff to 
comply with all capacity constraint requirements specified in Section 01114. 

1.11 WASTING AND DISPOSAL OF TESTING FLOWS AND PROCESS FLOWS 

A. Disposal of Testing Flows shall not be done without prior approval of CM/PM. 

B. The Contractor shall discharge Waste Testing Flows at locations to be 
approved by the CM/PM. 

C. The Contractor shall monitor Testing Flow Discharges in accordance with the 
following: 

1. Continuous monitoring/recording of turbidity, pH, and chlorine residuals 
shall be provided for all discharges. 

 

2. Daily monitoring/recording of Total Suspended Solids, particles, color and 
temperature.  Monitoring/recording shall be based upon composite sample 
collected throughout the operating day.  Composite sample shall be flow 
paced. 

3. Analytical testing procedures shall be in accordance with AWWA Standard 
Methods. 

4. Continuous flow rate monitoring, and daily flow totals shall be provided. 

D. The Contractor shall submit a Discharge Water Quality Monitoring Weekly 
Report detailing monitoring results and flow rate monitoring results.  Report 
for the week shall be submitted by Monday of the following week. 

E. The Contractor shall review discharge water quality and flow monitoring 
results daily.  Results not in compliance with this Section shall be reported 
immediately to the CM/PM. 

F. The Contractor shall stop discharges that are not in compliance with this 
Section. 

1.12 ROLES AND RESPONSIBILITIES 

A. Contractor’s Role and Responsibility 

1. Provide all services, materials, labor, supplies, test equipment and other 
items necessary to perform the testing specified herein and in the 
equipment specifications.  

2. Provide Testing Flows, per Section 01535. 
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3. Arrange and provide for survey crews, engineers, quality control 
technicians, manufacturer's representative(s) and the required 
governmental agency representatives to meet the specified testing 
requirements. 

4. Provide the services of the equipment Manufacturer's Representative(s) 
as specified in Section 01640 and as follows: 

a. During installation as specified in PART 3 of the equipment 
specifications. 

b. During Shop Testing as specified in PART 2 of the equipment 
specifications and as specified herein. 

c. During Field Testing as specified in PART 3 of the equipment 
specifications and as specified herein. 

d. During Functional Testing as specified herein. 

5. Timing for the performance of these services shall be defined in the 
Contractor's Checkout and Testing Plan, specified herein. 

6. Provide AES services. 

7. The CM/PM will review and comment on the Contractor's deliverables, 
participate in the physical inspection activities, witness the shop and field 
testing, witness functional testing, and review the Contractor's submittals 
for conformance to the specified requirements. 

B. AES Role and Responsibility 

1. The AES Role and responsibility is specified in Section 13300. 

C. City Role and Responsibility 

1. Coordinate with the CM/PM and the Contractor to provide access to 
filtered, chlorinated water for Testing Flows for use by the Contractor, as 
specified herein and in Section 01535. 

2. Test each chemical delivery.  Contractor shall schedule chemical 
deliveries and notify CM/PM of deliveries and provide time for the City to 
sample each chemical delivery. 

3. Operate and maintain existing waterworks facilities as specified in Section 
01114. 
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1.13 SHOP TESTING - ADMINISTRATIVE REQUIREMENTS 

A. Provide Quality Control in accordance with the requirements as specified in 
Section 01450. 

B. When required by the technical specifications, perform shop testing prior to 
delivery of the equipment or material.  Provide 30 days written notice 
indicating the time and place of testing.  Submit the following as part of the 
Equipment Checkout and Testing Plan: 

1. Description of the test, outlining how tests will demonstrate conformance 
to the requirements in the technical specifications. 

2. Devices that will be used in the tests.  Devices shall be provided with 
documentation of National Institute of Standards and Testing trackability.  
Description shall state what portion of the test that the devices will perform 
or measure, and device accuracy.  Submit sample measurement results 
and catalog cuts for each device proposed. 

3. Personnel used to perform the tests.  Resumes, qualifications and 
experience shall be submitted.  

4. Schedule for testing.  Schedule shall include frequency of measurements, 
personnel present, and contingency plans for equipment and/or test 
failure. 

5. Test forms.  Submit all forms used to record and report on Shop Test data 
for approval prior to the test.  Forms shall include description of test, 
equipment used, personnel present, equipment tag ID numbers, and 
measurements made.  Forms shall conform to the format for heading and 
check off attached as Appendix B to this Section.  Forms shall have a 
place for signature by the chief testing person, and an officer of the 
company that the tests performed are true, and have met the specified 
criteria and accuracy and that the equipment will operate as indicated and 
as specified. 

C. Shop test procedures will be reviewed and returned by the CM/PM within 21 
days of receipt.  The Contractor shall incorporate comments on the 
procedures, equipment, or personnel prior to testing.  Major comments by the 
CM/PM will require a resubmission of the shop test procedure and a 
rescheduling of the proposed test date.  The Contractor will be notified, in 
writing by the CM/PM, if a formal resubmission is required with the transmittal 
of the initial review comments. 
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D. The City reserves the right to have its authorized representative(s) attend and 
witness any and all shop tests.  Travel, lodging, rental car, meals, and other 
travel related costs for the CM/PM, City personnel, and their representatives, 
prior to, during, and after the testing, will be paid for by the CM/PM, the City 
or their representatives for the first test only.  If subsequent trips are required 
because the testing was not ready as scheduled or equipment did not pass 
the specified test criteria, all travel, lodging, rental car, meals and other travel 
costs for CM/PM, City and their representatives related to subsequent shop 
witness testing shall be at no additional cost to the City. 

E. Submit the following for approval within one week after completion of the 
tests: 

1. Completed test forms, for each device tested, on forms as approved prior 
to the test. 

2. Completed certification, the content of which was approved prior to the 
tests. 

3. A written summary of testing, reporting on the results and summarizing the 
entire procedure. 

4. A schedule for retesting, if necessary.  Perform any retesting required to 
fulfill the specified test requirements at no additional cost to the City.  

F. No equipment shall be shipped from its place of manufacture before shop test 
reports for that equipment are approved by the CM/PM. 

1.14 PRELIMINARY CHECKOUT AND TESTING PLAN 

A. Preliminary Checkout and Testing Plan shall be prepared by the Testing and 
Checkout Coordinator, and shall include the following: 

1. Name and qualifications of Testing and Checkout Coordinator. 

2. List of all Manufacturers’ Representatives, including contact, telephone 
and fax numbers and e-mail address. 

3. List of all tests, including: shop tests, field tests, functional tests and 
startup testing. 

4. Name and nomenclature of equipment to be tested, including reference to 
specifications section number and title, in accordance with the 
requirements of Section 01650. 
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5. Summary of power, lighting, chemical, water, gas, etc, needs and 
temporary connections and identification of who will provide them and how 
provided.  Identify ultimate disposal of the test media. 

6. Outline specific assignment of the responsibilities of the Contractor and 
manufacturers' representatives, PCS, Electrical, HVAC and Plumbing 
Subcontractors. 

7. Detailed description of step-by-step testing requirements, with reference to 
standardized testing procedures and laboratory analyses by established 
technical organizations such as ASTM, ANSI, AWWA Standard Methods 
and special testing equipment and as specified herein: 

a. Description of the tests, specifically outlining how the test will 
demonstrate conformance to the requirements in the Technical 
Specifications. 

b. Testing devices that will be used in the tests.  Description shall state 
what portion of the tests that the devices will perform or measure, and 
device accuracy.  Submit sample measurement results and catalog 
cuts. 

c. Testing frequency of measurements, personnel present, and 
contingency plans for equipment and/or test failure. 

d. Test forms.  Provide test forms for recording and reporting on the Field 
Test data to meet the specified test requirements and submit to the 
CM/PM for approval, prior to the test. 

e. Material and equipment required for the test.  

f. Water and Power requirements.  Water and power requirements shall 
be identified in the Testing and Checkout Plan by the Contractor and 
shall be supplied by the City for field testing purposes.  The Contractor 
shall provide all temporary piping and wiring required for field testing; 
and equipment and labor for the reuse of the test water.  When testing 
is performed with water during freezing conditions the Contractor shall 
prevent damage to the Work caused by freezing of the water.  Disposal 
plan for water and other material shall also be included and comply 
with all City, local and regulatory requirements. 

g. Operational requirements.  Include valve positions, set-ups, gate 
positions, and temporary arrangements that are required to run the 
tests. 

8. Changes to the Functional Testing Procedures contained in Appendix C of 
this Section. 
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9. Plan to include actual forms to be used to collect and record test data and 
to present tabulated test results.  Include an index which cross references 
the forms to their intended application(s) (Specification Section 
requirements). 

10. Special test requirements. 

11. Temporary or interim connections for sequencing of multiple units. 

12. Supplies and consumables required and provided by the Contractor. 

13. Chronological Schedule of Equipment Checkout and Testing utilizing the 
precedence diagram method ("PDM") of scheduling as specified in 
Section 01325, indicating schedule of each test and each precedent 
activity required for the activity. 

a. Include the following in the schedule for each Physical Checkout and 
test: 
 
All required submittals. 

1) Pre-requisite activities in accordance with Paragraph 1.09. 

2) Completion of ORT and Instrumentation Functional Demonstration 
Test. 

3) Physical Checkout. 

4) Field Testing. 

5) Functional Testing. 

b. Once work under this Section has begun, update and resubmit 
Schedule every two weeks to reflect changes. 

B. Checkout and Testing Plan Submittals shall be in a Microsoft Windows-based 
electronic format as well as submittal format required in Section 01330. 

1.15 PHYSICAL CHECKOUT AND INSPECTIONS - ADMINISTRATIVE 
REQUIREMENTS 

A. Through Physical Checkout and Inspections the Contractor shall provide 
verification of conformance to the specifications and contract drawings for 
physical presence; dimensions; and location, for specified materials, parts, 
and items; and for integrity of materials, equipment and systems.  Physical 
checkout and inspection shall also determine the equipment condition and 
readiness for field and functional testing.  
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B. Physical Checkout and Inspection shall include the following: 

1. Completion of Pre-requisite Activities 

2. Mechanical systems and items for installation, alignment and securing, 
adjustments of packing and seals, lubrication, drive connection and 
alignment, motor rotation, belt/chain tension, painting or surface 
applications, and tagging for identification. 

3. Piping systems for material, size, components, direction, alignment of 
joints and bolting/ welding, valves, packing and seals, screens, filters and 
strainers, painting, identification labeling and color coding, hangers, 
anchors, supports, and expansion provisions. 

C. Inspection shall verify that tanks, pipes, conduits, vessels, equipment and 
systems provided under the contract are clean and free from debris and 
construction materials.  Correct unsatisfactory, conditions prior to testing or 
acceptance. 

D. Complete tagging per Section 01650. 

E. Upon completion of the inspection, submit to the CM/PM six copies of each 
completed inspection form, Equipment Manufacturer's Certificate of Physical 
Checkout and Inspection included as Appendix B to this Section, these forms 
will be provided by the CM/PM as electronic files in a Windows-based word 
processing program.  The form shall be completed prior to the inspection.  
The CM/PM will review the forms.  A copy of each approved inspection form 
will be provided to the Contractor by the CM/PM.  Should a reinspection be 
required, it shall be performed at no additional cost to the City. 

F. No part of the system shall be energized prior to receipt and approval by 
CM/PM of the Manufacturer's Certificate of Physical Checkout and 
Installation. 

1.16 MINIMUM SHOP AND FIELD TESTING REQUIREMENTS 

A. The following are the minimum criteria for shop and field testing requirements.  
Should these requirements conflict with the Supplier's recommendations, be 
less stringent than the Supplier's requirements, or less stringent than the 
requirements in the equipment sections, they shall be superseded by the 
more stringent requirements for checkout and testing. 

1. Measurement of wearing ring clearances for all pumps requiring 
assembly, so equipped. 

a. Take a minimum of two readings opposed to each other by 90 
degrees. 
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b. All measured clearances shall be within Supplier's specifications for 
new installations.  Replace and recheck rings found to be out of round 
or out of specified tolerance. 

2. Measurement of impeller bore for all pumps requiring assembly. 

a. Take a minimum of two readings opposed to each other by 90 
degrees. 

b. All measured clearances shall be within Supplier's specifications for 
new installations.  Replace and recheck impellers found to be out of 
round or out of specified tolerance. 

3. Measurement of shaft run out for all rotating equipment requiring 
assembly. 

a. Remove bearings from the shaft.  Support shaft on pedestal rollers or 
in a lathe. 

b. Check each shoulder on the shaft. 

c. Take a minimum of two readings for each shoulder, opposed to each 
other by 90 degrees. 

d. All measured clearances shall be within Supplier's specifications for 
new installations.  Replace and recheck shafts found to be out of round 
or out of specified tolerance. 

4. Vibration Measurements 

a. Provide vibrational signature testing and documentation for each piece 
of direct drive or close coupled rotating equipment with a motor HP of 
100 or above and a rated operating speed in excess of 1500 RPM. 

b. Unless specified otherwise, the current edition of the Hydraulic Institute 
Standard, “Acceptable Field Vibration Limits” shall be the standard for 
vibrational testing. 

c. Take all specified vibrational readings in three directions: vertical, 
horizontal, and axial. 

d. Provide vibrational measurements in the following engineering units: 

1) Displacement in thousandths of an inch (mils), peak to peak 

2) Velocity in inches per second (ips), peak to peak. 
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3) Acceleration in feet per second per second zero to peak. 

4) Spike energy in g-SE. 

e. The vibrational readings shall be less than the allowable maximum for 
the device rotating frequency, and within the operating band specified 
by the Supplier. 

f. Amplitude Allowable Maximums: 
 
RPM ............................................. Amplitude inches peak to peak 
3,000 and above .......................................... 0.001 
1,500 - 2,999 ................................................ 0.002 
1,000 - 1,499 ................................................ 0.0025 
999 and below .............................................. 0.003 

5. Belt Drives 

a. All belts shall ride within the sheave and not slip to the bottom of the 
groove(s). 

b. Belt tension shall be in accordance with Supplier's recommendations. 

c. Pulley alignment shall be within Supplier's recommendations. 

d. All belts to be matched set or banded. 

6. Gear Drives and Reducers 

a. Check gears for lash at no less than three points around the gear. 

b. Rotate gears a full 360 degrees while checking alignment. 

7. Coupling/Shaft Alignment 

a. Perform all final alignments and checks with a dial indicator or a laser 
device.  Feeler gauges and straight edges are not acceptable. 

b. Eliminate soft foot conditions prior to aligning. 

c. When checking for final soft foot, any displacement in excess of 
0.0020-in shall be corrected. 

d. When checking for pipe strain, any displacement in excess of 0.002-in 
shall require piping realignment. 
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e. Alignments will not be regarded as final until the grout is set and all 
piping has been attached.  Demonstrate that alignment has not been 
changed by attachment of piping. 

f. Shim the driving element, not the driven element. 

g. Take bracket sag corrections into account when using a dial indicator.  
Bracket sag shall be determined on a rigid pipe. 

h. Mount a dial indicator to the driven element so that it can be rotated.  
Rotate both elements while aligning. 

i. When aligning three coupled elements, align gear reduction elements 
with the driven element first, then align the driver to the gear reduction 
element. 

j. Check all four alignments; i.e., angular alignment in the vertical and 
horizontal planes, and parallel alignment in the vertical and horizontal 
planes. 

k. The minimum acceptable alignment accuracy for flexible couplings is 
plus/minus 0.005-in. 

l. The dial indicator must be perpendicular to the alignment surface. 

m. Number hold down nuts prior to tightening.  Loosen in reverse order.  
Tighten in ascending order. 

n. Use only clean, deburred shims.  Clean the machine base and feet 
from rust or burrs prior to alignment. 

8. Measurement of Noise (dB) 

a. Eliminate noise sources generated by adjacent construction activity 
prior to testing. 

b. Establish a background noise level prior to testing. 

c. Perform noise level testing on each installed device as required by the 
technical specifications. 

d. The maximum acceptable noise level exposure is 85 dBA over eight 
continuous hours. 

9. Instrumentation and Control 
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a. The testing standards for Instrumentation and Control components are 
those contained in Division 13. 

10. Plumbing and HVAC Equipment 
The testing standards for these components are those contained in 

Division 15. 

11. Electrical Equipment 

a. The testing standards for electrical components are those contained in 
Division 16. 

1.17 FIELD TESTING - ADMINISTRATIVE REQUIREMENTS 

A. The Equipment Manufacturer’s Certificate of Physical Checkout and 
Installation shall be submitted and approved by CM/PM prior to beginning 
Field Testing. 

B. All equipment furnished under this Contract shall be field tested in 
accordance with the manufacturer’s instructions and recommendations. 
Additional field tests, as specified in the technical specifications, shall also be 
performed. The field tests to be conducted shall demonstrate to the 
satisfaction of the CM/PM and the City that the equipment conforms to the 
specified requirements.  All field test data shall include certification of 
calibration of instruments used. 

C. When required by the Technical Specifications, the Contractor and/or 
Subcontractors shall perform field testing on installed equipment.  Field 
Testing shall be in addition to, and not in lieu of, any shop testing either 
required or otherwise performed.  Perform Field Testing as a part of the 
overall physical and functional testing process specified herein and in 
accordance with the approved Testing and Checkout Plan.  However, the 
following specific instructions shall also apply. 

D. Field test procedures shall be reviewed and returned by the CM/PM within 30 
days of receipt. Incorporate comments on the procedures, equipment, or 
personnel prior to testing. Major comments by the CM/PM will require a 
resubmission of the field test procedure and a rescheduling of the proposed 
test date. The Contractor will be notified, in writing, by the CM/PM if a formal 
resubmission is required with the transmittal of the initial review comments. 

E. Submit within one week after completion of the tests, the following to the 
CM/PM for approval: 

1. Completed test forms, for each device tested, on approved forms. 
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2. Completed certification documentation, the content of which was approved 
prior to the tests. 

3. A written summary of testing, reporting on the results and summarizing the 
entire procedure, including:  Equipment Tested, tests procedures used, 
testing staff employed, power and chemicals used, testing results on 
approved test forms, and test debris and test waste disposal. 

4. A schedule for retesting, if necessary.  Perform any retesting required to 
demonstrate compliance with the technical specifications at no additional 
cost to the City. 

F. Instrumentation Field Testing will be completed under Division 13.  The 
Contractor shall coordinate Field Testing completed under Division 13 with 
Field Testing required in this Section. 

G. Plumbing and HVAC Field Testing will be completed under Division 15.  The 
Contractor shall coordinate Field Testing completed under Division 15 with 
the Field Testing required in this Section. 

H. Electrical Field Testing will be completed under Division 16.  The Contractor 
shall coordinate Field Testing completed under Division 16 with the Field 
Testing required in this Section. 

1.18 FUNCTIONAL TESTING 

A. Functional Testing shall not begin until submittal by Contractor has 
successfully completed all field testing as defined herein and until all field 
testing forms have been complete and submitted and approved by CM/PM of 
Certificate of Field Testing forms. 

B. Functional Testing shall not begin until submittal by Contractor and approved 
by CM/PM of Certificate of Application Software Operational Readiness Test. 

C. When listed in Appendix C of this Section, specific functional tests shall be 
performed by the Contractor in addition to the requirements for shop, field, 
and other tests called for in the technical specifications.  Functional tests shall 
be performed with fluid or gaseous substances that are non-septic, non-
corrosive, non-toxic, and non-flammable. 

D. The CM/PM, and the City, shall witness the performance of these tests. 
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E. Submit Functional Test package to the CM/PM. Approval of the functional test 
package by the CM/PM will be made within two weeks of the test date. 
Incorporate comments on the procedures, equipment, and personnel prior to 
testing. Major comments by the CM/PM will require a resubmission of the 
functional test package and rescheduling of the test date. The Contractor will 
be notified in writing by the CM/PM, if a formal resubmission is required with 
the transmittal of the initial review comments. 

F. Submit within one week after completion of the tests, the following to the 
CM/PM for review: 

1. Completed test forms, for each device, or system tested, on approved 
forms. 

2. Completed certification, the content of which was approved prior to the 
tests. 

3. A written summary of testing, reporting on the results and summarizing the 
entire procedure, including: 

 
Equipment and systems tested, test procedures used, testing staff 
employed, power and chemicals used, testing results on approved test 
forms, and test debris and test waste disposal. 

4. A schedule for retesting, if necessary, including changes to procedures, 
testing devices, or personnel.  Any retesting required to demonstrate 
conformance with the specified requirements, shall be at no additional 
cost to the City. 

G. Classroom Training, in accordance with Section 01735 shall be conducted 
within 30 days of approved Functional Testing Schedule. 

1.19 CORRECTIONS TO THE WORK 

A. Correct any items of work failing to meet the specified requirements, at no 
additional cost to the City.  Correct the nonconforming items by re-work, 
modification, or replacement, to the option of the CM/PM. 

1.20 SAFETY 

A. Conduct all specified test procedures in compliance with all applicable safety 
standards and regulations. 

B. Contractor to maintain equipment lock-out/tag-out in accordance with the 
requirements in City of Houston EWPP Lockout & Tagout Procedures, and/or 
all applicable OSHA standards. 
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1.21 MANUFACTURER'S SERVICES 

A. Manufacturer's Services shall be provided for Field Testing and Functional 
Testing in accordance with Section 01640 and Appendix D - Schedule of 
Manufacturer's Services for Field and Functional Testing, appended to this 
Section. 

PART 2: PRODUCTS – NOT USED 

PART 3: EXECUTION 

3.01 TECHNICAL SUPPORT 

A. The Contractor shall provide Manufacturer’s Services per requirements 
specified in this Section and in the Technical Sections. 

B. The Contractor shall provide services of PCSI per the requirements specified 
in Section 13300. 

C. The City will provide on-site AES programming staff for each scheduled day 
of Functional Testing. 

 
END OF SECTION 
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APPENDICES 
 
APPENDIX A – CONTENTS 
 

A-1 General Testing Flow Schematic 
A-2 Testing Coordination Schedule 

 
APPENDIX B – FORMS 
 

B-1 Equipment Manufacturer's Certificate of Physical Checkout and 
Installation 

B-3 Certificate of Field Testing 
B-4 Certificate of Functional Testing 

 
APPENDIX C – FUNCTIONAL TESTING PROCEDURES INDEX 
 
APPENDIX D – SCHEDULE OF MANUFACTURER'S SERVICES FOR FIELD AND 
FUNCTIONAL TESTING 
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APPENDIX A 
 

CONTENTS 
 
Appendix A-1 – General Testing Flow Schematic 
Appendix A-2 – Testing Coordination Schedule 
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APPENDIX A1 
 

GENERAL TESTING FLOW SCHEMATIC 
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 *Hydrostatic Testing per Sections 01750, 13201, 13202, 13210. 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

* 
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APPENDIX A2 

 
TESTING COORDINATION SCHEDULE 
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APPENDIX B 
 

FORMS 
 
Appendix B-1 - Equipment Manufacturer's Certificate of Physical Checkout and 
Installation 
Appendix B-2 - Certificate of Field Testing 
Appendix B-3 - Certificate of Functional Testing 
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APPENDIX B-1 
 

EQUIPMENT MANUFACTURER’S CERTIFICATE OF  
PHYSICAL CHECKOUT AND INSTALLATION 

 
Owner: ___________________________ 
 
Project: ___________________________ 
 
Contract No. ___________________________ 
 
EQUIPMENT SPECIFICATION 
SECTION___________________________________________________ 
 
EQUIPMENT DESCRIPTION 
___________________________________________________________ 
 
______________________________________________ , Authorized representative of 

(Print Name) 
______________________________________________________________________ 

(Print Manufacturer's Name) 

and _____________________________________, Testing and Checkout Coordinator, 
(Print Name) 

hereby CERTIFY 
that___________________________________________________________________ 

(Print equipment name and Tag No. per 01650) 
 
installed for the subject project has/have been installed, tagged and is  in a satisfactory 
manner is/are ready for testing on Date:_____________Time: ____________. 
 
CERTIFIED BY: _____________________________________ DATE: _____________ 

(Signature of Manufacturer's Representative) 
 
_________________________________________________ DATE:_____________ 

(Signature of Testing and Checkout Coordinator) 
 
_________________________________________________ DATE:_____________ 

(Signature of General Contractor) 
 
_________________________________________________ DATE:_____________ 

(Signature of CM/PM Testing Coordinator) 
 
APPROVED BY:__________________________________ DATE: _____________ 

(CM/PM) 

 
01665-31 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
EQUIPMENT CHECKOUT,   Bid Package 2 – Plant 1-2 Improvements 
FIELD TESTING, AND FUNCTIONAL TESTING  WBS No. S-000056-0071-4  

APPENDIX B-2 
 

CERTIFICATE OF FIELD TESTING 
 
Owner: ___________________________ 
 
Project: ___________________________ 
 
Contract No. ___________________________ 
 
EQUIPMENT SPECIFICATION 
SECTION___________________________________________________ 
 
EQUIPMENT DESCRIPTION 
___________________________________________________________ 
 
_______________________________________________ Authorized representative of 

(Print Name) 

______________________________________________________________________ 
(Print Manufacturer's Name) 

and _____________________________________ , Testing and Checkout Coordinator, 
(Print Name) 

hereby CERTIFY 
that___________________________________________________________________ 

(Print equipment name and Tag No. per Section 01650) 
 
has been satisfactorily Field Tested, cleaned, lubricated and is ready for Functional 
Testing on  
Date:____________ Time: ____________. 
 
CERTIFIED BY: _____________________________________ DATE: _____________ 

(Signature of Manufacturer's Representative) 
 
_________________________________________________ DATE:_____________ 

(Signature of Testing and Checkout Coordinator) 
 
_________________________________________________ DATE:_____________ 

(Signature of General Contractor 
 
_________________________________________________ DATE:_____________ 

(Signature of CM/PM Testing Coordinator) 
 
APPROVED BY:__________________________________ DATE: _____________ 

CM/PM) 
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APPENDIX B-3 
 

CERTIFICATE OF FUNCTIONAL TESTING 
 
Owner: ___________________________ 
 
Project: ___________________________ 
 
Contract No. ___________________________ 
 
 
EQUIPMENT SPECIFICATION SECTIONS 
______________________________________________________________ 
 
SYSTEM DESCRIPTION 
______________________________________________________________ 
 
________________________________, Authorized Testing and Checkout Coordinator, 

(Print Name) 

hereby CERTIFY 
that__________________________________________________________________ 

(System name) 
 
has been satisfactorily Functional Tested, cleaned and lubricated on Date:_________ 
Time: ______. 
 
CERTIFIED BY: _____________________________________ DATE: _____________ 

(Signature of Manufacturer's Representative) 
 
__________________________________________________ DATE:_____________ 

(Signature of Testing and Checkout Coordinator) 
 
__________________________________________________ DATE:_____________ 

(Signature of General Contractor 
 
__________________________________________________ DATE:_____________ 

(Signature of CM/PM Testing Coordinator) 
 
APPROVED BY:___________________________________ DATE: _____________ 

CM/PM) 
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APPENDIX C 
 

FUNCTIONAL TESTING PROCEDURES INDEX 
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TESTING 
LEVEL DETAIL PROCEDURE EQUIPMENT TO BE TESTED 
 
FUNCTIONAL 1 Pumping Systems (11061, 11063, 11065, 

11077, 11078, 11080, 11925) 
FUNCTIONAL 2 Mixers (11350, 11373) 
FUNCTIONAL 3 OMITTED 
FUNCTIONAL 4 Chemical Storage Tanks (13201, 13202, 

13210) 
FUNCTIONAL 5 Liquid Chemical Feed System (11061, 

11063, 11077, 11078, 11080) 
FUNCTIONAL 6 OMITTED 
FUNCTIONAL 7 OMITTED 
FUNCTIONAL 8 OMITTED 
FUNCTIONAL 9 OMITTED 
FUNCTIONAL 10 Valves and Specialties (15100, 15102, 

15104, 15106, 15114) 
FUNCTIONAL 11 OMITTED 
FUNCTIONAL 12 OMITTED 
FUNCTIONAL 13 OMITTED 
FUNCTIONAL 14 OMITTED 
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Procedure 1 - Functional Testing of Pumping Systems 
 
A. General Procedures 
 

1. Conduct Functional Testing of each pumping system and pumping equipment as 
specified herein and in accordance with the following listed specification sections. 

 
Specification Section: 

 
11061 - Pumping Equipment: Centrifugal Pumps 
11063 - Self Priming Centrifugal Pumps 
11065 - Pumping Equipment: Sump Pumps 
11077 - Pumping Equipment: Seal-Less Magnetic Drive Pumps 
11078 - Pumping Equipment: Diaphragm Metering Pumps 
11080 - Pumping Equipment: Hose Pumps 
11925 - Polymer Blending and Feed Equipment 

 
2. Prior to pumping fluid with any pumps: 

Remove all construction debris from around pumps and from pipe lines to be 
used. 

Flush all pipelines 

Jog motor to check pump rotation. 

Determine fluid source and discharge points and open all valves as necessary. 

Ensure all pump and motor bearings, speed reducers, gear boxes, etc., have 
been properly lubricated.  Replace storage oils with normal running oils as 
appropriate. 

Visually inspect installation. 

Prime pump (unless priming not required). 
 

3. The testing specified herein can be scheduled concurrently with other functional 
testing. 

 
B. Test Procedures 
 

1. Each pump shall undergo functional testing.  Fluid path from source to discharge 
point will be as indicated in the approved Equipment Checkout and Testing Plan.  
Achieve the specified operating head by discharge valve throttling, if necessary. 
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2. Operate each pump for a minimum of three hours simulating actual operating 
conditions as specified including pump on and off cycling. 

 
3. Verify installation is correct.  Test suction and discharge valve operation. 

 
4. Check functioning of suction and discharge pressure gauges and other 

instrumentation.  Observe glands or stuffing boxes for leakage.  Monitor 
temperature of pump and motor bearings.  Monitor units and attached 
instruments or instrument panels for vibration and noise in accordance with the 
requirements specified in Section 01665. 

 
5. Verify that pump meets specified delivery rates by measuring flow versus head 

for a minimum of three different operating heads (approximately 90% head, 
design point and 20% head of the acceptable operating head range of the pump).  
For variable speed units, check delivery rate versus head at three different 
speeds (90%, 50% and 20% speed). 

 
6. Verify response to remote signal input and feedback including shutdown and 

startup sequencing. 
 

7. Measure power draw to confirm motor and pump efficiencies meet specified 
limits.  Test duration to be detailed in the approved Equipment Checkout and 
Testing Plan, but not less than one hour running time per pump. 

 
8. Except for submersible pumps, measure vibration signature for each pump and 

drive assembly, for start-up and the full range of operating conditions.  Vibration 
at all points within the pump’s operating range shall not to exceed 2 mil 
displacement peak to peak with readings filtered and measurements taken at the 
pump bearing housing.  Test duration to be detailed in the approved Equipment 
Checkout and Testing Plan, but not less than one hour running time per pump. 

 
9. In the event that the Contractor is unable to demonstrate that the pumping 

system meets specifications, perform the necessary adjustments and re-test at 
no additional cost to the City. 

 
10. Timers, gauges, flow measurement devices, control panels, and other ancillary 

equipment associated with the pumping system shall perform as specified during 
the testing.  Demonstrate the ability of the pumps to respond to appurtenant 
controls, interlocks and alarm conditions.  Replace any defective items at no 
additional cost to the City.  If the failure of any of these devices halts the testing 
while in progress, reschedule and rerun the test at no additional cost to the City. 
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Procedure 2 – Mixers 
 

A. General Procedures 
 

1. Conduct functional testing of each mechanical mixer and associated tankage as 
specified herein and in accordance with Sections 11373 – Mixers. 

 
2. Prior to the introduction of fluid to the mixing tank or operation of the mixer, 

remove all debris from the tank. 
 

3. Ensure the mixer and mixer motor have been properly lubricated prior to testing.  
Jog the motor to check rotation with motor uncoupled. 

 
4. The testing specified herein can be scheduled concurrently with other functional 

testing. 
 
B. Test Procedures 
 

1. Each mechanical mixer shall undergo functional testing.  The tested tank shall 
contain the fluid (and fluid concentration) normally intended to be used in the 
tank, or a substitute fluid with similar viscosity, if approved by the CM/PM. 

 
2. Fill the tank to its highest operating level and close all inlet and outlet valves and 

check for leaks to isolate the tank. 
 

3. Operate each mixer for a minimum of two hours simulating actual operating 
conditions as closely as possible, including the entire range of operating fluid 
levels and mixer on-and-off cycling. 

 
4. Operate mixers in conjunction with the associated Venturi Gas Scrubber System. 

 
5. Check functioning of control instrumentation, gauges, and indicators.  Monitor 

temperature of mixer and motor bearings.  Monitor units for excessive vibration, 
splashing, and noise at various fluid levels. 

 
6. Verify that tank contents are thoroughly mixed. Measure power draw to confirm 

mixer and motor efficiencies meet specified limits. 
 

7. Perform adjustments as necessary.  Re-tests after adjustment are made at no 
additional cost to the City.  

 
8. All ancillary equipment associated with the mixing systems shall perform as 

specified during the testing.  Replace any defective items at no cost to the City.  
If the failure of any of the devices halts the testing while in progress, reschedule 
and rerun the test at no additional cost to the City. 
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Procedure 4 – Functional Testing of Chemical Storage Tanks 
 
A. General Procedures 
 

1. Conduct Functional Testing of the Chemical Storage Tanks as specified herein 
and in accordance with the following Sections: 

 
13201 – Plastic Chemical Storage Tanks 
13202 – Stainless Steel Chemical Storage Tanks 
13210 – Chemical Storage Tank Testing and Inspection 

 
2. Functional Testing of new and existing, bulk chemical storage tanks and day 

tanks is covered under this Procedure. 
 
3. Prior to introduction of clean water into a chemical storage tank or operation of 

any component of the system, conduct a thorough inspection of the system and 
individual components, removing all construction debris.  Check the mechanical 
equipment and pipelines for extraneous materials and remove such materials 
prior to operating the mechanical equipment. 

 
4. Make adjustments to place equipment in working order at time of testing. 

 
5. The testing specified herein can be scheduled concurrently with other functional 

testing. 
 
B. Test Procedures 
 

1. Each chemical storage tank will undergo field testing. 
 

2. Filtered, chlorinated water shall be used for hydrostatic testing, field testing and 
functional testing of all chemical storage tanks listed under Procedure 4, 
Paragraph A.1 above, as specified in Section 01535. 

 
3. Supply all pipe, hose, pumps, power and other equipment required to convey the 

test liquids and carry out all tests.   
 

4. Test tanks for leaks or damage prior to use, for a period of 24 hours, during 
which no visible leakage is acceptable. 

 
5. Where hydrostatic testing of tanks is specified, apply required hydrostatic test 

pressure in addition to pressures imposed by filling tank with required liquid.  In 
order to simulate these conditions, attach standpipe to top of tank and fill tank 
and standpipe assembly with water.  Measure height of standpipe above highest 
point of tank.  Provide standpipe of height equal to height of tank times difference 
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between specific gravity of required liquid and specific gravity of water, plus 
additional height equal to hydrostatic test pressure specified.  Temporarily seal 
vents to allow the above test pressures to be imposed.  Leakage during test is 
not acceptable. 

 
6. Repair leaks or damage at no additional cost to the City. 
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Procedure 5 – Functional Testing of Liquid Chemical Feed Systems 
 
A. General Procedures 
 

1. Conduct functional testing of the liquid chemical feed systems with filtered, 
chlorinated water for the following systems: sodium hypochlorite, aqua ammonia, 
hydrofluosilic acid, sodium bisulfite and polymer systems as specified, as follows: 

 
11061 - Pumping Equipment: Centrifugal Pumps 
11063 - Self Priming Centrifugal Pumps 
11065 - Pumping Equipment: Sump Pumps 
11077 - Pumping Equipment: Seal-Less Magnetic Drive Pumps 
11078 - Pumping Equipment: Diaphragm Metering Pumps 
11080 - Pumping Equipment: Hose Pumps 
11925 - Polymer Blending and Feed Equipment 
13201 – Plastic Chemical Storage Tanks 
13202 – Stainless Steel Chemical Storage Tanks 
13210 – Chemical Storage Tank Testing and Inspection 

 
2. Prior to the introduction of chemical into each tank or the operation of each 

mechanical equipment, remove all construction debris.  Check the mechanical 
equipment and pipelines for extraneous materials and remove such materials 
prior to operating the equipment. 

 
3. Lubricate all equipment prior to testing 
 
4. The testing specified herein can be scheduled concurrently with other functional 

testing, subject to the approval of the City CM/PM. 
 
5. Verify all manway hatches are sealed. 
 
6. Verify all tank drains and transfer lines are closed. 

 
B. Test Procedures 
 

1. Each component of the liquid chemical feed systems shall undergo functional 
testing.  Filtered, chlorinated water shall be used during testing as specified in 
Section 01535 and as directed and approved by the CM/PM. 

 
2. Operate system for a minimum of six (6) hours, simulating actual operating 

conditions as closely as possible, including pump on- and off-cycling. 
 
3. Test chemical delivery and tank filling system.  Fill storage tanks and check for 

leaks. 
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4. Check calibration of each metering pump at a minimum of three (3) feed rates. 
Recalibrate as necessary. 

 
5. Monitor temperature of pump and motor bearings.  Monitor system for excessive 

vibration and noise.  Check operation of valves, switches, alarms, legal 
indicators, stroke length indicators, suction and discharge pressure gauges, and 
other ancillary equipment.  

 
6. Verify specified delivery rates can be met. 
 
7. Verify all isolation valves are leak tight. 
 
8. Measure power draw to confirm pump and motor efficiencies meet specified 

limits.  
 
9. In the event that the Contractor is unable to demonstrate the liquid chemical feed 

systems perform as specified, perform necessary adjustments prior to retest, at 
no additional cost to the City. 

 
10. Timers, gauges, flow measurement devices, control panels, and other ancillary 

equipment associated with the liquid chemical feed systems shall perform as 
specified during the functional testing.  Replace any defective items at no cost to 
the City. The failure of any of these devices halts the testing while in progress, 
reschedule and rerun the test at no additional cost to the City. 
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Procedure 10 – Functional Testing of Valves and Specialties 
 
A. Functional Testing General Procedure 
 

1. Conduct Functional Testing of valves, and specialties as specified herein and in 
accordance with the following Sections: 

 
15100 – Valves:  Basic Requirements 
15102 – Plug Valves 
15104 – Ball Valves 
15106 – Check Valves 
15114 – Miscellaneous Valves 

 
2. Lubricate all equipment prior to testing.  Replace storage oils with running oils as 

appropriate.  Dispose of storage oil in a manner that has been approved by the 
CM/PM. 

 
3. Make adjustments to place equipment in working order at time of testing. 

 
B. Functional Test Procedures 
 

1. Demonstrate that all manually operated valves travel through full range of motion 
by manual actuation. 

 
2. Demonstrate that all motorized and other power activated valves travel through 

full range of operation (fully closed through fully open) by motorized actuation 
and/or other power sources. 

 
3. Demonstrate operation of controls, interlocks and limit switches for motorized 

and other power activated valve operators.  Demonstrate operation of Open, 
Moving and Closed indicator lights on motorized valves. 

 
4. Demonstrate operation of torque overload mechanism, and other safety devices, 

during motorized valve movement in both the open and closed directions. 
 

5. Demonstrate response to loss of electricity or other power sources. 
 

6. All testing to be done in presence of CM/PM. 
 

7. Verify all motorized valves, control valves and manual valves 4-in and larger are 
water tight. Valve operation shall be repeated ten times with closure meeting the 
requirements of full flow sealing demonstrated at the end of ten closure cycles. 
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APPENDIX D 
 

SCHEDULE OF MANUFACTURER’S SERVICES 
FOR FIELD AND FUNCTIONAL TESTING 
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APPENDIX D 
SCHEDULE OF MANUFACTURER’S SERVICES FOR 

FIELD AND FUNCTIONAL TESTING 
 

Specification 
Section No. Section Title 

Manufacturer’s Services Minimum Person Day 
Requirements 

Equipment 
Checkout 

Field 
Testing 

Functional 
Testing 

11061 Centrifugal Pumps 0.5 per pump See 
Note A 0.5 per pump 

11063 Self Priming Centrifugal 
Pumps 0.5 per pump See 

Note A 0.5 per pump 

11065 Pumping Equipment: 
Sump Pumps 

0.5 per sump 
pump station 

See 
Note A 

1 per sump pump 
station 

11077 
Pumping Equipment: 
Seal-Less Magnetic 
Drive Pumps 

0.5 per pump, 
including skid 
mounted units 

See 
Note A 

0.5 per pump, 
including skid 
mounted units 

11078 
Pumping Equipment: 
Diaphragm Metering 
Pumps 

2 per chemical 
feed system 

See 
Note A 3 per chemical 

feed system 

11080 Pumping Equipment: 
Hose Pumps 0.5 per pump See 

Note A 0.5 per pump 

11350 Venturi Gas Scrubber 
System 1 per system See 

Note A 1 per system 

11373 Mixers 0.5 per mixer See 
Note A 0.5 per mixer 

13201 Plastic Chemical 
Storage Tanks 1 per tank 1.5 per 

tank --- 

13202 
Stainless Steel 
Chemical Storage 
Tanks 

1 per tank 
1.5 per 

tank ---- 

15090 Pipe and Conduit 
Support Systems 

2 See 
Note A 

----- 

15102 Plug Valves 0.5 per chemical 
feed system 

See 
Note A 

----- 

15104 Ball Valves 0.5 per chemical 
feed system 

See 
Note A 

----- 

15106 Check Valves 0.5 per chemical 
feed system 

See 
Note A ----- 
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Specification 
Section No. Section Title 

Manufacturer’s Services Minimum Person Day 
Requirements 

Equipment 
Checkout 

Field 
Testing 

Functional 
Testing 

15114 Miscellaneous Valves 0.5 per chemical 
feed system 

See 
Note A 

----- 

 
 
Note: 
A. Equipment Checkout and Field Testing may occur simultaneously. 
B. Manufacturer is responsible for tank construction. 
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 Section 01725 
 
 FIELD SURVEYING 
 
 
PART 1    G E N E R A L 
 
1.01 QUALITY CONTROL 

A. Conform to State of Texas laws for surveys requiring licensed surveyors.  
Employ a surveyor acceptable to Project Manager if required by the Contract.  

1.02 MEASUREMENT AND PAYMENT 

 A. UNIT PRICES 

   1. No separate payment will be made for field surveying.  Include cost in unit 
    price for related items. 

1.03 SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittal Procedures. 

B. Submit name, address, and telephone number of Surveyor to Project  
Manager before starting survey work.  

C. Submit documentation verifying accuracy of survey work on request. 

D. Submit certificate signed by Surveyor, that elevations and locations of the 
Work are in conformance with the Contract.  

1.04 PROJECT RECORD DOCUMENTS  

A. Maintain a complete and accurate log of control and survey work as it 
progresses.  

B. Prepare a certified survey setting forth dimensions, locations, angles, and  
elevations of construction and site work upon completion of foundation walls 
and major site improvements.  

C. Submit record documents under provisions of Section 01785 - Project Record  
Documents.  

1.05 EXAMINATION 

A. Verify locations of survey control points prior to starting the Work. 
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B. Notify Project Manager immediately if any discrepancies are discovered. 

1.06 SURVEY REFERENCE POINTS  

A. The City will establish survey control datum as provided in Document 00700 -  
  General Conditions and as indicated on Drawings. Inform Project Manager in 
  Advance of time horizontal and vertical control points will be established so 
 

verification deemed necessary by Project Manager may be done with 
minimum inconvenience to the City or Contractor.  

B. Locate and protect survey control points prior to starting site work; preserve 
permanent reference points during construction.  

C. Notify Project Manager a minimum of 48 hours before relocation of reference 
points is needed due to changes in grades or other reasons.  

D. Promptly report loss or destruction of reference points to Project Manager. 

E. Reimburse the City for cost of reestablishment of permanent reference points 
disturbed by construction operations.  

1.07 SURVEY REQUIREMENTS 

A. Utilize recognized engineering survey practices. 

B. Establish a minimum of two permanent benchmarks on site, referenced to 
established control points. Record horizontal and vertical location data on 
Project record documents.  

C. Establish elevations, lines and levels to provide quantities required for  
measurement and payment and for appropriate controls for the Work. Locate 
and lay out the following with appropriate instruments:  

1.  Site improvements including grading, fill and topsoil placement, utilities, 
 and footings and slabs  

2.  Grid or axis for structures 

3.  Building foundation, column locations, and ground floor elevations  

D. Periodically verify layouts. 

PART 2 P R O D U C T S - Not Used 
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PART 3 E X E C U T I O N - Not Used 

 
 END OF SECTION 
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 Section 01731 
 
 CUTTING AND PATCHING 
 
 
PART 1    G E N E R A L 
 
1.01 SECTION INCLUDES 

A. Cutting, patching and fitting of the Work or work under construction.  
Coordinating Installation or connection of the Work to existing facilities, or 
uncovering work for access, inspection or testing and related submittals.  

1.02 MEASUREMENT AND PAYMENT 

 A. UNIT PRICES 

   1. No separate payment will be made for cutting and patching.  Include cost in 
    unit price for related items. 

1.03 CUTTING AND PATCHING 

A. Perform activities to avoid interference with facility operations and work of  
others in accordance with Document 00700 - General Conditions of Contract.  

B. Execute cutting and patching, including excavation, backfill and fitting to: 

1. Remove and replace defective work or work not conforming to 
Drawings and Specifications;  

2. Take samples of installed work as required for testing; 

3. Remove construction required to provide for specified alterations or 
additions to existing work;  

4. Uncover work to allow inspection or reinspection by Project Manager or 
regulatory agencies having jurisdiction;  

5. Connect uninstalled work to completed work in proper sequence; 

6. Remove or relocate existing utilities and pipes that obstruct work; 

7. Make connections or alterations to existing or new facilities; 

8. Provide openings, channels, chases and flues and cut, patch, and 
finish; if required; or  
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9. Provide protection for other portions of the Work.  

 C. Restore existing work to a condition equal to or better than that which existed 
  Prior to cutting and patching, and to standards required by Specifications. 
   

D. Support, anchor, attach, match, trim and seal materials to work of others.  
Unless otherwise specified, Furnish and Install sleeves, inserts, and hangers 
required for execution of the Work.  

E. Provide shoring, bracing and support necessary to maintain structural  
integrity and to protect adjacent work from damage during cutting and  
patching. Request written approval from Project Manager, before cutting  
structural members such as beams, anchors, lintels, or other supports.  
Follow approved submittals, as applicable.  

F. Match new materials to existing materials by bonding, lapping, mechanically 
tying, anchoring or other effective means in order to prevent cracks and to  
minimize evidence of patching. Conceal effects of demolition and patching  
by blending new construction to existing surfaces. Avoid obvious breaks,  
joints or changes of surface appearance unless shown on Drawings or  
authorized by Project Manager.  

1.04 SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittal Procedures. 

B. Submit a written request to Project Manager for consent to proceed, before  
conducting cutting operations that might affect structural integrity, design  
function, City operations, or work of another contractor.  

C. Include the following in submittal: 

1. Identification of Project  

2. Description of affected work 

3. Necessity for cutting  

4. Effect on other work and on structural integrity 

5. Describe the proposed work including:  
a. Scope of cutting and patching  
b. Contractor, Subcontractor or Supplier who will execute the work 
c. Proposed Products  
d. Extent of refinishing  
e. Schedule of operations  
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 6. Alternatives to cutting and patching 

 D. When work conditions or schedules dictate the need for change of materials or 
  methods, submit a written recommendation to Project Manager that includes:  

1.  conditions necessitating the change;  

2.  recommendations for alternative materials or methods; and 

3.  submittals required for proposed substitutions  

E. Notify Project Manager in writing when work will be uncovered for  
observation. Do not begin cutting or patching operations until authorized by 
Project Manager.  

1.05 CONNECTIONS TO EXISTING FACILITIES  

A. Perform construction operations necessary to complete connections and  
tie-ins to existing facilities. Keep existing facilities in continuous operation 
unless otherwise permitted in the Specifications or approved in writing by  
Project Manager.  

B. Coordinate interruption of service requiring connection to existing facilities  
with Project Manager. Do not bypass wastewater or sludge to waterways.  
Provide temporary pumping facilities to handle wastewater if necessary. Use 
temporary bulkheads to minimize disruption. Provide temporary power and  
piping to facilitate construction where necessary.  

C. Submit a detailed schedule of proposed connections, including shut-downs  
and tie-ins. Include proposed time and date as well as anticipated duration of 
work. Coordinate the connection schedule with the construction schedule.  

1. Submit specific times and dates to Project Manager at least 48 hours  
in advance of proposed work.  

D. Procedures and Operations: 

1. Operate existing pumps, valves and gates in required sequence under 
supervision of Project Manager. Do not operate valves, gates or other 
items of equipment without Project Manager’s knowledge.  

2. If possible, test equipment under operating conditions before making  
final tie-ins to connect equipment to existing facility.  

 3. Coordinate work and schedules. Notify Project Manger at least 48 
  Hours before shutdowns or bypasses are required. 
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PART 2 P R O D U C T S   Not Used 

PART 3 E X E C U T I O N Not Used 

 
END OF SECTION 
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SECTION 01735 

VENDOR TRAINING 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. Furnish all labor, materials, equipment and incidentals required and provide a 
vendor training program for the East Water Purification Plant’s Operating 
personnel and their consultants with sufficient information and skills training 
on the theory, design, and site specific operation and maintenance practices, 
including, but not limited to, routine monitoring with normal and abnormal 
parameters, troubleshooting techniques, and preventive and corrective 
maintenance requirements to operate and maintain equipment and systems. 

1. Training shall include a combination of classroom, field observance, and 
hands-on applications.  Training schedule will be prepared by the 
Contractor's Training Coordinator and approved by the Construction 
Manager/Project Manager (CM/PM).  Training may be required on all 
shifts, both before and during Field Testing, Functional Testing and 
Acceptance Testing. 

B. Appendix A lists the training that will be developed and delivered by the 
Contractor as required under this Section.  Additional training requirements 
are presented in Section 13300.  For each curriculum listed, Appendix A 
identifies the Curriculum Number related Technical Specification Number and 
Title, Equipment to be covered; the number of training sessions required to 
cover the material and the length of each session; the target audience for 
whom the training shall be designed; the number of times that each training 
session will be delivered; and the total number of instructor hours required to 
deliver the training. 

C. Appendix B lists the Vendor Training Deliverables for each training session. 

D. Contractor shall video tape one session of each classroom, field observance, 
and hands-on application, including videos for each separate sessions for 
operators, mechanics and electrical/instrumentation target audience. Video 
taping shall be done by a video recording professional who has been 
regularly and continuously engaged in video recording, editing and 
production, for the past three years. Provide training videos on DVD media. 
Provide a minimum of ten (10) DVDs for each training session recorded. 
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E. Training Coordinator. The Contractor shall provide a Training Coordinator to 
coordinate and oversee all training activities required by the Contract 
Documents.  The Training Coordinator shall be a separate individual from the 
Testing and Checkout Coordinator as specified in Section 01665. 

F. Maintain files on-site with a copy of all training materials.  Maintain Training 
Catalog, which systematically list all training materials.  Provide electronic 
copy of presentation in Microsoft Power Point®. 

G. The Contractor shall provide a credit to the City for any unused instructor 
hours. 

H. Coordinate Training provided under this Section and provided under Section 
13300. 

1.02 MEASUREMENT AND PAYMENT 

A. Include the cost for vendor training in the lump sum Stipulated Price, in 
Section 00410, Part B, Paragraph A.  This includes all training included in 
Appendix A of this Section. 

B. Measurement for vendor training is on a lump sum basis equal to two percent 
of the individual equipment value contained in the Schedule of Values.  The 
lump sum amount may be included in the first Progress Payment following 
approval of the vendor training by the CM/PM. 

C. Under Section 00410, Part B, Paragraph C, Extra Unit Price Table, Contractor 
is required to provide a unit price for a specified quantity of 8-hour days of 
Vendor Training, specified under this section.  This Bid Item is included to 
provide a price for additional quantities of 8-hour days of Vendor Training 
required to complete the project, beyond the quantities necessary to complete 
the Work included in the Stipulated Price in Section 00410 Part B, Paragraph 
A.  Unit Bid Price shall include all labor, expenses, travel and lodging to 
provide an additional 8-hour training day.  Final quantities for unit price bid 
items will be determined in accordance with the General Conditions and 
Section 01270 – Measurement and Payment.  Extra unit price work is paid 
only when authorized in advance by the CM/PM. 

1.03 RELATED SECTIONS 

A. Schedule of Values is included in Section 01292 and its supplement. 

B. Equipment Nomenclature, Data Identification and Data Input is included in  
Section 01650. 

C. Equipment Checkout, Field Testing and Functional Testing is included in 
Section 01665. 
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D. Closeout Procedures are included in Section 01770. 

E. Contractor O&M Manuals is included in Section 01782. 

F. Vendor training for Instrumentation and Controls is included in Section 13300. 

1.04 ROLES AND RESPONSIBILITIES 

A. The City’s Responsibilities are as follows: 

1. Provide trainees. 

2. Provide work schedule of City personnel to be trained. 

3. Provide classrooms for training.  Classrooms to be located on the East 
Water Purification Plant (EWPP) site. 

4. Evaluate trainers and effectiveness of training sessions.  Evaluation will be 
given to CM/PM. 

B. The CM/PM's Responsibilities are as follows:  

1. Review and approve the qualifications of instructors, Instructor Manuals, 
Trainee Manuals, and training aids (such as overheads, slides, video 
tapes, DVDs, equipment cutaways, demonstration units, models, etc.) for 
compliance with this Section. 

2. Evaluate the instructor and the course to determine performance in 
accordance with this Section.  Evaluation form will be prepared and given 
to each instructor with response to Instructor Manual/Lesson Plan First 
Submittal. 

C. The Contractor's Responsibilities are as follows: 

1. Provide field locations for field and hands-on training. 

2. Provide qualified instructors for class, field, and hands-on training. 

3. Provide Instructor Manuals and Trainee Manuals that include lesson plans 
that cover all class, field, and hands-on training and that are designed for 
the target audience shown in Appendix A. 

4. Provide tagging of equipment per Section 01650 prior to field and hands-
on training. 

5. Provide all materials required for all training. 
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1.05 SUBMITTALS 

A. Submit, in accordance with Section 01330, five copies of each of the following 
for review and approval by the CM/PM: 

1. Training Coordinator Qualifications 

2. Instructor Qualifications - Completed Statement of Instructor's 
Qualification (See Appendix C) 

3. Certificate of Factory Training from equipment manufacturer that instructor 
has been trained and is certified to conduct training (see Appendix D). 

4. Vendor Training Program 

5. Instructor Manuals 

6. Trainee Manuals, including safety/protective equipment required by 
Trainee for training. 

7. Submittal Schedule - The Contractor shall submit proposed schedule for 
each curriculum listed in Appendix A. 

1.06 INSTRUCTOR MANUAL 

A. The Contractor shall prepare an Instructor Manual or each curriculum that 
includes all of the information specified below and written at the journeyman 
level for electrician specialists, mechanic specialists and instrument 
technicians, and for TCEQ Class B surface water treatment plant operators, 
or other disciplines, depending upon the target audience. 

B. The Instructor Manual shall be consistent with the nomenclature and content 
of the approved Contractor's O&M Manual required in Section 01782.  The 
O&M Manual cannot be substituted for the Instructor Manual. 

C. The purpose of the Instructor Manual is to define the concepts and 
information that will be taught to each target audience and to describe the 
methods and materials to be used during the training.  The Instructor Manual 
is designed to provide specific guidance to the Instructor regarding all aspects 
of the training program.  The Instructor Manual shall include: 

1. Description of the equipment; 

2. Parts and equipment graphics; 

3. Safety procedures; 
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4. Startup checks and procedures; 

5. Overview of routine operation, including startup and shut-down and 
operating parameters; 

6. Routine, preventive, and corrective maintenance procedures; 

7. Lubrication (schedule and type); 

8. Assembly and disassembly procedures; 

9. Troubleshooting procedures; 

10. Parts list; 

11. Special maintenance practices and 

12. Emergency shut-down. 

D. All manuals shall be presented in electronic format per the requirements of 
Section 01330.  All equipment shall be cross referenced to the equipment tag 
identification numbers per Section 01650. 

E. Each Instructor Manual shall contain: 

1. Instructor Manual Cover Page 

2. Instructor Manual Table of Contents (per Sample in Appendix E) 

3. Lesson Plan 

a. Lesson Plan Cover Page (per Sample in Appendix E) 

b. Lesson Plan Summary (per Sample in Appendix E) 

c. Lesson Plan, including 

1) The identity of the target audience (a separate Lesson Plan is 
required for each target audience); 

2) The length of the training program and each topic to be covered; 

3) The performance and/or training objectives; 

4) An outline of the material to be covered; 

5) The training strategies to be used and interaction with the trainees; 
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6) The audio visual and/or support materials required; and 

7) A list of resource and/or reference materials. 

4. A copy of all training aids 

5. A copy of trainee materials (handouts, reference materials, etc.) 

F. With the exception of cutaway models or other items expressly exempted by 
the CM/PM, al1 training aids and trainee materials contained in the Instructor 
Manual or used in the delivery of training shall become the property of the 
City and may be duplicated by the City for its own use. 

G. The Contractor shall provide six copies of any required approvals and/or 
copyright releases obtained from those who own proprietary and/or 
copyrighted materials provided by the Contractor so that the materials can be 
reproduced by the City. 

H. The Contractor shall provide six copies of each Instructor Manual that are 
bound in a three ring binder. 

1.07 TRAINEE MANUAL 

A. The Contractor shall submit a Trainee Manual for each curriculum that 
includes all of the information specified below and written at the journey level 
for electrician specialists, mechanic specialists and instrument technicians, 
and for TCEQ Class B surface water treatment plant operators, or other 
disciplines, depending upon the target audience. 

B. The Trainee Manual shall be consistent with the nomenclature and content of 
the approved Contractor O&M Manual required in Section 01782.  The O&M 
Manual cannot be substituted for the Instructor Manual or Trainee Manual. 

C. The purpose of the Trainee Manual is to provide an organized package of 
information for use by trainees during the training sessions and as reference 
material for operation and maintenance in the future.  The Trainee Manual 
shall include: 

1. Description of the equipment; 

2. Parts and equipment graphics including "exploded" views; 

3. Safety procedures; 

4. Pre-startup checks; 

5. Startup procedures; 
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6. Operation and monitoring procedures including normal operating 
parameters, and the operating limits of the equipment; 

7. Shutdown procedures; 

8. Troubleshooting procedures; 

9. Non-routine emergency procedures and 

10. Safety/Protective equipment required by Trainees. 

D. All manuals shall be presented in electronic format per the requirements of 
Section 01330.  All equipment shall be cross referenced to the equipment tag 
identification numbers per Section 01650. 

E. Each Trainee Manual shall contain: 

1. Trainee Manual Cover Page 

2. Trainee Manual Table of Contents (per Sample in Appendix E) 

3. Lesson Plan 

a. Lesson Plan Cover Page (per Sample in Appendix E) 

b. Lesson Plan Summary (per Sample in Appendix E) 

c. Lesson Plan, including 

1) The identity of the target audience (a separate Lesson Plan is 
required for each target audience); 

2) The length of the training program and each topic to be covered; 

3) The performance and/or training objectives; 

4) An outline of the material to be covered; 

5) The training strategies to be used and interaction with the trainees; 

6) The audio visual and/or support materials required; and 

7) A list of resource and/or reference materials. 

4. A copy of trainee materials (handouts, reference materials, etc.) 
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F. The Contractor shall provide six copies of any required approvals and/or 
copyright releases from those who own proprietary and/or copyrighted 
materials what are provided by the Contractor so that the materials can be 
reproduced by the City. 

G. The Contractor shall provide twenty-five copies of each Trainee Manual that 
are bound in a three ring binder. 

1.08 SESSIONS SCHEDULES, PROCEDURES AND CONTENTS 

A. Schedule 

1. The Contractor shall deliver the training at the times as approved by the 
CM/PM.  Most training will be scheduled Monday through Friday between 
the hours of 7:00 AM and 4:00 PM.  Some training may be required 
between 4:00 pm and 9:00 pm.  No class will be longer than 4 hours.  
Include a 15 minute break every two hours.  However, training that is 
delivered at more than one time to different groups of trainees shall be 
scheduled for different days of the week and at different times so that all 
shifts (11-7, 7-3, 3-11, relief, and training) have access to a session, at no 
additional cost to the City. 

2. Schedule for submittal, review and approval of deliverables shall be in 
accordance with Appendix F - Schedule for Receipt, Review and Approval 
of All Deliverables. 

3. The Training Coordinator shall maintain a calendar of training events 
which defines when each submission as specified in Appendix F for each 
curriculum of Appendix A.  Calendar shall be updated as required. 

B. Training Procedures 

1. The instructor shall arrive at the training site at least one hour before 
training is scheduled to be delivered in order to review the Instructor 
Manual with the class monitor and complete final preparations for 
presentation of the training session.  The instructor shall comply with all 
safety requirements, including wearing a hard hat, safety shoes, and other 
safety and/or personal protective equipment as required. 

a. Information presented in the training program shall be based on the 
Instructor and Trainee Manuals. 
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b. The CM/PM will monitor and evaluate the performance of the instructor 
and the quality of the training session.  Unacceptable sessions are 
those where the approved lesson plan was not presented, where 
inadequate time was taken to present lesson plan or the training was 
not understood by the trainees.  The adequacy of the training shall be 
determined solely by the CM/PM.  Contractor shall repeat any training 
sessions deemed unacceptable, at no additional cost to the City. 

c. A safety debriefing shall be conducted by the instructor prior to use of 
equipment. 

C. Combined Audience Sessions 

1. If the session is to include multiple disciplines, the session shall include all 
items listed in Paragraphs 1.08D and E for each discipline that is included.  
The Instructor Manual and Trainee Manual shall identify all items and 
materials that are appropriate only for a particular discipline. 

D. Operator Sessions 

1. For all operator sessions, the Instructor Manual and Trainee Manual shall 
include: 

a. A description of the equipment and its auxiliary/support systems 
including nomenclature, function, and theory of operation. 

b. Safety requirements for the operation of the equipment and its 
auxiliary/support systems, including suggested safety equipment. 

c. Pre-startup safety and equipment check. 

d. Equipment and auxiliary/support systems startup procedures, including 
manual and automatic modes, where applicable. 

e. Routine operation and monitoring requirements, including, but not 
limited to, specifics on normally expected ranges for items such as oil, 
water pressure and temperatures, discharge pressures, sensory 
observations, and procedures to change operating parameters for air 
for flow rates. 

f. Equipment/systems shut down procedures including manual and 
automatic modes, where applicable. 

g. Operational troubleshooting of equipment and auxiliary/support 
systems. 
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h. Procedures for handling non-routine operational problems including, 
but not limited to, response to alarms, power failures, emergency 
shutdown, auxiliary/support system failures. 

1.09 MAINTENANCE SESSIONS 

A. For all maintenance disciplines, the Instructor Manual and Trainee Manual 
shall include: 

1. A description of the equipment and its auxiliary/support systems including 
nomenclature, function, and theory of operation. 

2. Safety requirements for maintenance of the equipment and its 
auxiliary/support systems that includes suggested safety equipment and 
practices.  The safety requirements shall include, but not be limited to, 
local and remote lockout procedures, safe procedures for handling alarms, 
and built-in safety devices for preventive and corrective maintenance.  

3. An explanation of pre-startup, routine operation monitoring, and shutdown 
procedures, including automatic and manual modes, where applicable. 

B. For each specific maintenance discipline, the Instructor Manual and the 
Trainee Manual shall include: 

1. Preventive maintenance procedures to be followed including, but not 
limited to, parts, lube quantities, types, frequencies, application points, 
time requirements to perform procedures. 
 
NOTE: The information shall be provided to trainees from the Contractor’s 
O & M Manual, which cross-references the manufacturer’s lube 
requirements to the City’s lube requirements.  

2. Specific procedures regarding adjustment requirements for alignment, 
wear, calibration, etc., for all preventive maintenance and corrective 
maintenance procedures. 

3. Special tools, techniques or procedures required for either preventive or 
corrective maintenance of the equipment and auxiliary/support systems. 

4. Assembly/disassembly procedures required for preventive or corrective 
maintenance taught through the use of models, "exploded" views, parts 
lists, hands-on field training, and audio visual materials, including the time 
required to perform the procedures. 

5. Maintenance troubleshooting of equipment and auxiliary/support systems. 
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1.10 QUALITY ASSURANCE 

A. Training Coordinator shall be Certified Environmental Trainer by the National 
Environmental Training Association, and shall have prepared and conducted 
training programs for a minimum of two water and/or wastewater treatment 
facilities within the past three years. 

B. Training Instructors shall have detailed knowledge of the equipment and/or 
systems on which training will be held, factory certified for training, and have 
a minimum of two years of testing and startup experience on equipment 
and/or systems on which training will be held. 

C. Classroom Training will not begin prior to approval of related equipment O&M 
Manual.  Classroom Training shall not be given prior to 30-days before 
Scheduled Functional Testing. 

D. Field observance and hands-on application training will not begin prior to 
complete nomenclature designations per Section 01650. 

E. The City will retain the right to reproduce any and all training materials, 
manuals, video tapes and DVDs. 

F. All overheads, slides, film strips with graphs, diagrams, and/or charts shall: 

1. Focus upon a single learning objective, concept, or idea. 

2. Use progressive disclosure, when appropriate, to focus attention on one 
piece of information at a time; 

3. Be large enough to be seen clearly from the back of the room; 

4. Use colors, larger type, arrows and other mechanisms to add emphasis, 
where appropriate; 

5. Be in focus; 

6. Have a consistent type face throughout unless the type face is changed 
for emphasis; 

7. Consist of 20 or fewer words; 

8. If lists and tables are used, 

a. Contain no more than 3 to 6 lines of type, and contain no more than 6 
to 10 words per line; 

9. If schematics are presented, 
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a. B clear, concise, and uncluttered 

b. Use colors to clarify piping, wiring, etc. 

c. Use colors that are consistent with the plant color coding systems (if 
applicable), 

d. Delete all unnecessary words and legends, and 

e. Use a series of simple schematics instead of more complex ones; and 

f. Be formatted horizontally unless the subject is obviously vertical. 

g. Be in Microsoft Power Point®, for overhead and slides. 

10. All slides, film strips, photographs, videos and DVDs shall: 

a. Meet all criteria described for graphs, diagrams, and charts, where 
applicable; 

b. Be titled and labeled correctly; 

c. Show areas which are clean, uncluttered, and free from safety 
violations; 

d. Have sufficient lighting to provide a clear view of the subject; 

e. Be shot at a range sufficiently close to show all necessary detail; 

f. Contain a person or other identifiable size reference to provide a size 
perspective; 

g. Be oriented horizontal, where possible; and 

h. Be in focus. 

i. Be in Microsoft Power Point®, for slides. 

G. Training will not begin with submittal of complete and approved Certificate of 
Factory Training, as specified herein. 

H. Instructor shall complete a Trainee Sign-In form to be provided by the 
CM/PM. 
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PART 2: PART 2: PRODUCTS – NOT USED 

PART 3: PART 3: EXECUTION – NOT USED 
END OF SECTION 
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APPENDIX A - Vendor Training Requirements 
 
This appendix defines the vendor training to be provided by the Contractor for this Contract. 
 
The column headings are as follows: 
 

Column Contents 
 

A The Curriculum Number. 
 
B The Technical Specification Section Number(s). 
 
C The equipment covered by the Curriculum. 
 
D The length of each training session in the Curriculum.  

(Contact hours are the number of hours required to deliver 
the session one time, including classroom, hands-on, and 
field training.)  Session length shall not exceed four hours. 

 
E The number used to identify each session within the 

curriculum. 
 
F The target audience for whom the training shall be designed. 

 
G The number of times that the session shall be delivered to a 

group of trainees or the number of groups to be trained.  
Group size shall not exceed 15. 

 
H The Number of Instructor Hours needed to deliver each 

session the required number of times (Column D x Column 
G).  The instructor hours show the hours that the instructor is 
in front of a class and do not include instructor preparation, 
curriculum development, travel, or class set-up time. 
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APPENDIX B - Vendor Training Deliverables 
 
A. This appendix lists the training materials to be delivered.  The Contractor is not 

required to resubmit materials that receive full approval in an earlier submission. 
 
APPENDIX C - Statement of Instructor Qualifications 
 
APPENDIX D - Equipment Manufacturer’s Certificate of Factory Training 
 
APPENDIX E - Sample Forms 
 

Sample Form E-1, Instructors'/Trainees' Manual Table of Contents 
Sample Form E-2, Lesson Plan Cover Page 
Sample Form E-3, Lesson Plan Summary 

 
APPENDIX F - Schedule for Receipt, Review, and Approval of All Deliverables 
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APPENDIX A 
 

VENDOR TRAINING REQUIREMENTS 
APPENDIX A:  Vendor Training Requirements 

East Water Purification Plant-Chemical Feed Systems Improvements 
  

Bid Package 2 - Plant 1-2 Improvements 
  

Section Equipment 

Contact 
Hours in 

Each 
Session 

Target Audience for Whom the 
Curriculum Shall be Designed 

Number of 
Times the 
Curriculum 
is Delivered 

Total 
Instructor 

Hours 

  
11063 

Self Priming 
Centrifugal Pumps 

4                        
4                          
4 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                        
1                          
1 

12 

  
11065 

Pumping Equipment: 
Sump Pumps 

4                        
4                          
4 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                        
1                          
1 

12 

  
11077 

Pumping Equipment: 
Seal-Less Magnetic 
Drive Pumps 

4                        
4                          
4 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                        
1                          
1 

12 

  
11078 

Pumping Equipment: 
Diaphragm Metering 
Pumps 

4                        
4                          
4 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                       
1                          
1 

12 

  
11080 

Pumping Equipment: 
Hose Pumps 

4                        
4                          
4 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                       
1                          
1 

12 

  
11373 Mixers 

4                        
4                          
4 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                        
1                          
1 

12 

  
13201 

Plastic Chemical 
Storage Tanks 

2                        
2                           

4a                        
4b                           

Operators               
Maintenance Staff         

1                       
1                         4 

  
13202 

Stainless Steel 
Chemical Storage 
Tanks 

2                        
2                          

4a                        
4b                           Operators               

Maintenance Staff         

1                       
1                         4 

  
15040 

Heating, Bentilating 
and Air Conditioning 

2                        
2                          
2 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                                     
1                               
1 

6 

  
15071 

Vibration Controls for 
HVAC 

2                        
2                          
2 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                                     
1                               
1 

6 

  
15076 

Identification for 
HVAC Piping and 
Equipment 

2                        
2                          
2 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                                     
1                               
1 

6 

  
15102 Plug Valves 3                        

3                           
4a                        
4b                           

Operators               
Maintenance Staff         

1                       
1                         6 
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Bid Package 2 - Plant 1-2 Improvements 

  
  
15104 Ball Valves 3                        

3                           
4a                        
4b                           

Operators               
Maintenance Staff         

1                       
1                         6 

  
15106 Check Valves 3                        

3                           
4a                        
4b                           

Operators               
Maintenance Staff         

1                       
1                         6 

  
15114 Miscellaneous Valves 3                        

3                           
4a                        
4b                           

Operators               
Maintenance Staff         

1                       
1                         6 

  
15732 

Rooftop Air 
Conditioners 

2                        
2                          
2 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                      
1                          
1 

6 

  
15736 

Packaged Terminal 
Air Conditioners 

2                        
2                          
2 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                      
1                          
1 

6 

  
15767 

Propeller Unit 
Heaters 

2                        
2                          
2 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                      
1                          
1 

6 

  
15838 

HVAC Power 
Ventilators 

2                        
2                          
2 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                      
1                          
1 

6 

  
15855 

Diffusers, Registers, 
and Grilles 

2                        
2                           

4a                        
4b                           

Operators               
Maintenance Staff         

1                       
1                         4 

  
15950 

Testing, Adjusting, 
and Balancing for 
HVAC 

2                        
2                          
2 

4a                        
4b                          
4c 

Operators               
Maintenance Staff        
Electrical/Instrumentation 

1                      
1                          
1 

6 

  
16125 Heat Tracing Cable 4 4c Electrical/Instrumentation 1 4 

  
16161 Panel Boards 6 4c Electrical/Instrumentation 1 6 

  
16171 Low Voltage Motors 6 4c Electrical/Instrumentation 1 6 

  
16460 

Transformers 600 
Volts and Less 6 4c Electrical/Instrumentation 1 6 

  
16475 

Overcurrent 
Protective Devices 6 4c Electrical/Instrumentation 1 6 

  
16476 

Disconnects and 
Circuit Breakers 6 4c Electrical/Instrumentation 1 6 
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APPENDIX B: Vendor Training Deliverables 

Deliverables for Each Curriculum 
Delivery Schedule 

1st 
Submission 2nd Submission 

3rd 
Submission 

1. Statement of Instructor 
Qualifications X   

2. Instructor Manual/Lesson Plan    
    

a. Cover/Spine Identification  X X 
b. Table of Contents X X X 
c. Lesson Plan    
    

1. Lesson Plan Coverage Page X X X 
2. Lesson Plan Summary X X X 
3. Lesson Plan X X X 
    
 Training Strategy    
 Training Outline    
    

d. Training Aids  X X 
e. Trainee Materials  X X 

3. Trainee Manual    
    

a. Cover/Spine Identification X X X 
b. Table of Contents  X X 
c. Lesson Plan    
    

1. Lesson Plan Cover Page*  X X 
2. Lesson Plan Summary*  X X 
3. Lesson Plan  X X 
    
 Training Strategy*    
    

d. Training Materials*  X X 
    

*These materials are the same as 
those found in the Instructor Manual    
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APPENDIX C 
STATEMENT OF INSTRUCTOR QUALIFICATIONS 
Training Instructor Name: ____________________ 

Construction Package:  EWPP Plant 1-2 Chemical Feed Systems Improvements 
Technical Specification Name 
and Number: 

 

Equipment 
  

Trainees: 

 

No. of Groups: _______ No. of Sessions: 
 

Factory and/or Equipment Training:  Type of Training and Date Attended: 
Type of Training Training Provider Dates Attended 

   

   

   

Record of Work Experience Related to _____________________________ 
Employer Name/Address Job Title and Duties Dates Employed 

   

   

   

Record of Training and Instructional Experience 

Employer Name/Address 
Job Title/Duties/Type of 

Training 
Provided/Audience 

Dates Employed 

   

   

   

Project Training References: Project 1 Project 2 
Project Name:   
Location:   
Contact Person Name:   
Contact Telephone:   
Contact Person’s Role During 
P j t  

  
Dates of Training:   
Duties/Type of Training 
P id d  
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APPENDIX D 

 
EQUIPMENT MANUFACTURER'S CERTIFICATE OF FACTORY TRAINING 

 
 

Owner:   

Project:   

Contact No.   

 

EQUIPMENT SPECIFICATION SECTION   

EQUIPMENT DESCRIPTION    

 , Authorized representative 
of 

(Print Name) 

   
(Printed Manufacturer’s Name) 

hereby CERTIFY that    
(Print equipment name and model with Serial No.) 

has been satisfactorily tagged and that City operating personnel have been suitably 
instructed on the operation, lubrication, and care of the units on: 

Date:   
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APPENDIX E 
 

SAMPLE FORMS 
 
 
E-1 - Instructor's/Trainee's Manual Table of Contents 
E-2 - Lesson Plan Cover Page 
E-3 - Lesson Plan Summary 
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Sample Form E-1, Instructor’s/Trainee’s Manual Table of Contents 
 

CITY OF HOUSTON 
EAST WATER PURIFICATION PLANT-CHEMICAL FEED SYSTEMS 

IMPROVEMENTS 
 

INSTRUCTION’S MANUAL 
OR TRAINEE’S MANUAL 

 
EWPP OPERATORS 

 
__________________ 

 
TABLE OF CONTENTS 

 
Section Title
 Page 
 

1. Lesson Plan/Coverage Page ................................................................................... 
 

2. Lesson Plan Summary ............................................................................................ 
 
3. Lesson Plan Topic 1:  Overview of Centrifugal Primary Sludge Pump .................... 
 
4. Topic 1 Training Aids: 
 

 PowerPoint Slide 1:  Training Agenda ................................................................  
 PowerPoint Slide 2:  EWPP Process Flow Diagram ...........................................  
 PowerPoint Slide 3:  Diagram of Stacked Clarifier, Pumps, Piping and Valves ..  
 PowerPoint Slide 4:  Schematic Detail:  Primary Sludge Pump ..........................  
 PowerPoint Slide 5:  Schematic Detail:  Split Mechanical Seal ...........................  
 PowerPoint Slide 6:  Schematic Detail:  Steelflex Coupling ................................  
 PowerPoint Slide 7:  Schematic Detail:  Gear Reducer Drive .............................  
 PowerPoint Slide 8:  Schematic Detail:  Primary Sludge Pump Motor ................  
 PowerPoint Slide 9:  Technical Specifications Model CE Torque Flow Pump ....  
 PowerPoint Slide 10: Typical Pump Performance Curve (THD vs GMP) ............  
 PowerPoint Slide 11: Pump Performance Curves for 10”, 11:, and 12” 

Impellers .............................................................................................................  
 PowerPoint Slide 12: Pump Performance Curve with Efficiency Curves 

Superimposed .....................................................................................................  
 PowerPoint Slide 13: Pump Performance Curve with Horsepower Curves ........  
 
 Video 1:  Centrifuge Pump Parts 

 
5. Topic 1 Trainee Materials 
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 Handout 1:  Training Agenda .......................................................................  
 Handout 2:  Reprint of “Let’s Build a Pump” .................................................  
 Handout 3:  EWPP Process Flow Diagram ..................................................  
 Handout 4:  Diagram of Stacked Clarifier, Pumps, Piping, and Valves ........  
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Sample Form E-1, Instructor’s/Trainee’s Manual Table of Contents 
 

INSTRUCTION’S MANUAL 
OR TRAINEE’S MANUAL 

 
EWPP OPERATORS 

 
__________________ 

 
TABLE OF CONTENTS 

 
Section Title
 Page 
 

 Handout 5:  Schematic: Primary Sludge Pump System Overview ...............  
 Handout 6:  Schematic Detail: Primary Sludge Pump ..................................  
 Handout 7:  Schematic Detail: Split Mechanical Seal ...................................  
 Handout 8:  Schematic Detail: Steelflex Coupling ........................................  
 Handout 9:  Schematic Detail: Gear Reducer Drive .....................................  
 Handout 10: Schematic Detail: Primary Sludge Pump Motor .......................  
 Handout 11: Technical Specifications Model CE Torque Flow Pump ..........  
 Handout 12: Typical Pump Performance Curve (THD vs GPM) ...................  
 Handout 13: Pump Performance Curves for 10”, 11” and 12” Impellers.......  
 Handout 14: Pump Performance Curve with Efficiency Curves 

Superimposed ...........................................................................................  
 Handout 15: Pump Performance Curve with Horsepower Curves ...............  

 
6. Lesson Plan Topic 2:  Safety Requirements and Procedures .........................  

 
Continue the Table of Contents for the remaining topics, training aids, and 
trainee materials. 
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Sample Form E-2, Lesson Plan Cover Page 
 

CITY OF HOUSTON 
EAST WATER PURIFICATION PLANT-CHEMICAL FEED SYSTEMS IMPROVMENTS 

 
LESSON PLAN 

 
EWPP OPERATORS 

 
________________________ 
TAG NUMBERS:__________ 

 __________ 
 LOCATION: ________________________ 
 TECHNICAL SPECIFICATION_________ 
 
 Contractor: __________________________ 

 
  
 
Target Audience: EWPP Operators (5 groups, 15 operators in each) 
 
Objective: At the end of the training, WTP operators will be able to 

operate (startup, monitor, shutdown, and troubleshoot) 
_______________ pumps safely and according to the 
manufacturer’s specifications. 

 
Total Training Time: One, four-hour session:  classroom – 1 hour, field 

demonstration – 3 hours 
 
Schedule Delivery Dates: Group 1, Session 1:   
 Group 2, Session 1:   
 Group 3, Session 1:   
 Group 4, Session 1:   
 Group 5, Session 1:   
 
Field Locations: Session 1:   
 
City Supplies Classroom: Proxima projector, compatible with laptop 

computer 
Equipment and Support  Easel, flip chart, markers, and masking tape 
Materials  Dry erase board and markers 
  Television VCR/DVD Player 
 
 Field Site: Three easels, flip charts and sets of markers 
  Dry erase board, easel, and markers 
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Vendor Supplied “Cutaway” model of pump 
Equipment and Support 
Equipment 
 
Approvals/Releases for     
Reproduction:     
Notes/Special Instructions:      
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Sample Form E-3, Lesson Plan Summary:  Operator, _________________________ 
Pump Training 
  
 
Topic 1: Overview of a centrifugal, recessed impeller, friction disc drive,   
 pump; function; theory of operation; nomenclature; and auxiliary 

support systems. 
 
Time and Site: 60 minutes, classroom training, including a 10 minute break. 
 
Specific Objectives: At the end of the training, the operator will be able to: 
 

 describe the pump’s location, function, and theory of operation; 
and 

 identify the pump’s parts and auxiliary support systems. 
 

Subtopic Content 
Training Strategy 

Outline Media and Handouts 
Introductions EWPP staff introduces 

instructor --- --- 

Training Agenda Review learning 
objectives and topics 

Lecture/question
s 

PowerPoint Presentation 
and Handout Training 

Agenda 
Theory of 
Operation “Let’s Build a Pump” Warm up 

Exercise 
Handout Reprint 

Filmstrip”  “Pump Parts” 
Location/function 
of primary sludge 

pumps 
EWPP Process Flow Audience 

discussion 

PowerPoint Presentation 
and Handout EWPP 

Process Flow Diagram 

 

Overview of primary 
clarifier, function and 

location of sludge pumps, 
suction and discharge 

piping, and valves 

Audience 
discussion 

PowerPoint Presentation 
and Handout Diagram of 
stacked clarifier, sludge 

pumps and piping 

Pump’s parts and 
nomenclature 

Schematic diagrams of 
pump, recessed impeller, 
coupling, variable speed 

drive motor, and split 
mechanical seals 

Exercise:  Name 
that part 

Cutaway model:  pump, 
impeller, coupling, 

motor, and friction disc 
drive unit Handout 

Schematics with part 
names and purpose 

Technical 
Specifications 

Pump specifications, 
performance and 
efficiency curves 

Lecture and 
Class discussion 

PowerPoint Presentation 
and handout Pump 

specifications, 
performance and 
efficiency curves 

--- --- 10 Minute Break --- 
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APPENDIX F 
 

SCHEDULE FOR RECEIPT, REVIEW AND 
APPROVAL OF ALL DELIVERABLES 

Appendix F – Schedule for Receipt, Review, and Approval of All Deliverables 
 

Deliverable Prepared By 

Due Date:  Number of 
Days before First 

Session is Delivered 
First Submission Equipment 180 days 
 Statement of Instructor Qualifications   
 Equipment Manufacturer’s Certificate of Factory 

Training   

 Lesson Plan/Instructor Manual   

 Draft Lesson Plan   
 Draft Table of Contents for Manual   

 Trainee Manual:  Draft Table of Contents   

First Submission:  Review, Approve and Comment CM/PM 150 days 

Second Submission Equipment 120 days 

 Lesson Plan/Instructor Manual   

 Draft Manual   
 Revised Draft Lesson Plan   

 Trainee Manual:  Draft Manual   

Second Submission:  Review, Approve and Comment CM/PM 90 days 

Lesson Plan/Instructor Manual Equipment 
Vendor 60 days 

 Lesson Plan/Instructor Manual   

 Final Lesson Plan   
 Final Manual   

 Trainee Manual:  Final Manual   

Final Approval of all Deliverables and Final 
Confirmation of Training Session Delivery Dates CM/PM 30 days 

FIRST TRAINING SESSION DELIVERED Equipment 
Vendor T 

T:  Date Training is Delivered for the First Time 
 

END OF SECTION 
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Curriculum 
Number

Technical 
Specification Equipment

Contact 
Hours in 

Each 
Session

Number of 
Times the 

Curriculum is 
Delivered

Total Instructor 
Hours

11061 Centrigugal Pumps
4                        
4                          
4

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                        
1                          
1

12

11063 Self Priming Centrigugal Pumps
4                        
4                          
4

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                        
1                          
1

12

11065 Pumping Equipment: Sump Pumps
4                        
4                          
4

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                        
1                          
1

12

11077 Pumping Equipment: Seal-Less 
Magnetic Drive Pumps

4                        
4                          
4

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                        
1                          
1

12

11078 Pumping Equipment: Diaphragm 
Metering Pumps

4                        
4                          
4

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                       
1                          
1

12

11080 Pumping Equipment: Hose Pumps
4                        
4                          
4

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                       
1                          
1

12

11350 Ventrui Gas Scrubber System
4                        
4                          
4

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                        
1                          
1

12

11373 Mixers
4                        
4                          
4

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                        
1                          
1

12

13201 Plastic Chemical Storage Tanks 2                        
2                          

4a                        
4b                          

Operators               
Maintenance Staff        

1                       
1                        4

13202 Stainless Steel Chemical Storage 
Tanks

2                        
2                         

4a                        
4b                          

Operators               
Maintenance Staff        

1                       
1                        4

15040 Heating, Ventilating and Air 
Conditioning

2                        
2                          
2

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                                     
1                               
1

6

15071 Vibration Controls for HVAC
2                        
2                          
2

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                                     
1                               
1

6

Target Audience for Whom the 
Curriculum Shall be Designed

APPENDIX A:  Vendor Training Requirements
East Water Purification Plant-Chemical Feed Systems Improvements
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Column A Column B Column C Column D Column E Column F Column G Column H

Curriculum 
Number

Technical 
Specification Equipment

Contact 
Hours in 

Each 
Session

Number of 
Times the 

Curriculum is 
Delivered

Total Instructor 
Hours

Target Audience for Whom the 
Curriculum Shall be Designed

APPENDIX A:  Vendor Training Requirements
East Water Purification Plant-Chemical Feed Systems Improvements

15076 Identification for HVAC Piping and 
Equipment

2                        
2                          
2

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                                     
1                               
1

6

15102 Plug Valves 3                        
3                          

4a                        
4b                          

Operators               
Maintenance Staff        

1                       
1                        6

15104 Ball Valves 3                        
3                          

4a                        
4b                          

Operators               
Maintenance Staff        

1                       
1                        6

15106 Check Valves 3                        
3                          

4a                        
4b                          

Operators               
Maintenance Staff        

1                       
1                        6

15114 Miscellaneous Valves 3                        
3                          

4a                        
4b                          

Operators               
Maintenance Staff        

1                       
1                        6

15738 Split System Air Conditioners
2                        
2                          
2

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                      
1                          
1

6

15767 Propeller Unit Heaters
2                        
2                          
2

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                      
1                          
1

6

15838 HVAC Power Ventilators
2                        
2                          
2

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                      
1                          
1

6

15950 Testing, Adjusting, and Balancing for 
HVAC

2                        
2                          
2

4a                        
4b                          
4c

Operators               
Maintenance Staff        
Electrical/Instrumentation

1                      
1                          
1

6

16161 Panel Boards 6 4c Electrical/Instrumentation 1 6
16171 Low Voltage Motors 6 4c Electrical/Instrumentation 1 6
16460 Transformers 600 Volts and Less 6 4c Electrical/Instrumentation 1 6
16475 Overcurrent Protective Devices 6 4c Electrical/Instrumentation 1 6
16476 Disconnects and Circuit Breakers 6 4c Electrical/Instrumentation 1 6
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SECTION 01750 

TESTING CONCRETE STRUCTURES FOR WATERTIGHTNESS 

PART 1: GENERAL 

1.01 DESCRIPTION 

A. General: 

1. Furnish all labor, materials, tools, equipment, and services, for all testing 
of concrete structures for watertightness, in accord with provisions of 
Contract Documents. 

a. Test all structures to contain liquids, including secondary containment, 
unless specifically exempted herein. 

2. Completely coordinate with work of all other trades. 

3. Although such work is not specifically indicated, furnish and install all 
supplementary or miscellaneous items, appurtenances and devices 
incidental to or necessary for a sound, secure and complete leak test. 

B. Source of water for watertightness testing: 

1. Coordinate use of water for filling basins with Owner. 

2. The source of water will be Plant Utility Water. 

3. The cost of providing water will be paid by the Owner. 

a. The cost of additional water due to retesting will be paid by the 
Contractor. 

C. Related Sections include but are not necessarily limited to: 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.  

2. Division 1 - General Requirements. 

3. Division 3 - Concrete. 

1.02 QUALITY ASSURANCE 

A. Reference Standards: 
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1. American Concrete Institute (ACI): 

a. 350.1, Tightness Testing of Environmental Engineering Concrete 
Structures & Commentary. 

B. Testing: 

1. Provide watertightness testing for the following structures in accordance 
with the indicated criteria: 

a. Where no elevation is given for "WATER ELEVATION AT 
COMMENCEMENT OF TEST PERIOD" use the normal operating 
water elevation for the indicated structure. 

 

STRUCTURE NAME 
or  TYPE 

 
 

WATER ELEVATION 
AT COMMENCEMENT 

OF TEST PERIOD 

 
MAXIMUM WATER 

LEAKAGE ALLOWED 
IN 

TEST PERIOD 
(PERCENT OF 

TOTAL VOLUME) 

Area 21 - North Lime 
Storage and 
Transfer Facility   

 
0.xxx% 

Area 26- South Lime 
Storage and 
Transfer Facility   

 
0.xxx% 

C. Perform a watertightness test as required by Engineer on any additional 
structure when in the opinion of the Engineer the structure contains sufficient 
concrete defects that could impair the watertightness of the structure. 

1. Testing to conform to requirements of this Section with allowable leakage 
and other criteria as established by Engineer. 

2. Pay for all costs resulting from this additional testing. 

D. Comply with all requirements of ACI 350.1 unless otherwise modified herein. 

1.03 SUBMITTALS 

A. Shop Drawings: 
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1. See Section 01340. 

2. Watertightness testing plan: 

a. Plan shall include: 

1) Scheduling for testing. 

2) Description of testing apparatus for measuring water level in 
structure and evaporation pan. 

a) Include Drawings (plans, sections and details) as appropriate to 
fully describe apparatus. 

3) Location plan showing measurement location and evaporation pan 
location. 

4) Procedures for isolation of tank or compartments to assure a 
constant volume during testing. 

5) Narrative describing testing procedure. 

6) Calculations showing: 

a) Total structure volume at water elevation for commencement of 
test period. 

b) Maximum water leakage allowed. 

c) Test period (See ACI 350.1). 

7) Plan shall be in accordance with ACI 350.1, Chapters 1 and 2. 

3. If structure has running water leaks or fails watertightness test, submit 
repairing and patching plan. 

a. Include with plan: 

1) Location and areas of leaks. 

2) Repair material and procedures proposed for repair. 

3) Photographs of all visible leaks and damp areas.  Include distant 
photos and close-ups to document conditions. 

B. Miscellaneous Submittals: 

1. Results of watertightness testing indicating the following: 
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a. Level of water in structure and in evaporation pan and water 
temperature at commencement of test period. 

b. Level of water in structure and in evaporation pan and water 
temperature at end of test period. 

c. Net leakage in percent of total volume during test period (gross 
leakage minus that due to evaporation). 

d. Results of retesting required due to leakage exceeding percentages 
allowed. 

PART 2: PRODUCTS 

2.01 MATERIALS 

A. Water for Testing:  See ACI 350.1 

1. Wastewater plant: Raw or  treated effluent water. 

2. Water treatment: Potable water. 

3. Coordinate delivery of water for testing with Owner. 

B. Any patching or repair materials that may come into contact with potable 
water in tanks shall be approved for drinking water per NSF, UL, USDA, or 
WQA. 

PART 3: EXECUTION 

3.01 PREPARATION BEFORE TESTING 

A. General. 

1. Verify the specified 28-day concrete strength has been achieved prior to 
testing. 

2. Testing to be performed prior to placement of exterior backfill soil. 

a. Contractor is responsible for phasing construction to minimize the 
impact of leak testing. 

3. Contractor to furnish all necessary materials (such as flange cover plates). 

4. Testing to be performed prior to application of specified waterproofing 
cementious finishing product. 
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5. Prepare for test per ACI 350.1 and as required in the specification section. 

B. Cleaning: 

1. Thoroughly clean interior of structure to be tested of all debris and dirt and 
hose down surfaces of all walls and slabs. 

C. Patching and finishing: 

1. Prepare concrete surfaces in accordance with ACI 350.1. 

a. Review tank for areas of potential leakage before filling for testing for 
leakage. 

3.02 TESTING FOR LEAKAGE 

A. Test for leakage in accordance with ACI 350.1, latest edition, Chapters 1 and 
2, and this Specification. 

1. Isolate sections of structures that can be isolated during operation.  Test 
section separately. 

2. Allow Owner's Representative to witness testing for watertightness and 
review accompanying results. 

B. Place evaporation pan in an easily accessible location. 

C. Record level of water in structure and evaporation pan and water temperature 
at commencement of the test period. 

D. During testing period, inspect structure for areas indicating leakage. 

1. Any areas evidencing running water to be repaired and patched. 

2. Patching or repair of leaks as defined above shall be completed 
independent of the watertighness test. 

a. Passing watertightness test does not relieve Contractor from repairing 
running water leaks. 

E. Record level of water surface in the structure and evaporation pan and 
temperature every 24 HRS until end of test period. 

1. Test periods defined per ACI 350.1. 

F. If leakage is greater than that allowed, repair and patch areas suspected of 
causing the leakage. 
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1. Re-test structure using the same procedure until leakage is equal to or 
less than that allowed. 

2. Provide repair plan to Engineer for approval prior to repair of tank. 

3. Cracks suspected to cause leakage to be filled with epoxy adhesive. 

4. Patching to be performed after defective concrete area is cleaned of all 
loose material to surface of sound concrete. 

5. Prior to patching activities, Contractor to submit patching materials and 
procedures for review and approval by Engineer. 

G. Dispose of water used for testing. 

1. Dispose of water used for testing to an area which will not damage new or 
existing construction and will not interfere with construction operations or 
plant operations. 

2. Provide hoses, temporary connections, temporary fittings and other 
conduits as necessary to dispose of test water without damage to 
structure or terrain. 

3. Point of disposal to be approved by Engineer. 

3.03 PAYMENT 

A. Contractor to pay all costs required for testing,  retesting, patching, repair and 
work required to provide access for repair as required to meet watertightness 
requirements specified or indicated. 

 
END OF SECTION 
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SECTION 01775 

WARRANTIES AND BOND 

PART 1: GENERAL 

1.01 SECTION INCLUDES 

A. This section specifies general administrative and procedural requirements for 
warranties and bonds required by the Contract Documents, including 
manufacturer’s standard warranties on products and special warranties. 

B. The Contractor shall provide the Owner with a 1-year 10% maintenance bond 
for work associated with this project unless otherwise specified in the 
individual Sections of Division 02 through 16. 

1.02 RELATED WORK 

A. Refer to Conditions of Contract for the general requirements relating to 
warranties and bonds.  

B. General closeout requirements are included in Section 01770.  

C. Certifications and other commitments and agreements for continuing services 
to Owner are specified elsewhere in the Contract Documents.  

1.03 SUBMITTALS 

A. Submit written warranties to the Owner prior to Substantial Completion. If the 
certificate of substantial completion designates a commencement date for 
warranties other than the date of substantial completion for the work or a 
designated portion of the work, submit written warranties upon request of the 
Owner. 

B. When a designated portion of the Work is completed and occupied or used by 
the owner, by separate agreement with the Contractor during the construction 
period, submit properly executed warranties to the Owner within 15 days of 
completion of that designated portion of the Work. 

C. Refer to individual Sections of Divisions 02 through 16  for specific content 
requirements and particular requirements for submittal of special warranties. 
When a special warranty is required to be executed by the Contractor or the 
Contractor and a subcontractor, supplier or manufacture, prepare a written 
document that contains appropriate terms and identification, ready for 
execution by the required parties. Submit a draft to the Owner for approval 
prior to final execution.  
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D. At final completion, compile two copies of each required warranty and bond 
properly executed by the Contractor, subcontractor, supplier, or manufacturer. 
Organize the warranty documents into an orderly sequence based on the 
table of contents of the Project Manual.  

E. Bind warranties and bonds in heavy duty, commercial quality, expanding post 
binders by Keysan, Sprintpost binders by Itoya or equal. Thickness shall be 
as necessary to accommodate contents and sized to receive 8-1/2in by 11-in 
paper.  

F. Table of Contents:  Neatly typed, in the sequence of the Table of Contents of 
the Project Manual, with each item identified with the number and title of the 
specification Section in which specified and the name of the product or work 
item. 

G. Provide heavy paper dividers with celluloid covered tabs for each separate 
warranty. Mark the tab to identify the product or installation. Provide ta typed 
description of the product or installation, including the name of the product 
and the name, address and telephone number of the installer, supplier and 
manufacturer. 

H. Identify each binder on the front and spine with the typed or printed title 
“WARRANTIES AND BONDS”, the project title or name and the name, 
address and telephone of the Contractor. 

I. When operating and maintenance manuals are required for warranted 
construction, provide additional copies of each required warranty, as 
necessary for inclusion in each required manual. 

J. Schedule of Special Warranties. 

1.04 WARRANTY REQUIREMENT 

A. Related damages and losses: When correcting warranted Work that has 
failed, remove and replace other Work that has been damaged as result of 
such frailure or that must be removed to provide access for correction of 
warranted Work. 

B. Reinstatement of Warranty: When Work covered by a warranty has failed and 
been corrected by replacement or rebuilding, reinstate the warranty by written 
endorsement. The reinstated warranty shall be equal to the original warranty 
with an equitable adjustment for depreciation. 
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C. Replacement Cost: Upon determination that work covered by warranty has 
failed, replace or rebuild the work to an acceptable condition complying with 
requirements of contract documents. The contractor is responsible for the 
cost of replacing or rebuilding defective Work regardless of whether the 
owner has benefited from use of the work through a portion of its anticipated 
useful service life.  

D.  Owner’s Recourse: Written warranties made to the Owner are in addition to 
implied warranties, and shall not limit the duties, obligations rights and 
remedies otherwise available under the law, nor shall warranty periods be 
interpreted as limitations on time in which the Owner can enforce such other 
duties, obligations, rights or remedies. 

E. Rejection of Warranties: The owner reserves the right to reject warranties and 
to limit selections to products with warranties not in conflict with requirements 
of the Contract documents.  

F. The owner reserves the right to refuse to accept Work for the project where a 
special warranty, certification, or similar commitment is required on such 
Work or part of the Work, until evidence is presented entities required to 
countersign such commitments are willing to do so. 

G. Disclaimers and Limitations: Manufacturer’s disclaimers and limitations on 
product warranties do not relieve the Contractor of the warranty on the Work 
that incorporates the products, nor does it relieve suppliers, manufacturers 
and subcontractors required to countersign special warranties with the 
Contractor. 

1.05 DEFINITIONS 

A. Standard Product Warranties are preprinted written warranties published by 
individual manufacturers for particular products and are specifically endorsed 
by the manufacturer to the Owner. 

B. Special Warranties are written warranties required by or incorporated in the 
Contract Documents, either to extend time limits provided by standard 
warranties or to provide greater rights for the Owner. 

PART 2: PRODUCTS  – NOT USED 

PART 3: EXECUTION – NOT USED 
 

END OF SECTION 
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SUPPLMENTARY SPECIFICATION 

SECTION 01782S 
 

OPERATION AND MAINTENANCE DATA 
 

The following supplement modifies Specification Section 01782. Where a portion of the 
Specification is modified or deleted by this Supplementary Specification, the unaltered  portions 
of the Specification shall remain in effect. 
 
1.  Delete Paragraph 1.03 B. and replace with the following: 
 

"B. Submit three (3) copies for review and eight (8) copies final. All drawings larger than 11 
inches x 17 inches shall include a reproducible sepia for review, mark-up and 
reproduction.  Submit all documents in a 3-ring binder with durable plastic covers except 
for sepias.  Provide a cover page that has minimum of75% of the space available for 
approval stamps and comments." 

 
2.  Delete Paragraphs 1.03 F, G and Hand replace with the following: 
 

"F.  Within one month prior to scheduling training of the owner's staff and prior to placing the 
equipment in service, submit three (3) copies of O&M manual and parts for review. 

 
G.  The Contractor is responsible for producing an O&M manual both written format and in 

electronic format on a CD ROM Drive. O&M print manual and CD ROM should be in 
latest version of Microsoft Word and on other industry standard software for viewing 
charts, graphics on other material that are not compatible with Microsoft Word. 
Contractor to supply the additional software other than Microsoft Word. Price of manuals 
and hours is included in the lump sum bid. 

 
H.  Revise and resubmit eight (8) final volumes within 10 days after final inspection.  The 

Contractor shall include as part of the O&M manual a video of the training, equipment 
maintenance, repair and service procedures. This video shall be provided on the CD 
ROM for viewing with all necessary software." 

 
END OF SUPPLEMENT 

 
Approved by: 
 
             
Hamlet Hovsepian, P.E.      Date: 
Assistant Director 
Engineering and Construction Division 
Department of Public Works and Engineering 
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SECTION 01800 

OPENINGS AND PENETRATIONS IN CONSTRUCTION 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Methods of installing and sealing openings and penetrations in 
construction. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of 
the Contract. 

2. Division 01 - General Requirements. 

3. Section 07900 - Joint Sealants. 

4. Section 09905 - Painting and Protective Coatings. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Concrete Institute (ACI): 

a. 318, Building Code Requirements for Structural Concrete. 

2. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless. 

3. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC): 

1) Article 501, Class 1 Locations. 

b. 90A, Standard for Installation of Air Conditioning and Ventilating 
Systems. 
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4. Sheet Metal and Air Conditioning Contractors' National Association 
(SMACNA). 

B. Assure all firestopping materials are in full compliance with Division 7. 

C. Obtain prior approval from Engineer when any opening larger than 100 SQ IN 
must be made in existing or newly completed construction. 

1.03 DEFINITIONS 

A. Hazardous Areas:  Areas shown in the Contract Documents as having Class I 
or Class II area classifications. 

B. Washdown Areas:  Areas having floor drains or hose bibs. 

C. Chemical Containment Areas: Areas used as secondary containment housing 
chemical storage tanks and pumping equipment.  

1.04 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01340 for requirements for the mechanics and 
administration of the submittal process. 

2. For each structure provide dimensioned or scaled (minimum 1/8 IN = 1 
FT) plan view drawings containing the following information: 

a. Vertical and horizontal location of all required openings and 
penetrations. 

b. Size of all openings and penetrations. 

c. Opening type. 

d. Seal type. 

3. Manufacturer's installation instructions for standard manufactured 
products. 

PART 2: PRODUCTS 

2.01 MATERIALS 

A. Pipe Sleeves:  Steel, ASTM A53, Schedule 40, black. 
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B. Pipe Sleeves Penetrating into Corrosive Areas:  Type 316 stainless steel, 1/4 
IN minimum thickness. 

C. Backing Rod and Sealant:  See Specification Section 07900. 

D. Modular Mechanical Seals: 

1. Acceptable manufacturers: 

a. Link-Seal. 

2. 316 stainless steel bolts, nuts and washers. 

E. Firestopping Material:  See Specification Section 07840. 

F. Sheet Metal Sleeves:  Steel, ASTM A36, 12 GA. 

G. Commercial Wall Castings: 

1. For unclassified areas both sides of penetration: 

a. Ductile iron, class equal to connecting piping system. 

2. For wet/corrosive areas either side of penetration: 

a. Stainless steel, 304L. 

PART 3: EXECUTION 

3.01 INSTALLATION AND APPLICATION 

A. Perform HVAC penetrations in accordance with NFPA 90A. 

B. Perform electrical penetrations in accordance with NFPA 70, Article 501. 

C. Install sleeves and castings in accordance with ACI 318, Chapter #6. 

D. Hot dip galvanize in accordance with Specification Section 05505 (or paint in 
accordance with Specification Section 09905) all steel sleeves installed. 

E. When mechanical or electrical work cannot be installed as structure is being 
erected, provide and arrange for building-in of boxes, sleeves, insets, fixtures 
or devices necessary to permit installation later. 

1. Lay out chases, holes or other openings which must be provided in 
masonry, concrete or other work. 
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F. Where pipes, conduits or ducts pass through floors in washdown areas, install 
sleeves with top 3 IN above finish floors. 

1. In non-washdown areas, install sleeves with ends flush with finished 
surfaces. 

G. Size sleeves, blockouts and cutouts which will receive sealant seal such that 
free area to receive sealant is minimized and seal integrity may be obtained. 

H. For insulated piping and ducts, size sleeves, blockouts and cutouts large 
enough to accommodate full thickness of insulation. 

I. Do not cut into or core drill any beams, joists, or columns. 

J. Do not install sleeves in beams, joists, or columns. 

K. Do not install recesses in beams, joists, columns, or slabs. 

L. Field Cutting and Coring: 

1. Saw or core drill with non-impact type equipment. 

2. Mark opening and drill small 3/4 IN or less holes through structure 
following opening outline. 

3. Sawcut opening outline on both surfaces. 

a. Knock out within sawcuts using impact type equipment. 

b. Do not chip or spall face of surface to remain intact. 

c. Do not allow any overcut with saw kerf. 

M. Precast-Prestressed Concrete Construction: 

1. Do not cut openings nor core drill vertically or horizontally through stems 
of members. 

2. Do not locate or install sleeves or recess sleeves vertically or horizontally 
through or in stems of members. 

3. Cast openings and sleeves into flanges of units. 

4. Cast openings larger than 6 IN in diameter or 6 IN maximum dimension in 
units at time of manufacture. 

5. Cast openings smaller than 6 IN in diameter or 6 IN maximum dimensions 
in flanges of units at time of manufacture or field cut. 
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N. Where alterations are necessary or where new and old work join, restore 
adjacent surfaces to their condition existing prior to start of work. 

O. Provide waterstop plate/anchor flange for piping, ducts, castings and sleeves 
cast-in-place in concrete. 

1. For fabricated units, weld plate to sleeve, pipe, or ductwork. 

2. For commercial castings, cast water stop/anchor with wall pipe. 

3. Plate is to be same thickness as sleeve, pipe, casting or ductwork. 

4. For fabricated units, diameter of plate or flange to be 4 IN larger than 
outside diameter of sleeve, pipe or ductwork. 

5. For commercial castings, waterstop/anchor size to be manufacturer 
standard. 

6. Provide continuous around entire circumference of sleeve, pipe, or 
ductwork. 

P. Where area is blocked out to receive sheet metal sleeve at later date: 

1. If blockout size is sufficient to allow placement, utilize dowels for interface 
of initially placed concrete and sleeve encasement concrete which is 
placed later. 

a. Size blockout based on sleeve size required plus 4 to 6 IN each side of 
sleeve for concrete encasement. 

b. Provide #4 dowels at 12 IN spacing along each side of blockout with 
minimum of two (2) dowels required per side. 

2. If blockout size is not sufficient to allow placement of dowels, provide 
keyway along all sides of blockout. 

a. Size blockout based on sleeve size required plus 2 to 4 IN each side of 
sleeve for concrete encasement. 

Q. For interior wall applications where backer rod and sealant are specified, 
provide backer rod and sealant at each side of wall. 

R. Refer to Drawings for location of fire-rated walls, floors, and ceilings. 

1. Utilize firestopping materials and procedures specified in Specification 
Section 07840 in conjunction with scheduled opening type to produce the 
required fire rating. 
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S. Use full depth expanding foam sealant for seal applications where single or 
multiple pipes, conduits, etc., pass through a single sleeve. 

T. Do not make duct or conduit penetrations below high water levels when 
entering or leaving tankage, wet wells, chemical containment areas, or other 
water or liquid holding structures unless noted specifically on the Drawings.  

U. Modular Mechanical Seals: 

1. Utilize one (1) seal for concrete thickness less than 8 IN and two (2) seals 
for concrete, 8 IN thick or greater. 

2. Utilize two (2) seals for piping 16 IN diameter and larger if concrete 
thickness permits. 

3. Install seals such that bolt heads are located on the most accessible side 
of the penetration. 

V. Backer Rod and Sealant: 

1. Install in accordance with Specification Section 07900. 

2. Provide backer rod and sealant for modular mechanical seal applications. 

a. Apply on top side of slab penetrations and on interior, dry side wall 
penetrations. 

3.02 SCHEDULES 

A. General Schedule of Penetrations through Floors, Roofs, Foundation Base 
Slabs, Foundation Walls, Foundation Footings, Partitions and Walls for 
Ductwork, Piping, and Conduit: 

1. Provide the following opening and penetration types: 

a. Type A - Block out 2 IN larger than outside dimensions of duct, pipe, or 
conduits. 

b. Type B - Saw cut or line-drill opening.  Place new concrete with 
integrally cast sheet metal or pipe sleeve. 

c. Type C - Fabricated sheet metal sleeve or pipe sleeve cast-in-place.  
Provide pipe sleeve with water ring for wet and/or washdown areas. 

d. Type D - Commercial type casting or fabrication. 
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e. Type E - Saw cut or line-drill opening.  Place new concrete with 
integrally cast pipe, duct or conduit spools. 

f. Type F - Integrally cast pipe, duct or conduit. 

g. Type G - Saw cut or line-drill and remove area 1 IN larger than outside 
dimensions of duct, pipe or conduit. 

h. Type H - Core drill. 

i. Type I - Block out area.  At later date, place new concrete with 
integrally cast sheet metal or pipe sleeve. 

2. Provide seals of material and method described as follows. 

a. Category 1 - Modular Mechanical Seal. 

b. Category 2 - Roof curb and flashing according to SMACNA 
specifications unless otherwise noted on Drawings.  Refer to 
Specification Section 07600 and roofing Specification Sections for 
additional requirements. 

c. Category 3 - 12 GA sheet metal drip sleeve set in bed of silicon sealant 
with backing rod and sealant used in sleeve annullus. 

d. Category 4 - Backer rod and sealant. 

e. Category 5 - Full depth compressible sealant with escutcheons on both 
sides of opening. 

f. Category 6 - Full depth compressible sealant and flanges on both 
sides of opening.  Flanges constructed of same material as duct, 
fastened to duct and minimum 1/2 IN larger than opening. 

g. Category 7 - Full depth compressible sealant and finish sealant or full 
depth expanding foam sealant depending on application. 

3. Furnish openings and sealing materials through new floors, roofs, 
partitions and walls in accordance with Schedule A, Openings and 
Penetrations for New Construction. 

4. Furnish openings and sealing materials through existing floors, roofs, 
partitions and walls in accordance with Schedule B, Openings and 
Penetrations for Existing Construction. 
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SCHEDULE A. OPENINGS AND PENETRATIONS SCHEDULE 
FOR NEW CONSTRUCTION 

 
 DUCTS PIPING CONDUIT 

APPLICATIONS 
OPENING 

TYPE 
SEAL 

CATEGORY 
OPENING 

TYPE 
SEAL 

CATEGORY 
OPENING 

TYPE 
SEAL 

CATEGORY 
Through floors 
with bottom side a 
hazardous 
location 

C 
F 
I 

7 
Not Req 

7 

D 
F 

I (1) 

Not Req 
Not Req 

7 

C 
F 

7 
Not Req 

Through floors on 
grade above 
water table 

C 
F 
I 

4 
Not Req 

4 

C 
F 

I (1) 

7 
Not Req 

7 

C 
F 

I (1) 

4 
Not Req 

7 

Through slab on 
grade below 
water table 

F Not Req F Not Req F Not Req 

Through floors in 
washdown areas 

C 
I 

4 
4 

C 
H (2) 
I (1) 

4 
3 
4 

F 
H (2) 
I (1) 

Not Req 
3 
7 

Through walls 
where one side is 
a hazardous area 

C 
F 
I 

7 
Not Req 

7 

D 
F 

I (1) 

Not Req 
Not Req 

7 

C 
F 

7 
Not Req 

Through exterior 
wall below grade 
above water table 

C 
F 
I 

7 
Not Req 

7 

C 
D 
F 

I (1) 

1 
Not Req 
Not Req 

1 

F 
I (1) 

Not Req 
7 

Through wall from 
tankage or wet 
well (above high 
water level) to dry 
well or dry area 

C 
F 
I 

7 
Not Req 

7 

C 
D 
F 

H (2) 

1 
Not Req 
Not Req 

1 

C 
F 

H (2) 
I (1) 

7 
Not Req 

7 
7 

Through wall from 
tankage or wet 
well (below high 
water level) to dry 
well or dry area 

F Not Req F Not Req F Not Req 

Through exterior 
wall above grade 

A 
B 
C 

6 
6 
6 

A 
B 
D 

H (2) 

5 
5 

Not Req 
5 

C 
H (2) 

5 
4 

Roof penetrations A 2 A 2 A 2 
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 DUCTS PIPING CONDUIT 

APPLICATIONS 
OPENING 

TYPE 
SEAL 

CATEGORY 
OPENING 

TYPE 
SEAL 

CATEGORY 
OPENING 

TYPE 
SEAL 

CATEGORY 
Through interior 
walls and slabs 
not covered by 
the above 
applications 

A 
C 

4 
4 

A 
C 

4 
4 

A 
C 
F 

4 
4 

Not Req 
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SCHEDULE B. OPENINGS AND PENETRATIONS SCHEDULE 
FOR EXISTING CONSTRUCTION 

 
 DUCTS PIPING CONDUIT 

APPLICATIONS 
OPENING 

TYPE 
SEAL 

CATEGORY 
OPENING 

TYPE 
SEAL 

CATEGORY 
OPENING 

TYPE 
SEAL 

CATEGORY 
Through floors with 
bottom side a 
hazardous location 

B 
E 

7 
Not Req 

B (1) 
E (3) 
H (2) 

7 
Not Req 

7 

B (1) 
E (3) 
H (2) 

7 
Not Req 

7 
Through floors on 
grade above water 
table 

B 7 B 7 B 7 

Through slab on 
grade below water 
table 

E Not Req E Not Req E Not Req 

Through floors in 
washdown areas 

G 3 G 
H (2) 

3 
3 

G 
H (2) 

3 
3 

Through walls 
where one side is a 
hazardous area 

B 
E 

7 
Not Req 

B (1) 

B (3)_ 
E 

H (2) 

7 
1 

Not Req 
7 

B (1) (3) 
E 

H (2) 

7 
Not Req 

7 

Through exterior 
wall below grade 
above water table 

B 7 B (1) 
B (3) 
H (2) 

7 
1 
7 

B (1) (3) 
H (2) 

7 
7 

Through wall from 
tankage or wet well 
(above high water 
level) to dry well or 
dry area 

B 
E 

7 
Not Req 

B  
E 

H (2) 

1 
Not Req 

1 

B (1) (3) 
E 

H (2) 

7 
Not Req 

7 

Through wall from 
tankage or wet well 
(below high water 
level) to dry well or 
dry area 

E Not Req E Not Req E Not Req 

Through exterior 
wall above grade 

G 6 G (1) (3) 
H (2) 

5 
5 

G (1) (3) 
H (2) 

5 
7 

Roof penetrations G 2 G (1) (3) 
H (2) 

2 G 2 

Through interior 
walls and slabs not 
covered by the 
above applications 

G 4 G (1) (3) 
H (2) 

4 
4 

G (1) (3) 
H (2) 

4 
4 

(1) Multiple piping 3 IN and smaller or multiple conduits. 
(2) Single pipe 3 IN and smaller or single conduit. 
(3) Single pipe or conduit larger than 3 IN. 
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END OF SECTION  
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Section 02220 
 

DEMOLITION 
 
PART 1    G E N E R A L 
 
1.01 SECTION INCLUDES 
 

A. Demolishing and removing existing structures, equipment and materials. 
 

B. Disposing of demolished materials and equipment. 
 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for the demolition work performed under 
this Section. Include the cost for this work in the lump sum Stipulated Price in 
Section 00410, Part B, Paragraph A. 

 
1.03 SUBMITTALS 
 

A. Submittals shall conform to requirements of Section 01330 - Submittals. 
 

B. Submit proposed methods, equipment, materials and sequence of operations 
for demolition of structures. Describe coordination for shutting off, capping, 
and removing temporary utilities. Plan operations to minimize temporary 
disruption of utilities to existing facilities or adjacent property. 

 
C. Submit proposed demolition and removal schedule for approval.  Notify Project 

Manager in writing at least 48 hours before starting demolition. 
 

D. Submit an approved copy of demolition schedule to Fire Department prior to 
commencement of demolition operations. 

 
E. Obtain a permit for building demolition, as required. 

 
1.04 OWNERSHIP OF MATERIAL AND EQUIPMENT 
 

A. Owner has first right of refusal for all equipment designated for removal and 
demolition. Protect items designated by Owner for reuse or salvage from 
damage during demolition, handling and storage. Restore damaged items to 
satisfactory condition. 

 
B. Materials and equipment not designated for reuse or salvage become the 

property of the Contractor. 
 

 
02220-1 

09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

DEMOLITION WBS No. S-000056-0071-4 

1.05 STORAGE AND HANDLING 
 

A. Store and protect materials and equipment designated for reuse until time of 
installation. 

 
B. Deliver items to be salvaged to City property storage areas indicated on 

Drawings. Items will be unloaded by City personnel. 
 

C. Remove equipment and materials not designated for reuse or salvage and all 
waste and debris resulting from demolition from site. Remove material as work 
progresses to avoid clutter. 

 
1.06 ENVIRONMENTAL CONTROLS 
 

A. Minimize spread of dust and flying particles. If required by governing 
regulations, use temporary enclosures and other suitable methods to prevent 
the spread of dust, dirt and debris. 

 
B. Use appropriate controls to limit noise from demolition to levels designated in 

City ordinances. 
 

C. Do not use water where it can create dangerous or objectionable conditions, 
such as localized flooding, erosion, or sedimentation of nearby ditches or 
streams. 

 
D. Stop demolition and notify Project Manager if underground fuel storage tanks, 

asbestos, PCB's, contaminated soils, or other hazardous materials are 
encountered. 

 
E. Dispose of removed equipment, materials, waste and debris in a manner 

conforming to applicable laws and regulations. 
 
PART 2    P R O D U C T S 
 
2.01 EQUIPMENT AND MATERIALS FOR DEMOLITION 
 

A. Use equipment and materials approved under Paragraph 1.03, Submittals. 
 

B. Fires are not permitted. 
 
C. Do not use a "drop hammer" where the potential exists for damage to 

underground utilities, structures, or adjacent improvements. 
 
PART 3    E X E C U T I O N 
 

 02220-2  
 09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 DEMOLITION 
 
3.01 EXAMINATION 
 

A. Prior to demolition, make an inspection with Project Manager to determine the 
condition of existing structures and features adjacent to items designated for 
demolition. 

 
B. Project Manager will mark or list existing equipment to remain the property of 

the City. 
 

C. Do not proceed with demolition or removal operations until after the joint 
inspection and subsequent authorization by Project Manager. 

 
3.02 PROTECTION OF PERSONS AND PROPERTY 
 

A. Provide safe working conditions for employees throughout demolition and 
removal operations.  Observe safety requirements for work below grade. 

 
B. Maintain safe access to adjacent property and buildings.  Do not obstruct 

roadways, sidewalks or passageways adjacent to the work. 
 

C. Perform demolition in a manner to prevent damage to adjacent property.  
Repair damage to City property or adjacent property and facilities. 

 
D. The Contractor shall be responsible for safety and integrity of adjacent 

structures and shall be liable for any damage due to movement or settlement.  
Provide proper framing and shoring necessary for support.  Cease operations 
if an adjacent structure appears to be endangered.  Resume demolition only 
after proper protective measures have been taken. 

 
E. Erect and maintain enclosures, barriers, warning lights, and other required 

protective devices. 
 
3.03 UTILITY SERVICES 
 

A. Follow rules and regulations of authorities or companies having jurisdiction 
over communications, pipelines, and electrical distribution services. 

 
B. Notify and coordinate with utility company and adjacent building occupants 

when temporary interruption of utility service is necessary. 
 
3.04 BUILDING DEMOLITION 
 

A. Demolish structure to the lines and grades shown on Drawings.  Where no 
limits are shown, the limits shall be 4 inches outside new items to be installed.  
Removals beyond these limits shall be at the Contractor's expense; 

 
02220-3 

09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

DEMOLITION WBS No. S-000056-0071-4 

satisfactorily reconstruct excess removals. 
 

B. Proceed with demolition from the top of the structure to the ground.  Complete 
demolition work above each floor or tier before disturbing supporting members 
of lower levels. 

 
C. Demolish concrete and masonry in small sections. 

 
D. Carefully remove structural framing members and lower them to the ground by 

means of hoists, derricks or other suitable devices. 
 

E. Do not overload existing roof or structures. 
 

F. Provide temporary coverings for openings through walls and roof to prevent 
water damage to buildings and structures which are to remain. 

 
G. Where existing concrete must be removed, but will be replaced subsequently: 

 
1. Make initial cut with a concrete saw; do not cut reinforcement. 

 
2. After removing concrete, cut cross bars at center of breakout and 

protect for subsequent concrete work. 
 

H. Demolish structures to a minimum of 3 feet below finished grade, unless 
otherwise indicated on Drawings. 

 
3.05 DISPOSAL 
 

A. Remove from the site all items contained in or upon the structure not 
designated for reuse or salvage.  Conform to requirements of Section 01504 - 
Temporary Facilities and Controls or Section 01576 - Waste Material Disposal. 

 
B. Follow method of disposal as required by regulatory agencies. 

 
3.06 BACKFILL 
 

A. Backfill holes in accordance with specification sections governing materials 
indicated on Drawings. Where no material is indicated, backfill with approved 
borrow and compact to a density of 90 percent standard Proctor. 

 
B. Do not backfill with material from demolition unless approved by Project 

Manager. 
 
3.07 MECHANICAL WORK ITEMS 
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A. Mechanical removals consist of dismantling and removing existing piping, 
pumps, motors, water tanks, equipment and other appurtenances. It includes 
cutting, capping, and plugging required to restore use of existing utilities. 

 
B. Remove existing process, water, chemical, gas, fuel oil and other piping 

indicated to be removed on Drawings. Take out piping to the limits shown.  
Piping not indicated on Drawings shall be removed to the nearest solid 
support, capped, and the remainder left in place even though it does not 
interfere with new work.  Purge chemical and fuel lines and tanks. Verify that 
such lines are safe prior to removal or capping.   

 
C. Where piping that is to be removed passes through existing walls, cut and cap 

piping on each side of the wall. Use cap appropriate for pipe material to be 
capped. Provide fire-rated sealant for walls classified as fire-rated. 

 
D. When underground piping is to be altered or removed, cap the remaining 

piping. Abandoned underground piping may be left in place unless it interferes 
with new work or is shown or specified to be removed. Piping less than 15 
inches in diameter may be plugged and abandoned in place. For piping 15 
inches in diameter and greater to be abandoned, fill with sand, pressure grout 
or other approved method and plug with concrete or brick masonry bulkhead. 

 
E. Remove waste and vent piping to points shown.  Plug pipe and cleanouts and 

plugs.  Where vent stacks pass through an existing roof that is to remain, 
remove the stack and patch the hole in the roof, making it watertight.  Comply 
with requirements of existing roof installer so as to maintain roof warranty. 

 
F. Conform to applicable codes when making any changes to plumbing and 

heating systems. 
 

G. For demolition of water line, refer to Section 02516 - Cut, Plug, and 
Abandonment of Mains. 

 
3.08 ELECTRICAL WORK ITEMS 
 

A. Electrical removals consist of disconnecting and removing existing switchgear, 
distribution switchboards, control panels, bus duct, conduits and wires, 
panelboards, lighting fixtures, and miscellaneous electrical equipment. 

 
B. Remove existing electrical equipment and fixtures to prevent damage to allow 

continued operation of existing systems and to maintain the integrity of the 
grounding systems. 

 
C. Remove poles and metering equipment, if designated for removal on the 

Drawings.  Coordinate electrical removals with the power company, as 
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necessary.  Verify that power is properly de-energized and disconnected. 
 
D. Where shown or otherwise required, remove wiring in underground duct 

systems.  Verify function of wiring before disconnecting and removing.  Plug 
ducts which are not to be reused at entry to buildings. 

 
E. Changes to electrical systems shall conform to applicable codes. 

 
END OF SECTION 
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SECTION 02316 

EXCAVATION AND BACKFILL FOR STRUCTURES 

PART 1: G E N E R A L 

1.01 SECTION INCLUDES 

A. Excavation, backfilling, and compaction of backfill for structures. 

1.02 MEASUREMENT AND PAYMENT 

A. Unit Prices. 

1. No payment will be made for structural excavation and backfill under this 
Section. Include payment in unit price or lump sum for construction of 
structures. 

2. Refer to Section 01270 - Measurement and Payment for unit price 
procedures. 

B. Stipulated Price (Lump Sum). If Contract is Stipulated Price Contract, 
payment for work in this Section is included in total Stipulated Price. 

1.03 DEFINITIONS 

A. Unsuitable Material: Unsuitable soil materials are the following: 

1. Materials that are classified as ML, CL-ML, MH, PT, OH, and OL 
according to ASTM D 2487. 

2. Materials that cannot be compacted to required density due to gradation, 
plasticity, or moisture content. 

3. Materials that contain large clods, aggregates, stones greater than 4 
inches in any dimension, debris, vegetation, waste or any other 
deleterious materials. 

4. Materials that are contaminated with hydrocarbons or other chemical 
contaminants.  

B. Suitable Material: Suitable soil materials are those meeting specification 
requirements. Unsuitable soils meeting specification requirements for 
suitable soils after treatment with lime or cement shall be considered 
suitable, unless otherwise indicated. 
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C. Select Material: Material as defined in Section 02320 - Utility Backfill 
Materials. 

D. Backfill:  Material meeting specified quality requirements, placed and 
compacted under controlled conditions around structures. 

E. Foundation Backfill Materials: Natural soil or manufactured aggregate 
meeting Class I requirements and geotextile filter fabrics as required, to 
control drainage and material separation. Foundation backfill material is 
placed and compacted as backfill where needed to provide stable support for 
structure foundation base. Foundation backfill materials may include 
concrete fill and seal slabs. 

F. Foundation Base: For foundation base material, use crushed stone 
aggregate with filter fabric as required, cement stabilized sand, or concrete 
seal slab. Foundation base provides smooth, level working surface for 
construction of concrete foundation. 

G. Foundation Subgrade: Foundation subgrade is surface of natural soil which 
has been excavated and prepared to support foundation base or foundation 
backfill, where needed. 

H. Ground Water Control Systems: Installations external to excavation such 
as well points, eductors, or deep wells. Ground water control includes 
dewatering to lower ground water, intercepting seepage which would  
otherwise emerge from side or bottom of excavation, and depressurization 
to prevent failure or heaving of excavation bottom. Refer to Section 
01578 - Control of Ground Water and Surface Water. 

I. Surface Water Control: Diversion and drainage of surface water runoff and 
rain water away from excavation. Remove rain water and surface water 
which accidentally enters excavation as part of excavation drainage. 

J. Excavation Drainage: Removal of surface and seepage water in excavation 
by sump pumping and using French drains surrounding foundation to 
intercept water. 

K. Over-Excavation and Backfill: Excavation of subgrade soils with 
unsatisfactory bearing capacity or composed of otherwise unsuitable 
materials below foundation as shown on Drawings, and backfilled with 
foundation backfill material. 

L. Shoring System: Structure that supports sides of an excavation to maintain 
stable soil conditions and prevent cave-ins. 
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1.04 REFERENCES 

A. ASTM D 698 - Standard Test Methods for Laboratory Compaction of Soil 
Using Standard Effort (12,400 ft-lbf/ft3 (600kN-m/m3)). 

B. ASTM D 1556 - Standard Test Method for Density of Soil in Place by Sand-
Cone Method.  

C. ASTM D 2922 - Standard Test Methods for Density of Soil and Rock in Place 
by Nuclear Methods (Shallow Depth). 

D. ASTM D 3017 - Standard Test Method for Water Content of Soil and Soil-
Aggregate in Place by Nuclear Methods (Shallow Depths). 

E. ASTM D 4318 - Standard Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils. 

F. TxDOT Tex-101-E - Preparing Soil and Flexible Base Materials for Testing.  

G. TxDOT Tex-110-E - Particle Size Analysis of Soils. 

H. Federal Regulations, 29 CFR, Part 1926, Standards – Excavation, 
Occupational Safety and Health Administration (OSHA). 

1.05 SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittal Procedures. 

B. Submit work plan for excavation and backfill for each structure with complete 
written description which identifies details of proposed method of 
construction and sequence of operations for construction relative to 
excavation and backfill activities. Use descriptions, with supporting 
illustrations, sufficiently detailed to demonstrate to Project Manager that 
procedures meet requirements of Specifications and Drawings.  

C. Submit excavation safety system plan. 
1. Submit excavation safety system plan in accordance with applicable 

OSHA requirements for excavations. 
2. Submit excavation safety system plan in accordance with 

requirements of Section 02260 - Trench Safety System, for 
excavations that fall under State and Federal trench safety laws. 

D. Submit ground and surface water control plan in accordance with 
requirements in this Section and Section 01578 - Control of Ground Water 
and Surface Water. 
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E. Submit backfill material sources and product quality information in 
accordance with requirements of Section 02320 - Utility Backfill Materials. 

F. Submit project record documents under provisions of Section 01785 - Project 
Record Documents. Record location of utilities, as installed, referenced to 
survey benchmarks. Include location of utilities encountered or rerouted. 
Give horizontal dimensions, elevations, inverts and gradients. 

1.06 TESTS 

A. Testing and analysis of backfill materials for soil classification and 
compaction during construction will be performed by an independent 
laboratory provided by City in accordance with requirements of Section 
01454 - Testing Laboratory Services and as specified in this Section. 

B. Perform embedment and backfill material source qualification testing in 
accordance with requirements of Section 02320- Utility Backfill Materials. 

PART 2: P R O D U C T S 

2.01 EQUIPMENT 

A. Perform excavation with equipment suitable for achieving requirements of 
this Specification.  

B. Use equipment which will produce degree of compaction specified. Compact 
backfill within 3 feet of walls with hand operated equipment. Do not use 
equipment weighing more than 10,000 pounds closer to walls than a 
horizontal distance equal to depth of fill at that time. Use hand operated 
power compaction equipment where use of heavier equipment is impractical 
or restricted due to weight limitations. 

2.02 MATERIAL CLASSIFICATIONS 

A. Use backfill materials conforming to classifications and product descriptions 
of Section 02320 - Utility Backfill Materials. Use classification or product 
description for backfill applications as shown on Drawings and as specified. 

PART 3: E X E C U T I O N 

3.01 PREPARATION 

A. Conduct an inspection to determine condition of existing structures and other 
permanent installations. 
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B. Set up necessary street detours and barricades in preparation for excavation 
if construction will affect traffic. Conform to requirements of Section 01555 - 
Traffic Control and Regulation. Maintain barricades and warning devices at 
all times for streets and intersections where work is in progress, or where 
construction work is considered hazardous to traffic movements. 

C. Perform work in accordance with OSHA standards. Employ an excavation 
safety system as specified in Section 02260 - Trench Safety Systems. 

 

D. Remove existing pavements and structures, including sidewalks and 
driveways, in accordance with requirements of Section 02221 - Removing 
Existing Pavements and Structures. 

E. Install and operate necessary dewatering and surface water control 
measures in accordance with requirements of Section 01578 - Control of 
Ground Water and Surface Water. 

3.02 PROTECTION 

A. Protect trees, shrubs, lawns, existing structures, and other permanent objects 
outside of grading limits and within grading limits as designated on 
Drawings, and in accordance with requirements of Section 01562 - Tree 
and Plant Protection. 

B. Protect and support above-grade and below-grade utilities which are to 
remain. 

C. Restore damaged permanent facilities to pre-construction conditions unless 
replacement or abandonment of facilities is indicated on Drawings. 

D. Prevent erosion of excavations and backfill. Do not allow water to pond in 
excavations. 

E. Maintain excavation and backfill areas until start of subsequent work. 
Repair and recompact slides, washouts, settlements, or areas with loss of 
density at no additional cost to City. 

3.03 EXCAVATION 

A. Perform excavation work so that underground structure can be installed to 
depths and alignments shown on Drawings. Use caution during excavation 
work to avoid disturbing surrounding ground and existing facilities and 
improvements. Keep excavation to absolute minimum necessary. No 
additional payment will be made for excess excavation not authorized by 
Project Manager. 
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B. Upon discovery of unknown utilities, badly deteriorated utilities not 
designated for removal, or concealed conditions, discontinue work at that 
location. Notify Project Manager and obtain instructions before proceeding 
in such areas. 

C. Immediately notify agency or company owning any line which is damaged, 
broken or disturbed. Obtain approval from Project Manager and agency for 
any repairs or relocations, either temporary or permanent. 

D. Avoid settlement of surrounding soil due to equipment operations, excavation 
procedures, vibration, dewatering, or other construction methods. 

E. Provide surface drainage during construction to protect work and to avoid 
nuisance to adjoining property. Where required, provide proper dewatering 
and piezometric pressure control during construction. 

F. Conduct hauling operations so that trucks and other vehicles do not create 
dirt nuisance in streets. Verify that truck beds are sufficiently tight and loaded 
in such a manner such that objectionable materials will not spill onto streets. 
Promptly clear away any dirt, mud, or other materials that spill onto streets or 
are deposited onto streets by vehicle tires. 

G. Maintain permanent benchmarks, monumentation, and other reference 
points. Unless otherwise directed, replace those which are damaged or 
destroyed by Work. 

H. Provide sheeting, shoring, and bracing where required to safely complete 
Work, to prevent excavation from extending beyond limits indicated on 
Drawings, and to protect Work and adjacent structures or improvements. 
Use sheeting, shoring, and bracing to protect workmen and public 
conforming to requirements of Section 02260 - Trench Safety Systems. 

I. Prevent voids from forming outside of sheeting. Immediately fill voids with 
grout, cement stabilized sand, or other material approved by Project 
Manager and compact to 95 percent standard density. 

J. After completion of structure, remove sheeting, shoring, and bracing unless 
shown on Drawings to remain in place or directed by Project Manager in 
writing that such temporary structures may remain. Remove sheeting, 
shoring and bracing in such a manner as to maintain safety during 
backfilling operations and to prevent damage to Work and adjacent 
structures or improvements. 

K. Immediately fill and compact voids left or caused by removal of sheeting with 
cement stabilized sand or other material approved by Project Manager and 
compact to 95 percent standard density. 
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3.04 HANDLING EXCAVATED MATERIALS 

A. Classify excavated materials. Place material which is suitable for use as 
backfill in orderly piles at sufficient distance from excavation to prevent slides 
or cave-ins. 

B. Provide additional backfill material in accordance with requirements of 
Section 02319 - Borrow, if adequate quantities of suitable material are not 
available from excavation and trenching operations at site. 

3.05 DEWATERING 

A. Provide ground water control per Section 01578 – Control of Ground Water 
and Surface Water. 

B. Keep ground water surface elevation minimum of 2 feet below bottom of 
foundation base. 

C. Maintain ground water control as directed by Section 01578 – Control of 
Ground Water and Surface Water and until structure is sufficiently complete 
to provide required weight to resist hydrostatic uplift with minimum safety 
factor of 1.2. 

3.06 FOUNDATION EXCAVATION 

A. Notify Project Manager at least 48 hours prior to planned completion of 
foundation excavations. Do not place foundation base until excavation is 
accepted by Project Manager. 

B. Excavate to elevations shown on Drawings, as needed  to provide space for 
foundation base, forming level undisturbed surface, free of mud or soft 
material. Remove pockets of soft or otherwise unstable soils and replace 
with foundation backfill material or material as directed by Project Manager. 
Prior to placing material over it, recompact subgrade where indicated on 
Drawings, scarifying as needed, to 95 percent of maximum Standard Dry 
Density according to ASTM D 698. If specified level of compaction cannot be 
achieved, moisture condition subgrade and recompact until 95 percent is 
achieved, over-excavate to provide minimum layer of 30 inches of foundation 
backfill material, or other means acceptable to Project Manager. 

C. Fill unauthorized excessive excavation with foundation backfill material or 
other material as directed by Project Manager. 

D. Protect open excavations from rainfall, runoff, freezing groundwater, or 
excessive drying so as to maintain foundation subgrade in satisfactory, 
undisturbed condition. Keep excavations free of standing water and 
completely free of water during concrete placement. 
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E. Remove soils which become unsuitable due to inadequate dewatering or 
other causes, after initial excavation to required subgrade, and replace with 
foundation backfill material, as directed by Project Manager, at no 
additional cost to City. 

F. Place foundation base, or foundation backfill material where needed, over 
subgrade on same day that excavation is completed to final grade. Where 
base of excavations are left open for longer periods, protect them with seal 
slab or cement-stabilized sand.. 

G. Use filter fabric as specified in Section 02621 - Geotextile to separate 
crushed aggregate, and other free draining Class I materials from native 
soils or select material backfill. Overlap fabric minimum of 12 inches 
beyond where another material stops contact with soil. 

H. Place crushed aggregate, and other Class I materials, in uniform layers of 8-
inch maximum thickness. Perform compaction by means of at least two 
passes of vibratory compactor. 

3.07 FOUNDATION BASE 

A. Place foundation base after subgrade is properly prepared, including 
placement of foundation backfill where needed. Use foundation base 
consisting of 12-inch layer of crushed stone aggregate or cement 
stabilized sand. Alternately, seal slab with minimum thickness of 4 
inches may be placed. Extend foundation base minimum of 12 
inches beyond edge of structure foundation, unless shown otherwise 
on Drawings. 

B. Where foundation base and foundation backfill are of same material, both 
can be placed in one operation. 

3.08 BACKFILL 

A. Complete backfill to surface of natural ground or to lines and grades 
shown on Drawings. Remove forms, lumber, trash and debris from structures. 
Deposit backfill in uniform layers and compact each layer as specified. 

1. Unless otherwise shown on Drawings, for structures under pavement or 
within one foot back of curb, use cement stabilized sand up to the top of 
the proposed structure. Use suitable on-site material (random backfill) up 
to 12 inches below pavement base or subgrade. Place minimum of 12 
inches of select backfill below pavement base or subgrade. 

2. Unless otherwise shown on Drawings, for structures not under pavement, 
use random backfill of suitable material up to the surface. 
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B. Do not place backfill against concrete walls or similar structures until 
laboratory test breaks indicate that concrete has reached minimum of 85 
percent of specified compressive strength. Where walls are supported by 
slabs or intermediate walls, do not begin backfill operations until slab or 
intermediate walls have been placed and concrete has attained sufficient 
strength. 

C. Remove concrete forms before starting backfill and remove shoring and 
bracing as work progresses. 

D. Maintain backfill material more than 2 percent above optimum moisture 
content, unless otherwise approved by Project Manager. Place fill material 
in uniform 8-inch maximum loose layers. Compact fill to at least 95 percent 
of maximum Standard Proctor Density according to ASTM D 698 below 
paved areas. Compact fill to at least 90 percent around structures below 
unpaved areas. 

E. Where backfill is placed against sloped excavation surface, run compaction 
equipment across boundary of cut slope and backfill to form compacted slope 
surface for placement of next layer of backfill. 

F. Place backfill using cement stabilized sand in accordance with Section 
02321 – Cement Stabilized Sand. 

3.09 FIELD QUALITY CONTROL 

A. Testing will be performed under provisions of Section 01454 - Testing 
Laboratory Services. 

B. Tests will be performed initially on minimum of one different sample of each 
material type for plasticity characteristics, in accordance with ASTM D 4318, 
and for gradation characteristics, in accordance with Tex-101-E and Tex-
110-E. Additional classification tests will be 
performed whenever there is noticeable change in material gradation or 
plasticity. 

C. In-place density tests of compacted subgrade and backfill will be performed 
according to ASTM D 1556, or ASTM D 2922 and ASTM D 3017, and at 
following frequencies and conditions: 

1. Minimum of one test for every 50 to 100 cubic yards of compacted backfill 
material as directed by Project Manager. 

2. A minimum of three density tests for each full work shift. 

3. Density tests will be performed in all placement areas. 
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4. Number of tests will be increased when inspection determines that soil 
types or moisture contents are not uniform or when compacting effort is 
variable and not considered sufficient to attain uniform density. 

5. Identify elevation of test with respect to natural ground. 

6. Record approximate depth of lift tested. 

D. At least one test for moisture-density relationships will be initially performed 
for each type of backfill material in accordance with ASTM D 698. Perform 
additional moisture-density relationship test once a month or whenever there 
is noticeable change in material gradation or plasticity. 

E. When tests indicate work does not meet specified compaction requirements, 
recondition, recompact, and retest at Contractor's expense. 

3.10 DISPOSAL OF EXCESS MATERIAL 

A. Dispose of excess materials in accordance with requirements of Section 
01576 – Waste Material Disposal. 

 
 

END OF SECTION 
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SECTION 02320 

UTILITY BACKFILL MATERIALS 

PART 1: G E N E R A L 

1.01 SECTION INCLUDES 

A. Material CLASSIFICATIONS 

B. Utility Backfill Materials: 

1. Concrete sand. 

2. Gem sand. 

3. Pea gravel. 

4. Crushed stone. 

5. Crushed concrete. 

6. Bank run sand. 

7. Select backfill. 

8. Random backfill. 

9. Cement stabilized sand. 

C. Material Handling and Quality Control Requirements. 

1.02 MEASUREMENT AND PAYMENT 

A. Unit Prices. 

1. No payment will be made for backfill material. Include payment in unit 
price for applicable utility installation. 

2. Payment for backfill material, when included as separate pay item or 
when directed by Project Manager, is on cubic yard basis for material 
placed and compacted within theoretical trench width limits and thickness 
of material according to Drawings, or as directed by Project Manager. 

3. Payment for backfill of authorized over-excavation is in accordance with 
Section 02318 - Extra Unit Price Work for Excavation and Backfill. 
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4. Refer to Section 01270 - Measurement and Payment for unit price 
procedures. 

B. Stipulated Price (Lump Sum). If Contract is Stipulated Price Contract, 
payment for work in this Section is included in total Stipulated Price. 

1.03 DEFINITIONS 

A. Unsuitable Material: 

1. Materials classified as ML, CL-ML, MH, PT, OH, and OL according to 
ASTM D 2487. 

2. Materials that cannot be compacted to required density due to gradation, 
plasticity, or moisture content. 

3. Materials containing large clods, aggregates, or stones greater than 4 
inches in any dimension; debris, vegetation, or waste; or any other 
deleterious materials. 

4. Materials contaminated with hydrocarbons or other chemical 
contaminants. 

B. Suitable Material: 

1. Materials meeting specification requirements. 

2. Unsuitable materials meeting specification requirements for suitable soils 
after treatment with lime or cement. 

C. Foundation Backfill Materials: Natural soil or manufactured aggregate 
meeting Class I requirements and geotextile filter fabrics as required, to 
control drainage and material separation. Foundation backfill material is 
placed and compacted as backfill where needed to provide stable support for 
structure foundation base. Foundation backfill materials may include 
concrete fill and seal slabs. 

D. Foundation Base: Crushed stone aggregate with filter fabric as required, 
cement stabilized sand, or concrete seal slab. Foundation base provides 
smooth, level working surface for construction of concrete foundation. 

E. Backfill Material: Classified soil material meeting specified quality 
requirements for designated application as embedment or trench zone 
backfill. 
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F. Embedment Material: Soil material placed under controlled conditions within 
embedment zone extending vertically upward from top of foundation to an 
elevation 12 inches above top of pipe, and including pipe bedding, 
haunching and initial backfill. 

G. Trench Zone Backfill: Classified soil material meeting specified quality 
requirements and placed under controlled conditions in trench zone from top 
of embedment zone to base course in paved areas or to surface grading 
material in unpaved areas. 

H. Foundation: Either suitable soil of trench bottom or material placed as 
backfill of over- excavation for removal and replacement of unsuitable or 
otherwise unstable soils. 

I. Source: Source selected by Contractor for supply of embedment or trench 
zone backfill material. Selected source may be project excavation, off-site 
borrow pits, commercial borrow pits, or sand and aggregate production or 
manufacturing plants. 

J. Refer to Section 02317 - Excavation and Backfill for Utilities for other 
definitions regarding utility installation by trench construction. 

1.04 REFERENCES 

A. ASTM C 33 - Standard Specification for Concrete Aggregate. 

B. ASTM C 40 - Standard Test Method for Organic Impurities in Fine Aggregates 
for Concrete. 

C. ASTM C 123 - Standard Test Method for Lightweight Particles in Aggregate. 

D. ASTM C 131 - Standard Test Method for Resistance to Degradation of Small-
Size Coarse Aggregate by Abrasion and Impact in Los Angeles Machine. 

E. ASTM C 136 - Standard Test Method for Sieve Analysis of Fine and Coarse 
Aggregates. 

F. ASTM C 142 - Standard Test Method for Clay Lumps and Friable Particles in 
Aggregates.  

G. ASTM D 1140 - Standard Test Method for Amount of Material in Soils Finer 
Than No. 200 Sieve. 

H. ASTM D 2487 - Standard Classification of Soils for Engineering Purposes 
(Unified Soil Classification System). 
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I. ASTM D 4318 - Standard Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils. 

J. ASTM D 4643 - Standard Test Method for Determination of Water (Moisture) 
Content of Soil by Microwave Oven Method. 

K. TxDOT Tex-110-E - Determining Particle Size Analysis of Soils. 

L. TxDOT Tex-460-A-Material Finer Than 75 Φm (No.200) Sieve In Mineral 
Aggregates (Decantation Test for Concrete Aggregates. 

1.05 SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittal Procedures. 

B. Submit description of source, material classification and product description, 
production method, and application of backfill materials. 

C. Submit test results for samples of off-site backfill materials. Comply with 
Paragraph 2.03, Material Testing. 

D. Before stockpiling materials, submit copy of approval from landowner for 
stockpiling backfill material on private property. 

E. Provide delivery ticket which includes source location for each delivery of 
material that is obtained from off-site sources or is being paid as specific bid 
item. 

1.06 TESTS 

A. Perform tests of sources for backfill material in accordance with Paragraph 
2.03B. 

B. Verification tests of backfill materials may be performed by City in accordance 
with Section 01454 - Testing Laboratory Services and in accordance with 
Paragraph 3.03. 

PART 2: P R O D U C T S 

2.01 MATERIAL CLASSIFICATIONS 

A. Classify materials for backfill for purpose of quality control in accordance 
with Unified Soil Classification Symbols as defined in ASTM D 2487. 
Material use and application is defined in utility installation specifications and 
Drawings either by class, as described in Paragraph 2.01B, or by product 
descriptions, as given in Paragraph 2.02.  
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B. Class Designations Based on Laboratory Testing: 

1. Class I: Well-graded gravels and sands, gravel-sand mixtures, crushed 
well-graded rock, little or no fines (GW, SW): 

a. Plasticity index: non-plastic. 

b. Gradation: D60/D10 - greater than 4 percent; amount passing No. 200 
sieve - less than or equal to 5 percent. 

2. Class II: Poorly graded gravels and sands, silty gravels and sands, little 
to moderate fines (GM, GP, SP, SM): 

a. Plasticity index: non-plastic to 4. 

b. Gradations: 

1) Gradation (GP, SP): amount passing No. 200 sieve - less than 5 
percent. 

2) Gradation (GM, SM): amount passing No. 200 sieve - between 12 
percent and 50 percent. 

3) Borderline gradations with dual classifications (e.g., SP-SM): 
amount passing No. 200 sieve - between 5 percent and 12 
percent. 

3. Class III: Clayey gravels and sands, poorly graded mixtures of gravel, 
sand, silt, and clay (GC, SC, and dual classifications, e.g., SP-SC): 

a. Plasticity index: greater than 7. 

b. Gradation: amount passing No. 200 sieve - between 12 percent and 
50 percent. 

4. Class IVA: Lean clays (CL).  

a. Plasticity Indexes: 

1) Plasticity index: greater than 7, and less than 20. 

b. Liquid limit: less than 50. 

c. Gradation: amount passing No. 200 sieve - greater than 50 percent.  

d. Inorganic. 

5. Class IVB: Fat clays (CH) 
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a. Plasticity index: above A line.  

b. Liquid limit: 50 or greater. 

c. Gradation: amount passing No. 200 sieve - greater than 50 percent.  

d. Inorganic. 

6. Use soils with dual class designation according to ASTM D 2487, and 
which are not defined above, according to more restrictive class. 

2.02 PRODUCT DESCRIPTIONS 

A. Soils classified as silt (ML) silty clay (CL-ML with PI of 4 to 7), elastic silt 
(MH), organic clay and organic silt (OL, OH), and organic matter (PT) are 
not acceptable as backfill materials. These soils may be used for site 
grading and restoration in unimproved areas as approved by Project 
Manager. Soils in Class IVB, fat clay (CH) may be used as backfill materials 
where allowed by applicable backfill installation specification. Refer to 
Section 02316 - Excavation and Backfill for Structures and Section 02317 - 
Excavation and Backfill for Utilities. 

B. Provide backfill material that is free of stones greater than 6 inches, free of 
roots, waste, debris, trash, organic material, unstable material, non-soil 
matter, hydrocarbon or other contamination, conforming to following limits 
for deleterious materials: 

1. Clay lumps: Less than 0.5 percent for Class I, and less than 2.0 percent 
for Class II, when tested in accordance with ASTM C 142. 

2. Lightweight pieces: Less than 5 percent when tested in accordance with 
ASTM C 123. 

3. Organic impurities: No color darker than standard color when tested in 
accordance with ASTM C 40. 

C. Manufactured materials, such as crushed concrete, may be substituted for 
natural soil or rock products where indicated in product specification, and 
approved by Project Manager, provided that physical property criteria are 
determined to be satisfactory by testing. 

D. Bank Run Sand: Durable bank run sand classified as SP, SW, or SM by 
Unified Soil Classification System (ASTM D 2487) meeting the following 
requirements: 
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1. Less than 15 percent passing number 200 sieve when tested in 
accordance with ASTM D 1140. Amount of clay lumps or balls may not 
exceed 2 percent. 

2. Material passing number 40 sieve shall meet the following requirements 
when tested in accordance with ASTM D 4318: Plasticity index: not 
exceeding 7. 

E. Concrete Sand: Natural sand, manufactured sand, or combination of natural 
and manufactured sand conforming to requirements of ASTM C 33 and 
graded within following limits when tested in accordance with ASTM C 136: 

Sieve Percent Passing 
3/8” 100 

No. 4 95 to 100 
No. 8 80 to 100 

No. 16 50 to 85 
No. 30 25  to 60 
No. 50 10 to 30 

No. 100 2 to 10 

F. Gem Sand: Sand conforming to requirements of ASTM C 33 for course 
aggregates specified for number 8 size and graded within the following limits 
when tested in accordance with ASTM C 136: 
 

Sieve Percent Passing 
3/8” 95 to100 

No. 4 60 to 80 
No. 8 15 to 40 

G. Pea Gravel: Durable particles composed of small, smooth, rounded stones 
or pebbles and graded within the following limits when tested in 
accordance with ASTM C 136:  
 

Sieve Percent Passing 
1/2 “ 100 
3/8” 85 to 100 

No. 4 10 to 30 
No. 8 0 to 10 

 

H. Crushed Aggregates: Crushed aggregates consist of durable particles 
obtained from an approved source and meeting the following requirements: 

1. Materials of one product delivered for same construction activity from 
single source, unless otherwise approved by Project Manager. 
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2. Non-plastic fines. 

3. Los Angeles abrasion test wear not exceeding 45 percent when tested in 
accordance with ASTM C 131. 

4. Crushed aggregate shall have minimum of 90 percent of particles 
retained on No. 4 sieve with 2 or more crushed faces as determined by 
Tex-460-A, Part I. 

5. Crushed stone: Produced from oversize plant processed stone or gravel, 
sized by crushing to predominantly angular particles from naturally 
occurring single source. Uncrushed gravel is not acceptable materials for 
embedment where crushed stone is shown on applicable utility 
embedment drawing details. 

6. Crushed Concrete: Crushed concrete is an acceptable substitute for 
crushed stone as utility backfill. Gradation and quality control test 
requirements are same as crushed stone. Provide crushed concrete 
produced from normal weight concrete of uniform quality; containing 
particles of aggregate and cement material, free from other substances 
such as asphalt, reinforcing steel fragments, soil, waste gypsum (calcium 
sulfate), or debris. 

7. Gradations, as determined in accordance with Tex-110-E. 
 

Sieve Percent Passing by Weight for Pipe Embedment 
by Ranges of Nominal Pipe Sizes 

 >15” 15” – 8” <8” 

1” 95 - 100 100 --- 

3/4” 60 - 90 90 - 100 100 

1/2” 25 – 60 --- 90 to 100 

3/8” --- 20 – 55 40 - 70 

No. 4 0 – 5 0 - 10 0 - 15 

No.  8 --- 0 – 5 0 - 5 

I. Select Backfill: Clean sandy lean clay, Class IV with plasticity index between 
7 and 20. 
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J. Random Backfill: Any suitable soil or mixture of soils within Classes I, II, III 
and IV; or fat clay (CH) wh allowed by applicable backfill installation 
specification. Refer to Section 02316 - Excavation and Backfill for Structures 
and Section 02317 - Excavation and Backfill for Utilities. 

K. Cement Stabilized Sand: Conform to requirements of Section 02321 - 
Cement Stabilized Sand. 

L. Concrete Backfill: Conform to Class B concrete as specified in Section 
03315 - Concrete for Utility Construction. 

M. Flexible Base Course Material: Conform to requirements of applicable 
portions of Section 02711 - Hot Mix Asphaltic Base Course, Section 02712 - 
Cement Stabilized Base Course, and Section 02713 - Recycled Crushed 
Concrete Base Course. 

2.03 MATERIAL TESTING 

A. Source Qualification. Perform testing to obtain tests by suppliers for 
selection of material sources and products not from the project site. Test 
samples of processed materials from current production representing 
material to be delivered. Use tests to verify that materials meet specification 
requirements. Repeat qualification test procedures each time source 
characteristics change or there is planned change in source location or 
supplier. Include the following qualification tests, as applicable: 

1. Gradation. Report complete sieve analyses regardless of specified 
control sieves from largest particle through No. 200 sieve. 

2. Plasticity of material passing No. 40 sieve. 

3. Los Angeles abrasion wear of material retained on No. 4 sieve. 

4. Clay lumps. 

5. Lightweight pieces. 

6. Organic impurities. 

B. Production Testing. Provide reports to Project Manager from an independent 
testing laboratory that backfill materials to be placed in Work meet applicable 
specification requirements. 

C. Assist Project Manager in obtaining material samples for verification testing 
at source or at production plant. 
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PART 3: E X E C U T I O N 

3.01 SOURCES 

A. Use of existing material in trench excavations is acceptable, provided 
applicable specification requirements are satisfied. 

B. Identify off-site sources for backfill materials at least 14 days ahead of 
intended use so that Project Manager may obtain samples for verification 
testing. 

C. Materials may be subjected to inspection or additional verification testing 
after delivery. Materials which do not meet requirements of specifications will 
be rejected. Do not use material which, after approval, has become 
unsuitable for use due to segregation, mixing with other materials, or by 
contamination. Once material is approved by Project Manager, expense for 
sampling and testing required to change to different material will be credited 
to City through change order. 

D. Bank run sand, select backfill, and random backfill, if available in project 
excavation, may be obtained by selective excavation and acceptance testing. 
Obtain additional quantities of these materials and other materials required to 
complete work from off-site sources. 

E. City does not represent or guarantee that any soil found in excavation work 
will be suitable and acceptable as backfill material. 

3.02 MATERIAL HANDLING 

A. When backfill material is obtained from either commercial or non-commercial  
borrow pit, open pit to expose vertical faces of various strata for identification 
and selection of approved material to be used. Excavate selected material 
by vertical cuts extending through exposed strata to achieve uniformity in 
product. 

B. Establish temporary stockpile locations for practical material handling, 
control, and verification testing by Project Manager in advance of final 
placement. Obtain approval from landowner for storage of backfill material 
on adjacent private property. 

C. When stockpiling backfill material near project site, use appropriate covers to 
eliminate blowing of materials into adjacent areas and prevent runoff 
containing sediments from entering drainage system. 

D. Place stockpiles in layers to avoid segregation of processed materials. Load 
material by making successive vertical cuts through entire depth of stockpile. 
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3.03 FIELD QUALITY CONTROL 

A. Quality Control 

1. The Project Manager may sample and test backfill at: 

a. Sources including borrow pits, production plants and Contractor's 
designated off-site stockpiles. 

b. On-site stockpiles. 

c. Materials placed in Work. 

2. The Project Manager may re-sample material at any stage of work or 
location if changes in characteristics are apparent. 

B. Production Verification Testing: City’s testing laboratory will provide 
verification testing on backfill materials, as directed by Project Manager. 
Samples may be taken at source or at production point, as applicable. 

 
 

END OF SECTION 
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SECTION 02519 

DISINFECTION OF POTABLE WATER FACILITIES 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. Furnish all labor, materials, tools, equipment and related items required to 
disinfect all potable water facilities installed or modified in this Contract. 
Dechlorination will be required in order to reduce chlorine concentration to 
less than four parts per million if chlorine solution used for disinfection is to be 
discharged to waterways or water courses known to support fish or wildlife. 
Refer to Section 26.040 of The Texas Water Code, Control of Certain Waste 
Dischargers by Rule. 

B. The potable water facilities include: 

1. Chemical Bulk Storage Tanks inclusive of all chemical piping, equipment, 
valves, etc. 

2. Piping which is designated to carry either, Potable Water, Plant Potable 
Water, Finished Water, Filtered Water, Distribution Water, Backwash 
Water, Protected Water, or Raw Water.  

1.02 MEASUREMENT AND PAYMENT 

A. No Separate payment will be made for work provided under this section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A.  

1.03 REFERENCE STANDARDS 

A. American Water Works Association (AWWA) 

1. AWWA C651-99 – Disinfection Water Mains 

2. AWWA C652-02 – Disinfection of Water Storage Facilities 

3. AWWA C653-97 – Disinfection of Water Treatment Plants 

1.04 SUBMITTALS 

A. Prior to starting disinfection work, furnish to Engineer a detailed outline of 
proposed sequence of work, manners of filling and flushing units, source and 
quality of water to be used, and disposal of wastewater.  
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B. Submit material data sheets on all disinfectants and neutralization chemicals 
to be used.  

C. Comply with sections 01330 and 01340. 

1.05 QUALITY ASSURANCE 

A. Bacteriological Sampling and Testing:  

1. Bacteriological sampling and water quality testing of disinfected potable 
water facilities shall be conducted by Drinking Water Operations, Public 
Utilities Division of the City of Houston Public Works Department.  

2. Results to be acceptable to City of Houston.  

3. Potable water facilities shall be verified free of coliform bacteria 
contamination. Work to be in accordance with AWWA standards as 
applicable.  

4. Methods of bacteriological analysis are as specified in the Standard 
Methods for Examination of Water and Wastewater by the American 
Public Health Association, latest edition.  

PART 2: PRODUCTS 

2.01 CHLORINE 

A. Liquid chlorine shall meet the requirements of AWWA B301. 

B. Calcium hypochloride shall meet the requirements of AWWA B300.  

2.02 WATER 

A. Water for the first potable water facility wash-down, disinfection, fill and 
testing of piping to meet the TCEQ Standards for potable water will be 
provided by the Plant Facility. 

B. The Contractor may be required to pay for water required for refill or retesting 
due to failures in workmanship caused by the Contractor discovered during 
initial testing.  

2.03 CHLORINE NEUTRALIZING CHEMICALS 

A. Chlorine neutralizing chemicals (e.g., sulfur dioxide, sodium bisulfite, sodium 
sulfite, etc.), if required for residual reduction of heavy chlorinated water, are 
to be of grade analysis approved by the city.  
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PART 3: EXECUTION 

3.01 CLEAN-UP 

A. Remove all construction equipment, scaffolding, planks, tools, rags, paint 
containers, or other materials not part of the potable water facilities.  

B. Clean potable water facilities of dirt, blast products, and debris by sweeping, 
scrubbing, vacuuming or equally effective measures.  

C. Hose down potable water facilities interior (walls, roof, and floor) with potable 
water to remove remaining foreign materials.  

D. Collect and properly dispose of all accumulated rinse water and associated 
solids.  

3.02 DISINFECTION OF PLANT PIPING 

A. General: 

1. Furnish pump, pipe connections, and necessary apparatus, gauges and 
meters.  

2. Furnish necessary labor, assistance and chlorination agent for 
disinfection. 

3. During installation, the interior of all pipes, fittings and other accessories 
shall be kept as free as possible from dirt and foreign matter at all times. 
If, in the opinion of the City Engineer, the pipe contains dirt or foreign 
matter that could not be removed during the flushing operations, the 
interior of the pipe will be broom brushed cleaned, hose wash downed, 
and swabbed with a bactericidal solution. When pipe laying is not in 
progress, the open ends of it shall be sealed with watertight plugs. If water 
has accumulated in the trench, the seal shall remain in place until the 
trench-water has been removed to such an extent that it will not enter the 
pipe.  

4. After completion of hydrostatic pressure tests and prior to disinfection, the 
pipeline shall be flushed as thoroughly as possible, with the water 
pressure and outlets available. If feasible, flushing rate should develop a 
velocity in the pipeline of at least 2.5 fps. If a velocity of 2.5 fps cannot be 
obtained, the requirements of Paragraph 3.03 A.3 above shall be rigidly 
enforced. The minimum quantity of water used for flushing shall be in 
excess of the storage capacity of the pipeline to insure that clean water 
has traversed the entire length of line.  
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5. After flushing has been completed to the point that apparent dirt and 
foreign matter have been removed from the pipeline, either liquid chlorine 
or calcium hypochlorite solution shall be injected into the pipeline as 
provided in AWWA C651. 

B. Contamination Control: 

1. Prevent admission of contaminated water to any treatment unit or water 
storage unit at the East Water Purification Plant 1-2. 

2. If contaminated water is admitted to previously disinfected units, disinfect 
these units at no additional cost to City.  

C. Disinfect: 

In accordance with applicable section of AWWA C657-99, Disinfecting Water 
Mains and as follows:  

1. Chlorine does, 100 mg/1 minimum for a period of not less than three 
hours.  

2. At the discretion of the City, retain chlorine water in system until 
completion of hydrostatic tests. Minimum retention period to be 24 hours.  

3. Following chlorination, flush treated water from piping until replacement 
water has chlorine content not more than 0.1 mg/1 in excess of residual in 
water from supply line, and in any event not more than 0.2 mg/1 total.  

4. In initial treatment results in an unsatisfactory bacterial test, repeat 
disinfection procedures at no additional cost to the City until satisfactory 
results are obtained.  

3.03 DISINEFECTION OF WATER STORAGE FACILITIES AND TEATMENT PLANT 
STRUCTURES 

A. All potable water storage facilities located downstream of the filters shall be 
disinfected in accordance with AWWA C652-02, Chlorination Method No. 1. 
This includes Chemical Bulk Storage Systems, and Chemical Feed Systems, 
that feed chemical to the filters or downstream of the filters. 

B. All other potable water facilities shall be disinfected per AWWA C652-02, 
Chlorination Method No. 2.  

C. Water Sampling: 

1. Water samples are to be taken from the tank by the City for bacteriological 
and quality analyses.  
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2. The Contractor shall notify the Engineer when the tank is ready to be 
sampled.  

3. All sampling to be done during normal business working hours. 

D. Additional Testing Requirements:  

1. Repeat disinfection procedure, if necessary, at Contractor’s expense until 
acceptable water samples are obtained.  

2. Contractor responsible for disposing of chlorinated water.  

3. Responsibility to include the obtaining of any necessary permits and all 
required neutralizing chemicals.  

4. After the bacteriological criteria have been satisfied, the water in the 
potable water facility must have a chlorine residual of less than 2.0 ppm 
before the potable water facility is placed in service.  

5. The Contractor shall complete all requirements for bacteriological testing, 
fill the tank for use by the City, restore site, and complete all other ancillary 
construction to obtain the Certificate of Substantial Completion. 

3.04 WATER DISCHARGE 

Contractor will not be permitted to discharge water used for disinfection 
purposes to any waterway if the water contains more than 4 ppm of chlorine. 
Dechlorination by methods acceptable to the City must be used if the 
Contractor proposes discharge to waterways.  

 
END OF SECTION 
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   Section 03100 
 
 CONCRETE FORMWORK 

PART 1: G E N E R A L 

1.01 SECTION INCLUDES 

A. Design, construction, erection and removal of structural concrete formwork. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A  

B. Under Section 00410, Part B, Paragraph C, Extra Unit Price Table, Contractor 
is required to provide a unit prices for specified quantities of concrete, 
specified in Section 003310. These Bid Items are included to provide a price 
for additional quantities of concrete required to complete the project, beyond 
the quantities necessary to complete the Work included in the Stipulated 
Price in Section 00410 Part B, Paragraph A.  Unit Bid Price for concrete 
quantities shall include all necessary concrete formwork.  No separate unit 
price payment will be made for concrete formwork.  Final quantities for unit 
price bid items will be determined in accordance with the General Conditions 
and Section 01270 – Measurement and Payment. Extra unit price work is 
paid only when authorized in advance by the CM/PM. 

1.03 REFERENCE STANDARDS 

A. ACI 117 - Standard Tolerances for Concrete Construction and Materials. 

B. ACI 347 - Recommended Practice for Concrete Formwork. 

C. U.S. Product Standard PS 1 Construction and Industrial Plywood. 

D. U.S. Product Standard PS 20 American Softwood Lumber Standard. 

1.04 SUBMITTALS 

A. Conform to Section 01330 – Submittal Procedures . and Section 01340 – 
Shop Drawings, Product Data and Samples. 

B. Shop Drawings:  Show location, member size and loading of  shoring.  When 
reshoring is permitted, submit plans showing locations and member size of 
reshoring. 
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C. Product Data and Samples: 

1. Form-coating Materials:  Submit trade or brand names of manufacturers 
and complete description of products. 

2. Form ties and related accessories, including taper tie plugs, if taper ties 
are used.  Form gaskets. 

PART 2: P R O D U C T S 

2.01 MATERIAL 

A. Smooth Forms:  New plywood, metal, plastic, tempered concrete-form 
hardboard, dressed lumber faced with plywood or fiberboard lining, or metal-
framed plywood-faced panel material, to provide continuous, straight, smooth 
surfaces.  Form material shall be free of raised grain, torn surfaces, worn 
edges, patches, dents or other defects.   Furnish material in largest practical 
sizes to minimize number of joints and, when indicated on Drawings, conform 
to joint system indicated.  Form material shall have sufficient strength and 
thickness to withstand pressure of newly placed concrete without bow or 
deflection. 

B. Rough Forms:  Plywood, metal, dressed or undressed lumber free of knots, 
splits or other defects, or other material acceptable to Project Manager of 
sufficient strength and thickness to withstand pressure of newly placed 
concrete without bow or deflection. 

C. Plywood:  Conform to PS 1, Class 1. 

D. Lumber:  Conform to PS 20. 

E. Edge Forms and Intermediate Screed Strips:  Type and strength compatible 
with the screed equipment and methods used. 

F. Earth Cuts for Forms: 

1. Use earth cuts for forming unexposed sides of grade beams cast 
monolithically with slabs on grade. 

2. Where sides of excavations are stable enough to prevent caving or 
sloughing, following surfaces may be cast against neat-cut excavations: 

a. Sides of footings. 
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b. Inside face of perimeter grade beams not monolithic with slab on 
grade.  When inside face is cast against earth, increase beam width 
indicated on Drawings by one inch. 

c. Both faces of interior grade beams not monolithic with slab on grade.  
When grade beam is cast against earth, increase beam width indicated 
on Drawings by 2 inches. 

G. Form Ties: 

1. Use commercially-manufactured ties, hangers and other accessories for 
embedding in concrete.  Do not use wire not commercially fabricated for 
use as a form accessory. 

2. Fabricate ties so ends or end fasteners can be removed without causing 
spalling of concrete faces.  Depth from formed concrete face to the 
embedded portion:  At least 1 inch, or twice the minimum dimension of tie, 
whichever is greater. 

3. Provide waterstop feature for form ties used on liquid-containing structures 
and on concrete walls which will have earth backfill on one side. 

4. Removable ties:  Taper ties may be used when approved by the Project 
Manager.  In the hole left by the removal of the taper tie, insert a 
preformed neoprene or polyurethane plug sized to seat at the center of the 
wall. 

H. Form Coating:  Commercial formulation of form oil or form-release agent 
having proven satisfactory performance.  Coating shall not bond with, stain or 
otherwise adversely affect concrete surfaces, or impair their subsequent 
treatment, including application of bonding agents, curing compounds, paint, 
protective liners and membrane waterproofing. 

I. Coating for Plastic Forms:  Alkali-resistant gel-coat. 

J. Chamfer Strips:  Unless otherwise indicated on Drawings, provide 3/4-inch 
chamfer strips in corners of forms to produce beveled edges where required 
by Part 3, Execution. 

K. Form Gaskets:  Polyethylene rod, closed cell, one-inch diameter.  
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2.02 DESIGN OF FORMWORK 

A. Conform to ACI 117, ACI 347 and City building codes, unless more restrictive 
requirements are specified or shown on Drawings.  Contractor shall design 
and engineer concrete formwork, including shoring and bracing.  Design 
formwork for applicable gravity loads, lateral pressure, wind loads and 
allowable stresses.  Camber formwork to compensate for anticipated 
deflection during placement of concrete when required to maintain specified 
tolerances.  Design formwork to be readily removed without impact, shock or 
damage to concrete surfaces and adjacent materials. 

 

PART 3: E X E C U T I O N 

3.01 INSTALLATION 

A. Formwork Construction 

1. Construct and maintain formwork so that it will maintain correct sizes of 
members, shape, alignment, elevation and position during concrete 
placement and until concrete has gained sufficient strength.  Provide for 
required openings, offsets, sinkages, keyways, recesses, moldings, 
anchorages and inserts. 

2. Construct forms for easy removal without damage to concrete surfaces. 

3. Make formwork sufficiently tight to prevent leakage of cement paste during 
concrete placement.  Solidly butt joints and provide backup material at 
joints as required to prevent leakage and fins.  Provide gaskets for wall 
forms to prevent concrete paste leakage at their base. 

4. Place chamfer strips in forms to bevel edges and corners permanently 
exposed to view, except top edges of walls, and slabs which are indicated 
on Drawings to be tooled.  Do not bevel edges of formed joints and interior 
corners unless indicated on Drawings.  Form beveled edges for vertical 
and horizontal corners of equipment bases.  Unless otherwise indicated 
on Drawings, make bevels 3/4 inch wide. 

5. Provide temporary openings at bases of column and wall forms and other 
points as required for observation and cleaning immediately before 
concrete is placed. 

6. Where runways are required for moving equipment, support runways 
directly on the formwork or structural members.  Do not allow runways or 
supports to rest on reinforcing steel. 
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7. Use smooth forms on formed concrete surfaces required to have smooth 
form finish or rubbed finish as specified in Section 03350 - Concrete 
Finishing. 

8. Rough forms may be used on formed concrete surfaces indicated to have 
rough form finish as specified in Section 03350 - Concrete Finishing. 

B. Forms for Surfaces Requiring Smooth Form Finish: 

1. Drill forms to suit ties used and to prevent leakage of concrete mortar 
around tie holes.  Uniformly space form ties and align in horizontal and 
vertical rows.  Install taper ties, if used, with the large end on the wet face 
of the wall. 

2. Provide sharp, clean corners at intersecting planes, without visible edges 
or offsets.  Back up joints with extra studs or girts to maintain true, square 
intersections. 

3. Form molding shapes, recesses and projections with smooth-finish 
materials and install in forms with sealed joints to prevent displacement. 

4. Form exposed corners of beams and columns to produce square, smooth, 
solid, unbroken lines. 

5. Provide exterior exposed edges with 3/4-inch chamfer or 3/4-inch radius. 

6. Arrange facing material in orderly and symmetrical fashion.  Keep number 
of joints to practical minimum.  Support facing material adequately to 
prevent deflection in excess of allowable tolerances. 

7. For flush surfaces exposed to view in completed structure, overlap 
previously- placed hardened concrete with form sheathing by 
approximately 1 inch.  Hold forms against hardened concrete to maintain 
true surfaces, preventing offsets or loss of mortar. 

C. Forms for Surfaces Requiring Rubbed Finish:  Provide forms as specified in 
Paragraph 3.01B, Smooth Form Finish.  Use smooth plywood or fiberboard 
linings or forms, in as large sheets as practicable, and with smooth, even 
edges and close joints. 

D. Edge Forms and Screed Strips for Slabs:  Set edge forms or bulkheads and 
intermediate screed strips for slabs to obtain required elevations and contours 
in finished slab surface.  Provide and secure supports for types of screeds 
required. 
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E. Surfaces to Receive Membrane Waterproofing:  Coordinate surface finish, 
anchors, reglets and similar requirements with membrane waterproofing 
applicator. 

F. Tolerances: 

1. Unless noted otherwise on Drawings, construct formwork so concrete 
surfaces will conform to tolerance limits listed in Tables 03100A at end of 
this Section. 

2. Establish sufficient control points and bench marks as references for 
tolerance checks.  Maintain these references in undisturbed condition until 
final completion and acceptance of the Work. 

G. Adjustment of Formwork: 

1. Use wedges or jacks to provide positive adjustment of shores and struts.  
After final inspection and before concrete placement, fasten in position 
wedges used for final adjustment of forms. 

2. Brace forms securely against lateral deflections.  Prepare to compensate 
for settling during concrete placement. 

3. For wall openings, construct wood forms that facilitate necessary 
loosening to counteract swelling of forms. 

3.02 PREPARATION OF FORM SURFACES 

A. Clean surfaces of forms and embedded materials before placing concrete.  
Remove accumulated mortar, grout, rust and other foreign matter. 

B. Coat forms for exposed or painted concrete surfaces with form oil or form-
release agent before placing reinforcement.  Cover form surfaces with coating 
material in accordance with manufacturer's printed instructions.  Do not allow 
excess coating material to accumulate in forms or to contact hardened 
concrete against which fresh concrete will be placed. Remove coating 
material from reinforcement before placing concrete. 

C. Forms for unexposed surfaces, other than retained-in-place metal forms, may 
be wet with water immediately before concrete placement in lieu of coating.  
When possibility of freezing temperatures exists, however, the use of coating 
is mandatory. 

3.03 REMOVAL OF FORMS 

A. Time Limits: 
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1. When repair of surface defects or finishing is required before concrete is 
aged, forms on vertical surfaces may be removed as soon as concrete 
has hardened sufficiently to resist damage from removal operations. 

2. Remove top forms on sloping surfaces of concrete as soon as concrete 
has attained sufficient stiffness to prevent sagging.  Loosen wood forms 
for wall openings as soon as this can be accomplished without damage to 
concrete.  Leave formwork for water-retaining structures in place for at 
least 2 days.  Formwork for non-water-retaining columns, walls, sides of 
beams and other formwork components not supporting weight of concrete 
may be removed after 12 hours, provided concrete has hardened 
sufficiently to resist damage from removal operations, and provided 
removal of forms will not disturb members supporting weight of concrete. 

3. Forms and shoring supporting weight of concrete or construction loads:  
Leave in place until concrete has reached minimum strength specified for 
removal of forms and shoring.  Do not remove such forms in less than 4 
days. 

B. Removal Strength: 

1. Control Tests:  Suitable strength-control tests will be required as evidence 
that concrete has attained specified strength for removal of formwork or 
shoring supporting weight of concrete in beams, slabs and other structural 
members.  Furnish test cylinders and data to verify strength for early form 
removal. 
 
Field-cured Test Cylinders: When field-cured test cylinders reach specified 
removal strength, formwork or shoring may be removed from respective 
concrete placements. 
 
Laboratory-cured Test Cylinders: When concrete has been cured as 
specified for structural concrete for same time period required by 
laboratory-cured cylinders to reach specified strength, formwork or shoring 
may be removed from respective concrete placements. Determine length 
of time that concrete has been cured by totaling the days or fractions of 
days, not necessarily consecutive, during which air temperature 
surrounding concrete is above 50 degrees F and concrete has been damp 
or thoroughly sealed against evaporation and loss of moisture. 

2. Compressive Strengths:  The minimum concrete compressive strength for 
removal of formwork supporting weight of concrete is 75 percent of 
specified minimum 28-day strength for class of concrete involved. 

 
03100-7 

09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

CONCRETE FORMWORK  WBS No. S-000056-0071-4 
 
3.04 FORM REUSE 

A. Do not reuse forms that are worn or damaged beyond repair.  Thoroughly 
clean and recoat forms before reuse.  For wood and plywood forms to be 
used for exposed smooth finish, sand or otherwise dress concrete contact 
surface to original condition or provide form liner facing material.  For metal 
forms, straighten, remove dents and clean to return forms to original 
condition. 
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 Table 03100A 
  
 

TOLERANCES FOR FORMED SURFACES 
CONCRETE IN BUILDINGS** 

 
VARIATION 

FROM 
 

VARIATION IN 

 
FOR ANY 
10-FOOT 
LENGTH 

 
FOR ANY 
20-FOOT 
LENGTH 
OR ANY 

BAY 

 
MAXIMUM 

FOR ENTIRE 
DIMENSION 

 
PLUMB OR 
SPECIFIED 

BATTER 

 
LINES AND SURFACES OF 
COLUMNS, PIERS, WALLS 
AND ARRISES 

 
 1/4" 

 
 --- 

 
 1" 

 
EXPOSED CORNER 
COLUMNS, CONTROL JOINT 
GROOVES, AND OTHER 
CONSPICUOUS LINES 

 
 --- 

 
 1/4" 

 
 1/2" 

 
LEVEL OR 
SPECIFIED 

GRADE 

 
SLAB SOFFITS, CEILINGS, 
BEAM SOFFITS, AND 
ARRISES (MEASURED 
BEFORE REMOVAL OF 
SHORES) 

 
 1/4" 

 
 3/8" 

 
 3/4" 

 
EXPOSED LINTELS, SILLS, 
PARAPETS, HORIZONTAL 
GROOVES AND OTHER 
CONSPICUOUS LINES 

 
 --- 

 
 1/4" 

 
 1/2" 

 
DRAWING 

DIMENSIONS 

 
POSITION OF LINEAR 
BUILDING LINES, COLUMNS, 
WALLS, AND PARTITIONS 

 
 --- 

 
 1/2" 

 
 1" 

 
SIZE AND LOCATION OF 
SLEEVES, FLOOR OPENINGS 
AND WALL OPENINGS 

 
 --- 

 
 --- 

 
 +1/4" 

 
CROSS SECTION OF 
COLUMNS, BEAMS, SLABS, 
AND WALLS 

 
 --- 

 
 --- 

 
+1/2", -1/4" 

 
FOOTINGS* IN PLAN 

 
 --- 

 
 --- 

 
 +2", -1/2" 

 
FOOTING MISPLACEMENT OR 
ECCENTRICITY IN DIRECTION 
OF ERROR (THE LESSER OF) 

 
 --- 

 
 --- 

 
2% OF WIDTH 
OR 2" 
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TOLERANCES FOR FORMED SURFACES 
CONCRETE IN BUILDINGS** 

 
VARIATION 

FROM 
 

VARIATION IN 

 
FOR ANY 
10-FOOT 
LENGTH 

 
FOR ANY 
20-FOOT 
LENGTH 
OR ANY 

BAY 

 
MAXIMUM 

FOR ENTIRE 
DIMENSION 

 
FOOTING THICKNESS 
DECREASE 

 
 --- 

 
 --- 

 
 5% 

 
FOOTING THICKNESS 
INCREASE 

 
 --- 

 
 --- 

 
 NO LIMIT 

 
STEP RISE IN FLIGHT OF 
STAIRS 

 
 --- 

 
 --- 

 
 +1/8" 

 
STEP TREAD IN FLIGHT OF 
STAIRS 

 
 --- 

 
 --- 

 
 +1/4" 

 
CONSECUTIVE STEP RISE 

 
 --- 

 
 --- 

 
 +1/16" 

 
CONSECUTIVE STEP TREAD 

 
 --- 

 
 --- 

 
 +1/8" 

 
* Footing tolerances apply to concrete dimensions only, not to positioning of vertical 

reinforcing steel, dowels, or embedded items. 
** Includes water and wastewater process structures. 
 
 END OF SECTION 
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Section 03151 
 
 JOINTS IN CONCRETE STRUCTURES 

PART 1: G E N E R A L 

1.01 SECTION INCLUDES 

A. Waterstops and similar joints in concrete structures intended to retain water 
or withstand hydrostatic pressure. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for joints in concrete structures provided 
under this Section.  Include the cost for this work in the lump sum Stipulated 
Price in Section 00410, Part B, Paragraph A. 

B. Under Section 00410, Part B, Paragraph C, Extra Unit Price Table, Contractor 
is required to provide unit prices for specified quantities of concrete, specified 
in Section 003310. These Bid Items are included to provide a price for 
additional quantities of concrete required to complete the project, beyond the 
quantities necessary to complete the Work included in the Stipulated Price in 
Section 00410 Part B, Paragraph A.  Unit Bid Price for concrete quantities 
shall include all necessary joints required in the concrete structures.  No 
separate unit price payment will be made for joints required in the concrete 
structures.  Final quantities for unit price bid items will be determined in 
accordance with the General Conditions and Section 01270 – Measurement 
and Payment.  Extra unit price work is paid only when authorized in advance 
by the CM/PM. 

1.03 REFERENCES 

A. ASTM A 775 - Standard Specification for Epoxy-Coated Reinforcing Steel 
Bars. 

B. ASTM C 920 - Specification for Elastomeric Joint Sealants. 

C. ASTM D 412 - Test Methods for Rubber Properties in Tension. 

D. ASTM D 624 - Test Method for Rubber Property - Tear Resistance. 

E. ASTM D 638 - Test Method for Tensile Properties of Plastics. 

F. ASTM D 746 - Test Method for Brittleness Temperature of Plastics and 
Elastomers by Impact. 
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G. ASTM D 747 - Test Method for Apparent Bending Modulus of Plastics by 
Means of a Cantilever Beam. 

H. ASTM D 1056 - Specification for Flexible Cellular Materials - Sponge or 
Expanded Rubber. 

I. ASTM D 1752 - Specification for Preformed Sponge Rubber and Cork 
Expansion Joint Fillers for Concrete Paving and Structural Construction. 

J. ASTM D 2000 - Specification for Rubber Products in Automotive Applications. 

K. ASTM D 2240 - Test Method for Rubber Property - Durometer Hardness. 

L. ASTM D 2241 - Specification for PVC Tubing. 

M. Federal Specification SS-S-210A - Sealing Compound, Preformed Plastic for 
Expansion Joints and Pipe Joints. 

N. Federal Specification TT-S-0227E(3) Sealing Compound, Elastomeric Type, 
Multi-Component, for Caulking, Sealing, and Glazing Buildings and Other 
Structures. 

O. U.S. Army Corps of Engineers Specification CRD-C 572 PVC Waterstop. 

1.04 DEFINITIONS 

A. The following definitions refer to concrete joints in water-retaining structures.  
Unless otherwise indicated, all such joints shall have a waterstop or sealant 
groove to prevent water penetration at the joint. 

B. Construction Joint:  The joint or surface between two concrete pours, 
produced by placing fresh concrete in contact with a hardened concrete 
surface. 

1. A bond breaker may or may not be used, as indicated. 

2. Reinforcing steel is continuous through the joint, unless otherwise 
indicated. 

1.05 SUBMITTALS 

A. Submit under provisions of Section 01330 – Submittal Proceduresand Section 
01340 – Shop Drawings, Product Data and Samples . 

B. Product Data:  Information sufficient to indicate compliance with Contract 
Documents, including manufacturer's descriptive literature and specifications. 
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C. Shop Drawings:  Indicate type, size, and location of each joint in each 
structure, and installation details. 

D. Samples:  For extrusions, submit 6-inch lengths.  For molded or fabricated 
items, submit whole items.  Submit 6-inch beads for sealants and 6-inch 
square samples for coatings, on appropriate substrates. 

E. Quality Control Submittals:  Submit manufacturer's instructions and 
recommendations for storage, handling and installation including material 
safety data sheets, and, where specified, test reports certified by an 
independent testing laboratory or the manufacturer, and manufacturer's 
certification that products furnished comply with Contract Documents. 

1.06 QUALITY ASSURANCE 

A. Waterstop Inspection:  Notify City Engineer to schedule inspection at least 24 
hours prior to work involving waterstop installation or fabrication of waterstop 
field joints. 

B. Defects include but are not limited to the following: 

1. Offsets at joints greater at any point than 1/16 inch or 15 percent of 
material thickness, whichever is less. 

2. Exterior cracks at joints due to incomplete bond, which are deeper at any 
point than 1/16 inch or 15 percent of material thickness, whichever is less. 

3. At any point, any combination of offsets or exterior cracks resulting in a 
net reduction in the cross-sectional area of the waterstop greater than 
1/16 inch or 15 percent of material thickness at any point, whichever is 
less. 

4. Misalignment of joint resulting in misalignment of the waterstop in excess 
of 1/2 inch in 10 feet. 

5. Porosity in the welded joint as evidenced by visual inspection. 

6. Bubbles or inadequate bond which can be detected with a pen knife.  If, 
while probing the joint with the point of a pen knife, the knife breaks 
through the outer portion of the weld into a bubble, the joint is defective. 

C. Field Joint Samples:  Prior to use of the waterstop material in the field, 
fabricate and submit for review a sample of a fabricated mitered cross and a 
tee constructed of each size or shape of material to be used.  Fabricate 
samples so material and workmanship represents fittings to be furnished.  
Field samples of fabricated fittings (crosses, tees, etc.) will be selected at 
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random by the City for testing by a laboratory at City's expense; they shall 
have a tensile strength across the joints equal to at least 600 psi when tested 
in accordance with ASTM D 638.  Contractor shall pay cost of failed tests and 
retesting required by failures. 

D. Construction Joint Sealant:  Prepare adhesion and cohesion test specimens, 
as specified, at intervals of 5 working days while sealants are being installed. 

E. Sealant material shall show no signs of adhesive or cohesive failure when 
tested in accordance with the following procedure in laboratory and field tests: 

1. Prepare sealant specimen between 2 concrete blocks (1 inch by 2 inches 
by 3 inches); spacing between the blocks shall be 1 inch.  Use coated 
spacers (2 inches by 1-1/2 inches by 1/2 inch) to ensure sealant cross-
sections of 1/2 inch by 2 inches with a width of 1 inch. 

2. Cast and cure sealant according to manufacturer's recommendations 
except that curing period shall be not less than 24 hours. 

3. Following curing period, widen the gap between blocks to 1-1/2 inches.  
Use spacers to maintain this gap for 24 hours prior to inspection for 
failure. 

F. Sealant Installer:  A competent waterproofing specialty contractor, approved 
by sealant manufacturer, having a record of successful performance in similar 
installations.  Before beginning work, sealant manufacturer's representative 
shall instruct installer's crew in proper method of application. 

1.07 WARRANTY 

A. Provide a written warranty covering entire sealant installation against faulty 
and incompatible materials and workmanship, and agreeing to repair or 
replace defective work at no additional cost to the City, for a period of 5 years. 
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1.08 DELIVERY, STORAGE AND HANDLING 

A. Deliver, store and handle materials in accordance with manufacturer's printed 
instructions. 

B. Store waterstops to permit free circulation of air around waterstop material. 

PART 2: P R O D U C T S 

2.01 EPA POTABLE CLASSIFICATION 

A. All joint materials shall be materials that reach acceptability for use in potable 
water systems no later than 30 days after installation, as classified by the 
Environmental Protection Agency. 

2.02 PVC WATERSTOPS 

A. Extrude from virgin polyvinyl chloride elastomer.  Use no reclaimed or scrap 
material.  Submit waterstop manufacturer's current test reports and 
manufacturer's written certification that the material furnished meets or 
exceeds Corps of Engineers Specification CRD-C572 and other specified 
requirements. 

B. Flat Strip Waterstops:  As detailed, and as manufactured by:  Kirkhill Rubber 
Co., Brea, California; Water Seals, Inc., Chicago, Illinois; Progress Unlimited, 
Inc., New York, New York; Greenstreak Plastic Products Co., St. Louis, 
Missouri; or equal acceptable to the City Engineer, provided that at no place 
shall waterstop thickness be less than 3/8 inch. 

C. Other Waterstops:  When types of waterstops not listed above are indicated 
on the Drawings, they are subject to these specifications. 

D. Waterstop Properties:  When tested in accordance with specified standards, 
waterstop material shall meet or exceed the following requirements: 
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Physical Property, Sheet Material Value ASTM Standard 
Tensile Strength-min (psi): 1750 D638, Type IV 
Ultimate Elongation-min (percent): 350 D638, Type IV 
Low Temp Brittleness-max (degrees F): -35 D746 
Stiffness in Flexure-min (psi): 400 D747 

 
Accelerated Extraction (CRD-C572) - 
Tensile Strength-min (psi): 1500 D638, Type IV 
Ultimate Elongation-min (percent): 300 D638, Type IV 

 
Effect of Alkalies (CRD-C572) - 
Change in Weight (percent): +0.25/-0.10 ------ 
Change in Durometer, Shore A: +5 D2240 

 
Finished Waterstop - 
Tensile Strength-min (psi): 1400 D638, Type IV 
Ultimate Elongation-min (percent): 280 D638, Type IV 

2.03 JOINT SEALANT 

A. Material:  Polyurethane polymer designed for bonding to concrete which is 
continuously submerged in water.  Use no material with an unsatisfactory 
history of bond or durability when used in joints of liquid-retaining structures. 

B. Sealant Properties at 73 degrees F, 50 percent relative humidity: 

1. Work Life:  45 - 180 minutes 

2. Time to Reach 20 Shore A Hardness 

3. (at 77 degrees F, 200 gr quantity):  24 hours, maximum 

4. Ultimate Hardness (ASTM D 2240):  20 - 45 Shore A 

5. Tensile Strength (ASTM D 412):  200 psi, minimum 

6. Ultimate Elongation (ASTM D 412): 400 percent, minimum 

7. Tear Resistance (Die C ASTM D 624): 75 pounds per inch of thickness, 
minimum 

8. Color:      Light Gray 

C. Polyurethane Sealants for Waterstop Joints in Concrete: 
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1. Sealant:  2-part polyurethane; when cured, sealant shall meet or exceed 
ANSI/ASTM C 920 or Federal Specification TT-S-0227 E(3) for 2-part 
material. 

2. Vertical and overhead horizontal joints:  Use only "non-sag" compounds 
meeting ANSI/ASTM C 920, Class 25, Grade NS, or Federal Specification 
TT-S-0227 E(3), Type II, Class A. 

3. Plane horizontal joints:  Self-leveling compounds meeting ANSI/ASTM C 
920, Class 25, Grade P, or Federal Specification TT-S-0227 E(3), Type I.  
For joints subject to either pedestrian or vehicular traffic, use a compound 
providing non-tracking characteristics and having a Shore A hardness 
range of 35 to 45. 

4. Primer:  Use only compatible materials manufactured or recommended for 
the application by the sealant manufacturer, in accordance with the printed 
instructions and  recommendations of the sealant manufacturer. 

D. Acceptable Products:  Polymeric Systems Inc. "PSI-270"; Pacific Polymers 
"Elastothane 227R"; Sika Corporation "Sikaflex 2C", or equal acceptable to 
the City Engineer. 

E. Sealants for non-waterstop joints:  Conform to Section 07921 – Caulking and 
Sealants. 

2.04 MISCELLANEOUS MATERIALS 

A. Neoprene Sponge:   ASTM D 1056, Type 2C3-E1 closed-cell expanded 
neoprene. 

B. Preformed Joint Filler:  ASTM D 1752 Type I non-extruding type; neoprene 
sponge or polyurethane of firm texture, except as otherwise specified.  
Bituminous fiber type will not be permitted. 

C. Backing Rod:  Extruded closed-cell polyethylene foam rod, compatible with 
joint sealant materials used, with a tensile strength not less than 40 psi, and 
compression deflection approximately 25 percent at 8 psi.  Size:  1/8-inch 
larger in diameter than joint width, except use one-inch diameter rod for 3/4-
inch wide joints. 

D. Bond Breaker:  "Super Bond Breaker" manufactured by Burke Company, San 
Mateo, California; "Select Cure CRB", manufactured by Select Products Co., 
Upland, California, or equal acceptable to the City Engineer.  Bond breaker 
shall contain a fugitive dye so areas of application will be readily 
distinguishable. 
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2.05 RESILIENT WATERSTOP 

A. Resilient waterstop, where called for on the Drawings, shall be either a 
bentonite or adhesive type material. 

B. Bentonite Waterstop: 

1. Material:  75 percent bentonite, mixed with butyl rubber-hydrocarbon 
containing less than 1.0 percent volatile matter, and free of asbestos fibers 
or asphaltics. 

2. Manufacturer's rated temperature ranges:  For application, 5 to 125 
degrees F; in service, -40 to 212 degrees F. 

3. Cross-sectional dimensions, unexpanded waterstop:  One inch by 3/4 
inch. 

4. Provide with adhesive backing capable of producing excellent adhesion to 
concrete surfaces. 

PART 3: E X E C U T I O N 

3.01 INSTALLATION 

A. Embed waterstops in concrete across joints as shown.  Waterstops shall be 
continuous for the extent of the joint; make splices necessary to provide such 
continuity in accordance with manufacturer's instructions.  Support and 
protect waterstops during construction operations; repair or replace 
waterstops damaged during construction. 

B. Install waterstops in concrete on one side of joints, leaving other side 
exposed until the next pour.  When a waterstop will remain exposed for 2 
days or more, shade and protect the exposed waterstop from direct rays of 
the sun during the entire exposure and until the exposed portion of the 
waterstop is embedded in concrete. 

3.02 SPLICES IN WATERSTOPS 

A. Splice waterstops by heat-sealing adjacent waterstop sections in accordance 
with the manufacturer's printed instructions. 

1. Do not damage material by heat sealing. 

2. Splice tensile strength:  At least 60 percent of unspliced material tensile 
strength. 

3. Maintain continuity of waterstop ribs and tubular center axis. 
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B. Butt end-to-end joints of 2 identical waterstop sections may be made in the 
forms during placement of waterstop material. 

C. Prior to placement in formwork, prefabricate all waterstop joints involving 
more than 2 ends to be joined together, an angle cut, an alignment change, or 
the joining of 2 dissimilar waterstop sections, allowing not less than 24-inch 
long strips of waterstop material beyond the joint.  Upon inspection and 
approval by the City Engineer, install prefabricated waterstop joint assemblies 
in formwork, and butt-weld ends of the 24-inch strips to the straight-run 
portions of waterstop in the forms. 

3.03 JOINT CONSTRUCTION 

A. Setting Waterstops: 

1. Correctly position waterstops during installation.  Support and anchor 
waterstops during progress of the work to ensure proper embedment in 
concrete.  Locate symmetrical halves of waterstops equally between 
concrete pours at joints, with center axis coincident with joint openings.   
Thoroughly work concrete in joint  vicinity for maximum density and 
imperviousness. 

2. Flat-strip waterstop:  Prevent folding over by concrete during placement.  
Unless otherwise shown, hold waterstops in place with wire ties on 12-
inch centers passed through the waterstop edge and tied to reinforcing 
steel. 

a. Horizontal waterstops (with flat face in vertical plane):  Hold in place by 
fastening upper waterstop edge to continuous supports. 

b. Horizontal waterstops (with flat face in horizontal plane):  Work 
concrete under waterstops by hand to eliminate air and rock pockets. 

3. Where a waterstop in a vertical wall joint does not connect with any other 
waterstop, and is not intended to be connected to a waterstop in a future 
concrete placement, terminate the waterstop 6 inches below the top of the 
wall. 

B. Joint Location:  Unless specifically noted otherwise, provide construction 
joints at 25-foot maximum spacing for concrete construction.  Where joints 
are shown spaced greater than 40 feet apart, provide additional joints to 
maintain the 25-foot maximum spacing.  Submit joint locations for review by 
the City Engineer. 
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C. Joint Preparation:  Prepare surfaces in accordance with Section 03310 - 
Structural Concrete.  Unless otherwise indicated, bonding is required at 
horizontal concrete joints in walls.  

D. Replacement of Defective Field Joints:  Replace waterstop field joints 
showing evidence of misalignment, offset, porosity, cracks, bubbles, 
inadequate bond or other defects with products and joints complying with 
Contract Documents. 

E. Construction Joint Sealant: 

1. In water-bearing floor slabs and elsewhere where indicated, provide 
construction joints with tapered grooves filled with construction joint 
sealant.  Leave groove- forming material in place until time grooves are 
cleaned and filled with joint sealant.  After removing groove forms, remove 
laitance and fins and sand-blast the grooves.  Allow grooves to dry 
thoroughly, then blow out, immediately prime surfaces, place bond-
breaker tape in bottom of groove and fill with construction joint sealant.  
Use no sealant without a primer.  Completely fill sealant grooves.  
Thoroughly clean areas designated to receive sealant, as specified for 
tapered grooves, prior to sealant application. 

2. Mix and install primer and sealant in accordance with manufacturer's 
printed instructions and recommendations.  Do not coat sides of sealant 
groove with bond breaker, curing compound or other substance which 
would interfere with proper sealant bond.  Allow at least 7 days for sealant 
to achieve final cure before filling structure with water. 

3. Thoroughly and uniformly mix 2-part catalyst-cured material. 

4. Remove and replace improperly cured sealants after the manufacturer's 
recommended curing time; thoroughly sandblast the groove to remove all 
traces of uncured or partially-cured sealant and primer, then re-prime and 
re-seal with specified sealant. 

F. Resilient Waterstop: 

1. Install resilient waterstop in accordance with manufacturer's instructions 
and recommendations except as otherwise indicated and specified. 

2. When requested by the Project Manager, provide technical assistance by 
manufacturer's representative in the field at no additional cost to the City. 

3. Use resilient waterstop only where complete confinement by concrete is 
provided; do not use in expansion or contraction joints. 
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4. Where resilient waterstop is used in combination with PVC waterstop, lap 
resilient waterstop over PVC waterstop a minimum of 6 inches and place 
in contact with the PVC waterstop.  Where crossing PVC at right angles, 
melt PVC ribs to form a smooth joining surface. 

5. At the free top of walls without connecting slabs, stop the resilient 
waterstop and grooves (where used) 6 inches from the top in  vertical wall 
joints. 

6. Bentonite Waterstop: 

a. Locate bentonite waterstop as near as possible to the center of the 
joint and extend continuous around the entire joint.  Minimum distance 
from edge of waterstop to face of member:  5 inches. 

b. Where thickness of the concrete member to be placed on the bentonite 
waterstop is less than 12 inches, place waterstop in grooves at least 
3/4 inch deep and 1-1/4 inches wide formed or ground into the 
concrete.  Minimum distance from edge of waterstop placed in groove 
to face of member: 2.5 inches. 

c. Do not place bentonite waterstop when waterstop material temperature 
is below 40 degrees F. Waterstop material may be warmed so that it 
remains above 40 degrees F during placement but means used to 
warm it shall in no way harm the material or its properties.  Do not 
install waterstop where air temperature falls outside manufacturer's 
recommended range. 

d. Place bentonite waterstop only on smooth and uniform surfaces; grind 
concrete smooth if necessary to produce satisfactory substrate, or 
bond waterstop to irregular surfaces using an epoxy grout which 
completely fills voids and irregularities beneath the waterstop material.  
Prior to installation, wire brush the concrete surface to remove laitance 
and other substances that may interfere with bonding of epoxy. 

e. In addition to the adhesive backing provided with the waterstop, secure 
bentonite waterstop in place with concrete nails and washers at 12-
inch maximum spacing. 

 
END OF SECTION 
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Section 03211 
 
 REINFORCING STEEL 

PART 1: G E N E R A L 

1.01 SECTION INCLUDES 

A. Structural concrete reinforcement and grouting of reinforcement dowel bars 
into hardened concrete. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for reinforcing steel work provided under 
this Section.  Include the cost for this work in the lump sum Stipulated Price in 
Section 00410, Part B, Paragraph A. 

B. Under Section 00410, Part B, Paragraph C, Extra Unit Price Table, Contractor 
is required to provide a unit price for a specified quantity of reinforcing steel, 
specified under this section. This Bid Item is included to provide a price for 
additional quantities of reinforcing steel required to complete the project, 
beyond the quantities necessary to complete the Work included in the 
Stipulated Price in Section 00410 Part B, Paragraph A.  Unit Bid Price shall 
include all labor, material, warranty, equipment and incidentals.  
Measurement for reinforcing steel installed as extra work is on a per-pound 
basis.  Final quantities for unit price bid items will be determined in 
accordance with the General Conditions and Section 01270 – Measurement 
and Payment. Extra unit price work is paid only when authorized in advance 
by the CM/PM. 

1.03 REFERENCES 

A. ACI 315 - Details and Detailing of Concrete Reinforcement. 

B. ACI 318 - Building Code Requirements for Reinforced Concrete. 

C. ACI 350 – Code Requirements for Environmental Engineering Concrete 
Structures. 

D. ASTM A 36 - Standard Specification for Structural Steel. 

E. ASTM A 615 - Standard Specification for Deformed and Plain Billet-Steel 
Bars for Concrete Reinforcement. 

F. ASTM A 675 - Standard Specification for Steel Bars, Carbon, Hot-Wrought, 
Special Quality, Mechanical Properties. 
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G. ASTM C 881 - Specification for Epoxy-Resin-Base Bonding Systems for 
Concrete. 

H. WRI - Manual of Standard Practice for Welded Wire Fabric. 

I. CRSI MSP-1 - Manual of Standard Practice. 

1.04 SUBMITTALS 

A. Conform to Section 01330 – Submittal Procedures and Section 01340 – Shop 
Drawings, Product Data and Samples. 

B. Shop Drawings: 

1. Submit shop drawings detailing reinforcement fabrication, bar placement 
location, splices, spacing, bar designation, bar type, length, size, bending, 
number of bars, bar support type and other pertinent information, including 
dimensions. Provide sufficient detail for placement of reinforcement 
without use of Contract Drawings. Information shall correspond directly to 
data listed on bill of materials. 

2. Use of reproductions of Contract Drawings by Contractor, Subcontractor, 
erector, fabricator or material supplier in preparation of shop drawings (or 
in lieu of preparation of shop drawings) signifies acceptance by that party 
of information shown thereon as correct, and acceptance of obligation to 
pay for any job expense, real or implied, arising due to errors that may 
occur thereon. Remove references to Design Engineer, including seals, 
when reproductions of Contract Drawings are used as shop drawings. 

3. Detail shop drawings in accordance with ACI 315, Figure 6. 

4. Submit shop drawings showing location of proposed additional 
construction joints as required under Section 03151 - Joints in Concrete 
Structures, and obtain approval of City Engineer, prior to submitting 
reinforcing steel shop drawings. 

C. Bill of Materials:  Submit with shop drawings. 

D. Product Data: 

1. Mechanical Bar Splices: Submit manufacturer's technical literature, 
including specifications and installation instructions. 

2. Epoxy grout proposed for anchoring reinforcing dowels to hardened 
concrete: Submit manufacturer's technical literature including 
recommended installation procedures. 
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E. Certificates: 

1. Submit steel manufacturer's certificates of mill tests giving properties of 
steel proposed for use. List manufacturer's test number, heat number, 
chemical analysis, yield point, tensile strength and percentage of 
elongation. Identify proposed location of steel in work. 

2. Foreign-manufactured reinforcing bars shall be tested for conformance to 
ASTM requirements by a certified independent testing laboratory located 
in United States. Certification from any other source is not acceptable. 
Submit test reports for review. Do not begin fabrication of reinforcement 
until material has been approved. 

 

1.05 HANDLING AND STORAGE 

A. Store steel reinforcement above ground on platforms, skids or other supports.  
Protect reinforcing from mechanical injury, surface deterioration and formation 
of excessive, loose or flaky rust caused by exposure to weather.   

1.06 QUALITY ASSURANCE 

A. Notify City Engineer at least 48 hours before concrete placement so that 
reinforcement may be inspected, and errors corrected, without delaying Work. 

PART 2: P R O D U C T S 

2.01 MATERIAL 

A. Reinforcing Bars: Deformed bars conforming to ASTM A 615, grade as 
indicated on Drawings, except column spirals and those shown on Drawings 
to be smooth bars.  Where grade is not shown on Drawings, use Grade 60. 

B. Tie Wire: 16-1/2 gage or heavier annealed steel wire.  Use plastic-coated tie 
wire with epoxy-coated reinforcing steel. 

C. Bar Supports:  Provide chairs, riser bars, ties and other accessories made of 
plastic or metal, except as otherwise specified. Use bar supports and 
accessories of sizes required to provide required concrete cover. Where 
concrete surfaces are exposed to weather, water or wastewater, provide 
plastic accessories only; do not use galvanized or plastic-tipped metal in such 
locations. Provide metal bar supports and accessories rated Class 1 or 2 
conforming to CRSI MSP-1 Manual of Standard Practice. Use epoxy-coated 
bar supports with epoxy-coated reinforcing bars. 
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D. Slabs on Grade: Provide chairs with sheet metal bases or provide precast 
concrete bar supports 3 inches wide, 6 inches long, and thick enough to allow 
required cover. Embed tie wires in 3-inch by 6-inch side. 

E. Mechanical Bar Splices: 

1. Conform to ACI 318; use only where indicated on Drawings. 

a. Compression splices shall develop ultimate stress of reinforcing bar. 

b. Tension splices shall develop 125 percent of minimum yield point 
stress of reinforcing bar. 

2. Regardless of chemical composition of steel, any heat effect shall not 
adversely affect performance of reinforcing bar. 

F. Welded Splices: 
 

1.  Welding of reinforcing bars is prohibited. 

G. Epoxy Grout: High-strength rigid epoxy adhesive, conforming to ASTM C 881, 
Type IV, manufactured for purpose of anchoring dowels into hardened 
concrete and the moisture condition, application temperature and orientation 
of the hole to be filled. Unless otherwise shown, depth of embedment shall be 
as required to develop the full tensile strength (125 percent of yield strength) 
of dowel, but not less than 12 diameters. 

2.02 FABRICATION 

A. Bending: Fabricate bars to shapes indicated on Drawings by cold bending. 
Bends shall conform to minimum bend diameters specified in ACI 318. Do not 
straighten or rebend bars.  

B. Splices: 

1. Locate splices as indicated on Drawings. Do not locate splices at other 
locations without approval of City Engineer. Use minimum number of 
splices located at points of minimum stress. Stagger splices in adjacent 
bars. 

2. Length of lap splices: As shown on Drawings. 

3. Prepare ends of bars at mechanical splices in accordance with splice 
manufacturer's requirements. 
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C. Construction Joints: Unless otherwise shown, continue reinforcing through 
construction joints. 

D. Bar Fabrication Tolerances: Conform to tolerances listed in ACI 315, Figures 
4 and 5. 

E. Standard Hooks: Conform to the requirements of ACI 318. 

F. Marking: Clearly mark bars with waterproof tags showing number of bars, 
size, mark, length and yield strength. Mark steel with same designation as 
member in which it occurs. 

PART 3: E X E C U T I O N 

3.01 PREPARATION 

A. Clean reinforcement of scale, loose or flaky rust and other foreign material, 
including oil, mud or coating that will reduce bond to concrete. 

 

3.02 INSTALLATION 
 

A. Placement Tolerances: Place reinforcement within tolerances of Table 
03211A at the end of this Section. Bend tie wire away from forms to maintain 
the specified concrete coverage. 

B. Interferences: Maintain 2-inch clearance from embedded items. Where 
reinforcing interferes with location of other reinforcing steel, conduit or 
embedded items, bars may be moved within specified tolerances or one bar 
diameter, whichever is greater. Where greater movement of bars is required 
to avoid interference, notify City Engineer. Do not cut reinforcement to install 
inserts, conduit, mechanical openings or other items without approval of City 
Engineer. 

C. Concrete Cover: Provide clear cover measured from reinforcement to face of 
concrete as listed in Table 03211B at the end of this Section, unless 
otherwise indicated on Drawings. 
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D. Placement in Forms: Use spacers, chairs, wire ties and other accessory items 
necessary to assemble, space and support reinforcing properly. Provide 
accessories of sufficient number, size and strength to prevent deflection or 
displacement of reinforcement due to construction loads or concrete 
placement. Use appropriate accessories to position and support bolts, 
anchors and other embedded items. Tie reinforcing bars at each intersection, 
and to accessories. Blocking reinforcement with concrete or masonry is 
prohibited. 

E. Placement for Concrete on Ground: Support bar and wire reinforcement on 
chairs with sheet metal bases or precast concrete blocks spaced at 
approximately 3 feet on centers each way. Use minimum of one support for 
each 9 square feet. Tie supports to reinforcing bars and wires. 

F. Vertical Reinforcement in Columns: Offset vertical bars by at least one bar 
diameter at splices.  Provide accurate templates for column dowels to ensure 
proper placement. 

G. Splices: 

1. Do not splice bars, except at locations indicated on Drawings or reviewed 
shop drawings, without approval of City Engineer. 

2. Lap Splices:  Length of lap splices shall be as shown on Drawings. Tie 
securely with wire prior to concrete placement, to prevent displacement of 
splices during concrete placement. 

3. Mechanical Bar Splices: Use only where indicated on Drawings or 
approved by the City Engineer.  Install in accordance with manufacturer's 
instructions.   

a. Couplers located at a joint face shall be of a type which can be set 
either flush or recessed from the face as shown.  Seal couplers prior to 
concrete placement to completely eliminate concrete or cement paste 
from entering. 

b. Couplers intended for future connections:  Recess 1/2 inch minimum 
from concrete surface.  After concrete is placed, plug coupler and fill 
recess with sealant to prevent contact with water or other corrosive 
materials. 

c. Unless noted otherwise, match mechanical coupler spacing and 
capacity to that shown for the adjacent reinforcing. 

H. Construction Joints: Place reinforcing continuous through construction joints, 
unless noted otherwise. 
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I. Field Bending: Shape reinforcing bent during construction operations to 
conform to Drawings.  Bars shall be cold-bent; do not heat bars. Closely 
inspect reinforcing for breaks. When reinforcing is damaged, replace, 
Cadweld, or otherwise repair, as directed by City Engineer. Do not bend 
reinforcement after it is embedded in concrete. 

J. Field Cutting: Cut reinforcing bars by shearing or sawing.  Do not cut bars 
with cutting torch. 

K. Welding of reinforcing bars is prohibited. 

3.03 GROUTING OF REINFORCING AND DOWEL BARS 

A. Use epoxy grout for anchoring reinforcing and dowel steel to existing concrete 
in accordance with epoxy manufacturer's instructions. Drill hole not more than 
1/4 inch larger than steel bar diameter (including height of deformations for 
deformed bars) in existing concrete. Just before installation of steel, blow hole 
clean of all debris using compressed air. Partially fill hole with epoxy, using 
enough epoxy so when steel bar is inserted, epoxy grout will completely fill 
hole around bar. Dip end of steel bar in epoxy and twist bar while inserting 
into partially-filled hole. 
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Table 03211A 
 REINFORCEMENT PLACEMENT TOLERANCES 
 

 
PLACEMENT 

 
TOLERANCE IN INCHES 

 
Clear Distance - 

To formed soffit: 
To other formed surfaces: 
Minimum spacing between bars: 

 
 

-1/4 
±1/4 
-1/4 

 
Clear distance from unformed surface to top 
reinforcement - 

Members 8 inches deep or less: 
Members more than 8 inches deep but less than 24 
inches deep: 
Members 24 inches deep or greater: 
Uniform spacing of bars (but the required number of 
bars shall not be reduced): 
Uniform spacing of stirrups and ties (but the required 
number of stirrups and ties shall not be reduced): 

 
 

±1/4 
 

-1/4, +1/2 
-1/4, +1 

 
±2 

 
±1 

 
Longitudinal locations of bends and ends of 
reinforcement - 

General: 
Discontinuous ends of members: 
Length of bar laps: 

 
 

±2 
±1/2 

-1-1/2 

 
Embedded length - 

For bar sizes No. 3 through 11: 
For bar sizes No. 14 and 18: 

 
 

-1 
-2 
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Table 03211B 
 MINIMUM CONCRETE COVER FOR REINFORCEMENT 
 

 
 

SURFACE 

 
MINIMUM COVER IN 

INCHES 

 
Beams and Columns - 
 
Exposed to earth, water, sewage or weather - 

Stirrups and ties: 
Principal reinforcement: 

 
 
 
 

2 
2-1/2 

 
Walls - 
 
Formed concrete surfaces exposed to earth, water, 
sewage or weather, or in contact with ground -  

All others:  

 
 
 
 

2 
2 

 
Footings and Base Slabs -  

At formed surfaces and bottoms bearing on concrete 
work mat: 
At unformed surfaces and bottoms in contact with 
earth: 
Over top of piles: 

Top of footings -- same as slabs 

 
 
 

2 
3 
2 
 

 
END OF SECTION 
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    Section 03310 
 
 STRUCTURAL CONCRETE  

PART 1: G E N E R A L 

1.01 1.01 SECTION INCLUDES 

A. Cast-in-place normal-weight structural concrete and mass concrete. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A. 

B. Under Section 00410, Part B, Paragraph C, Extra Unit Price Table, Contractor 
is required to provide unit prices for specified quantities of concrete, specified 
under this section. These Bid Items are included to provide a price for 
additional quantities of concrete required to complete the project, beyond the 
quantities necessary to complete the Work included in the Stipulated Price in 
Section 00410 Part B, Paragraph A.  Unit Bid Price shall include all labor, 
material, warranty, equipment and incidentals, including related work 
specified in related Sections.  Measurement for extra structural concrete is on 
cubic-yard basis.  Final quantities for unit price bid items will be determined in 
accordance with the General Conditions and Section 01270 – Measurement 
and Payment.  Extra unit price work is paid only when authorized in advance 
by the CM/PM. 

1.03 REFERENCES 

A. ACI 301 - Specifications for Structural Concrete for Buildings. 

B. ACI 304.2R - Placing Concrete by Pumping Methods 

C. ACI 305R - Hot Weather Concreting. 

D. ACI 306.1 - Standard Specification for Cold Weather Concreting. 

E. ACI 309R - Guide for Consolidation of Concrete. 

F. ACI 318 - Building Code Requirements for Reinforced Concrete. 

G. ACI 350 – Code Requirements for Environmental Engineering Concrete 
Structures. 
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H. ASTM C 31 - Standard Practice for Making and Curing Concrete Test 
Specimens in the Field. 

I. ASTM C 33 - Standard Specification for Concrete Aggregates. 

J. ASTM C 39 - Standard Test Method for Compressive Strength of Cylindrical 
Concrete Specimens. 

K. ASTM C 42 - Standard Method of Obtaining and Testing Drilled Cores and 
Sawed Beams of Concrete. 

L. ASTM C 88 - Standard Test Method for Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate. 

M. ASTM C 94 - Standard Specifications for Ready-Mixed Concrete. 

N. ASTM C 127 - Standard Test Method for Specific Gravity and Absorption of 
Coarse Aggregate. 

O. ASTM C 131 - Standard Test Method for Resistance to Degradation of Small-
Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine. 

P. ASTM C 136 - Sieve Analyses of Fine and Coarse Aggregates. 

Q. ASTM C 143 - Standard Test Method for Slump of Hydraulic Cement 
Concrete. 

R. ASTM C 150 - Standard Specification for Portland Cement. 

S. ASTM C 157 - Test Method for Length Change of Hardened Hydraulic 
Cement Mortar and Concrete. 

T. ASTM C 172 - Standard Practice for Sampling Freshly Mixed Concrete. 

U. ASTM C 173 - Standard Test Method for Air Content of Freshly Mixed 
Concrete by the Volumetric Method. 

V. ASTM C 192 - Method of Making and Curing Concrete Test Specimens in the 
Laboratory. 

W. ASTM C 231 - Standard Test Method for Air Content of Freshly Mixed 
Concrete by the Pressure Method. 

X. ASTM C 260 - Standard Specification for Air-Entraining Admixtures for 
Concrete. 

Y. ASTM C 330 - Standard Specification for Lightweight Aggregates for 
Structural Concrete. 
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Z. ASTM C 494 - Standard Specification for Chemical Admixtures for Concrete. 
 

AA. ASTM C 535 - Standard Test Method for Resistance to Degradation of 
Large-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles 
Machine. 

BB. ASTM C 567 - Standard Test Method for Unit Weight of Structural 
Lightweight Concrete. 

CC. ASTM C 1064 - Standard Test Method for Temperature of Freshly Mixed 
Portland Cement Concrete. 

DD. Concrete Plant Manufacturer's Bureau (CPMB), Plant Mixer Manufacturers 
Division:  Concrete Plant Mixer Standards. 

EE. National Ready-Mixed Concrete Association (NRMCA):  Certification of 
Ready-Mixed Concrete Production Facilities (checklist with instructions). 

FF. John Wiley and Sons, Interscience Publishers Division, "Encyclopedia of 
Industrial Chemical Analysis," Vol. 15, Page 230 (alkalinity test procedure). 

1.04 DEFINITIONS 

A. Mass Concrete:  Concrete sections 4 feet or more in least dimension. 

B. Hot Weather:  Any combination of high air temperature, low relative humidity 
and wind velocity tending to impair quality of fresh or hardened concrete or 
otherwise resulting in abnormal properties. 

C. Cold Weather:  Period when, for more than 2 successive days, mean daily 
temperature is below 40 degrees F. 

1.05 SUBMITTALS 

A. Conform to Section 01330 – Submittal Procedures and Section 01340 – Shop 
Drawings, Product Data and Samples. 

B. Mill Certificates:  Required for bulk cement. 

C. Design Mixes: 
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1. Submit test data on proposed design mixes for each type of concrete in 
the Work, including each class, and variations in type, source or quantity 
of material.   Include type, brand and amount of cementitious materials; 
type, brand and amount of each admixture; slump; air content; aggregate 
sources, gradations, specific gravity and absorption; total water (including 
moisture in aggregate); water/cement ratio; compressive strength test 
results for 7 and 28 days; and shrinkage tests for Class A and D concrete 
at 21 or 28 days of drying. 

2. Submit abrasion loss and soundness test results for limestone aggregate. 

3. Testing of aggregates, including sieve analysis, shall be performed by a 
certified independent testing laboratory.  Tests shall have been performed 
no earlier than 3 months before Notice to Proceed. 

4. Provide standard deviation data for plant producing concrete.  Data shall 
include copies of laboratory test results and standard deviation calculated 
in accordance with ACI 318, Item 5.3.1.  Laboratory tests shall have been 
performed within past 12 months.  When standard deviation data is not 
available, comply with ACI 318, Table 5.3.2.2. 

5. Review and acceptance of mix design does not relieve Contractor of 
responsibility to provide concrete of quality and strength required by these 
Specifications. 

D. Admixtures:  Submit manufacturer's technical information, including following: 

1. Air-Entraining Admixture:  Give requirements to control air content under 
all conditions, including temperature variations and presence of other 
admixtures. 

2. Chemical Admixtures:  Give requirements for quantities and types to be 
used under various temperatures and job conditions to produce uniform, 
workable concrete mix.  Submit evidence of compatibility with other 
admixtures and cementitious materials proposed for use in design mix. 

E. High-range Water Reducer (Superplasticizer):  When proposed for use, 
submit manufacturer's technical information and instructions for use of 
superplasticizer.  State whether superplasticizer will be added at ready-mix 
plant or job site.  When superplasticizer will be added at job site, submit 
proposed plan for measuring and adding superplasticizer to concrete mix at 
job site, and establish dosing area on site with holding tanks and metering 
devices.  When superplasticizer is to be added at ready-mix plant, submit 
contingency plans for adding additional superplasticizer at job site when 
required due to delay in placing concrete.  Identify portions of Work on which 
superplasticizer is proposed for use. 
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F. Hot and Cold Weather Concreting:  Submit, when applicable, proposed plans 
for hot and cold weather concreting.  Review and acceptance of proposed 
procedure will not relieve Contractor of responsibility for quality of finished 
product. 

G. Project Record Drawings:  Accurately record actual locations of embedded 
utilities and components which are concealed from view. 

1.06 QUALITY ASSURANCE 

A. Provide necessary controls during evaluation of materials, mix designs, 
production and delivery of concrete, placement and compaction to assure that 
the Work will be accomplished in accordance with Contract Documents.  
Maintain records of concrete placement.  Record dates, locations, quantities, 
air temperatures, and test samples taken. 

B. Code Requirements:  Concrete construction for buildings shall conform to ACI 
318.  Concrete construction for water and wastewater treatment and 
conveying or containment structures shall conform to ACI 350.  Where this 
Specification conflicts with ACI 318 or ACI 350, this Specification governs. 

C. Testing and Other Quality Control Services: 

1. Concrete testing required in this section, except concrete mix design, 
limestone aggregate test data, and testing of deficient concrete, will be 
performed by an independent commercial testing laboratory employed and 
paid by the City in accordance with Section 01454 - Testing Laboratory 
Services. 

2. Provide material for and cooperate fully with City's testing laboratory 
technician in obtaining samples for required tests. 

3. Standard Services: The following testing and quality control services will 
be provided by City in accordance with Section 01454, Testing Laboratory 
Services: 

a. Verification that plant equipment and facilities conform to NRMCA 
"Certification of Ready-Mix Concrete Production Facilities". 

b. Testing of proposed materials for compliance with this Specification. 

c. Review of proposed mix design submitted by Contractor. 

d. Obtaining production samples of materials at plants or stockpiles 
during work progress and testing for compliance with this Specification. 

e. Strength testing of concrete according to following procedures: 
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1) Obtaining samples for field test cylinders from every 100 cubic 
yards and any portion less than 100 cubic yards for each mix 
design placed each day, according to ASTM C 172, with each 
sample obtained from a different batch of concrete on a 
representative, random basis.  Selecting test batches by any 
means other than random numbers chosen before concrete 
placement begins is not allowed. 

2) Molding four specimens from each sample according to ASTM C 
31, and curing under standard moisture and temperature conditions 
as specified in Sections 7(a) and (b) of ASTM C 31. 

3) Testing two specimens at 7 days and two specimens at 28 days 
according to ASTM C 39, reporting test results averaging strengths 
of two specimens.  However, when one specimen evidences 
improper sampling, molding or testing, it will be discarded and 
remaining cylinder considered test result.  When high-early-strength 
concrete is used, specimens will be tested at 3 and 7 days. 

f. Air content:  For each strength test, determination of air content of 
normal weight concrete according to ASTM C 231. 

g. Slump:  For each strength test, and whenever consistency of concrete 
appears to vary, conducting slump test in accordance with ASTM C 
143. 

h. Temperature:  For each strength test, checking concrete temperature 
in accordance with ASTM C 1064. 

i. Monitoring of current and forecasted climatic conditions to determine 
when rate of evaporation, as determined by Figure 2.1.5 of ACI 305R, 
will produce loss of 0.2 pounds of water, or more, per square foot per 
hour.  Testing lab representative will advise Contractor to use hot 
weather precautions when such conditions will exist during concrete 
placement, and  note on concrete test reports when Contractor has 
been advised that hot weather conditions will exist. 

j. Class A and D Concrete Shrinkage Tests:  Performance of drying 
shrinkage tests for trial batches as follows: 
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1) Preparation and Testing of Specimens:  Compression and drying 
shrinkage test specimens will be taken in each case from the same 
concrete sample; shrinkage tests will be considered a part of the 
normal compression tests for the project.  4-inch by 4-inch by 11-
inch prisms with an effective gage length of 10 inches, fabricated, 
cured, dried and measured in accordance with ASTM C 157, 
modified as follows: 

a) Wet curing:  Remove specimens from molds at an age of 23 
hours ±1 hour after trial batching and immediately immerse in 
water at 70 degrees F ±3 degrees F for at least 30 minutes; 

 

b) Measure within 30 minutes after first 30 minutes of immersion to 
determine original length (not to be confused with "base 
length"); 

c) Then submerge in saturated limewater, at 73 degrees F ±3 
degrees F, for 7 days; 

d) Then measure at age 7 days to establish "base length" for 
drying shrinkage calculations ("zero" days drying age); 

e) Calculate expansion (base length expressed as a percentage of 
original length); 

f) Immediately store specimens in a temperature- and humidity-
controlled room maintained at 73 degrees F, +3 degrees F and 
50 percent +4 percent relative humidity, for the remainder of the 
test. 

g) Measure to determine shrinkage, expressed as percentage of 
base length.  Compute the drying shrinkage deformation of each 
specimen as the difference between the base length (at “zero” 
days drying age) and the length after drying at each test age.  
Compute the average drying shrinkage deformation of the 
specimens to the nearest 0.0001 inch at each test age.  If the 
drying shrinkage of any specimen departs from the average of 
that test age by more than 0.0004 inch, disregard the results 
obtained from that specimen.  Report results of shrinkage tests 
to the nearest 0.001 percent of shrinkage. 

h) Report shrinkage separately for 7, 14, 21, and 28 days of drying 
after 7 days of moist curing. 
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4. Additional Testing and Quality Control Services:  The following will be 
performed by an independent commercial testing laboratory employed and 
paid by the City in accordance with Section 01454, Testing Laboratory 
Services, when requested by City Engineer. 

a. Checking of batching and mixing operations. 

b. Review of manufacturer's report of each cement shipment and 
conducting laboratory tests of cement. 

c. Molding and testing reserve 7-day cylinders or field cylinders. 

d. Conducting additional field tests for slump, concrete temperature and 
ambient temperature. 

e. Alkalinity Tests:  For concrete used in sanitary structures, one test for 
each structure.  Perform alkalinity tests on concrete covering 
reinforcing steel on the inside of the pipe or structure in accordance 
with "Encyclopedia of Industrial Chemical Analysis," Vol. 15, page 230. 

5. Contractor shall provide the following testing and quality control services: 

a. Employ an independent commercial testing laboratory, acceptable to 
City, to prepare and test design mix for each class of concrete for 
which material source has been changed. 

b. Notify commercial testing laboratory employed by City 24 hours prior to 
placing concrete. 

6. Testing of deficient concrete in place: 

a. When averages of three consecutive strength test results fail to equal 
or exceed specified strength, or when any individual strength test result 
falls below specified strength by more than 500 psi, strength of 
concrete shall be considered potentially deficient and core testing, 
structural analysis or load testing may be required by Project Manager. 

b. When concrete in place proves to be deficient, Contractor shall pay 
costs, including costs due to delays, incurred in providing additional 
testing and analysis services provided by the City Engineer, or the 
independent commercial testing laboratory selected by the City. 

c. Replace concrete work judged inadequate by core tests, structural 
analysis or load tests at no additional cost to the City. 

d. Core Tests: 
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1) Obtain and test cores in accordance with ASTM C 42.  Where 
concrete in structure will be dry under service conditions, air dry 
cores (temperature 60 to 80 degrees F, relative humidity less than 
60 percent) for 7 days before test; test dry.  Where concrete in 
structure will be more than superficially wet under service 
conditions, test cores after moisture conditioning in accordance with 
ASTM C 42. 

2) Take at least three representative cores from each member or area 
of concrete in place that is considered potentially deficient.  
Location of cores shall be determined by Project Manager so as to 
least impair strength of structure.  When, before testing, one or 
more cores shows evidence of having been damaged during or 
after removal from structure, replace the damaged cores. 

3) Concrete in area represented by core test will be considered 
adequate when average strength of cores is equal to at least 85 
percent of specified strength, and when no single core is less than 
75 percent of specified strength. 

4) Patch core holes in accordance with Section 03350 - Concrete 
Finishing. 

e. Structural Analysis:  When core tests are inconclusive or impractical to 
obtain, Project Manager may perform additional structural analysis at 
Contractor's expense to confirm safety of structure. 

f. Load Tests:  When core tests and structural analysis do not confirm 
safety of structure, load tests may be required, and their results 
evaluated, in accordance with ACI 318. 

g. Testing by impact hammer, sonoscope, probe penetration tests 
(Windsor probe), or other nondestructive device may be permitted by 
Project Manager to determine relative strengths at various locations in 
structure, to evaluate concrete strength in place, or for selecting areas 
to be cored.  However, such tests, unless properly calibrated and 
correlated with other test data, shall not be used as basis for 
acceptance or rejection of structure's safety. 

1.07 STORAGE AND HANDLING OF MATERIALS 

A. Cement:  Store cement in weathertight buildings, bins or silos to provide 
protection from dampness and contamination and to minimize warehouse set.  
When there is any doubt as to expansive potential of shrinkage-compensating 
cements because of method or length of storage and exposure, laboratory 
test cement before use. 
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B. Aggregate:  Arrange and use aggregate stockpiles to avoid excessive 
segregation or contamination with other materials or with other sizes of like 
aggregates.  Build stockpiles in successive horizontal layers not exceeding 3 
feet in thickness.  Complete each layer before next is started. 

C. Fine Aggregate:  Before using, allow fine aggregate to drain until uniform 
moisture content is reached. 

D. Admixtures:  Store admixtures to avoid contamination, evaporation or 
damage.  For those used in form of suspensions or nonstable solutions, 
provide suitable agitating equipment to assure uniform distribution of 
ingredients.  Protect liquid admixtures from freezing and other temperature 
changes which would adversely affect their characteristics. 

PART 2: P R O D U C T S 

2.01 MATERIALS 

A. Cement: 

1. Use same brand of cement used in concrete mix design.  Use only one 
brand of each type in each structure, unless otherwise indicated on 
Drawings. 

2. Portland Cement: ASTM C 150, Type I or Type II, gray in color.  Use Type 
III only when specifically authorized by City Engineer in writing.  Use Type 
II, including the requirements of Table 2, in construction of liquid-
containing structures and cooling towers, unless shown otherwise on 
Drawings. 

B. Admixtures: 

1. Do not use calcium chloride, thiocyanate or admixtures containing more 
than 0.05 percent chloride ions. 

2. Air-Entraining Admixtures:  ASTM C 260, compatible with other 
admixtures used. 

3. Chemical Admixtures:  Polymer type, nonstaining, chloride-free 
admixtures conforming to ASTM C 494, Type A, C, D or E. 

4. High-Range Water Reducer (Superplasticizer):  ASTM C 494, Type F or 
G, compatible with and by the same manufacturer as other admixtures. 
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C. Mixing Water:  Use clean, potable water, free from harmful amounts of oils, 
acids, alkalis or other deleterious substances, meeting requirements of ASTM 
C 94. 

D. Aggregates:  Use coarse aggregate from only one source, and fine aggregate 
from only one source, for exposed concrete in any single structure. 

1. Coarse Aggregate:  Gravel, crushed gravel or crushed limestone 
conforming to ASTM C 57. 

2. Fine Aggregate:  Natural sand complying with ASTM C 33. 

3. Limestone aggregate shall conform to ASTM C 33 and the following 
additional requirements:  Clean, hard, strong and durable particles free of 
chemicals and coatings of silt, clay, or other fine materials that may affect 
hydration and bond of cement paste.  Select crushed limestone: High-
calcium limestone (minimum 95 percent CaCO3 and maximum 3.5 percent 
MgCO3) with maximum Los Angeles Abrasion loss of 38 percent, when 
tested in accordance with ASTM C 131 or ASTM C 535.  Test aggregate 
for soundness in accordance with ASTM C 88; maximum loss shall not 
exceed 18 percent after 5 cycles of magnesium sulfate test. 

4. Maximum size of coarse aggregate: 

a. Normal weight concrete, except as noted below:  1-1/2 inches. 

b. Formed members 6 inches or less in least dimension:  1/5 least 
dimension. 

c. Slabs:  1/3 depth of slab. 

d. Concrete fill, seal slabs and bonded concrete topping in clarifiers:  3/8 
inch. 

E. Calcium Chloride:  Not permitted. 

F. Evaporation Retardant: Masterbuilders "Confilm", Euclid "Eucobar", or equal. 

G. Miscellaneous Materials: 

1. Bonding Agent:  Two-component modified epoxy resin. 

2. Vapor barrier: 10 mil clear polyethylene film of type recommended for 
below-grade application. 
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3. Non-shrink grout:  premixed compound consisting of non-metallic 
aggregate, cement and water-reducing and plasticizing agents; capable of 
developing minimum compressive strength of 2,400 psi in 48 hours and 
7,000 psi in 28 days. 

2.02 CONCRETE MIX 

A. Objective:  Select proportions of ingredients to produce concrete having 
proper placability, durability, strength, appearance, and other specified 
properties. 

B. Mix Design:  Employ and pay an independent commercial testing laboratory, 
acceptable to City, to prepare and test mix designs for each type of concrete 
specified.  Proportion mix design ingredients by weight.  Submit mix designs 
and test results for approval. 

1. During the trial batches, aggregate proportions may be adjusted by the 
testing laboratory using two coarse aggregate size ranges to obtain the 
required properties.  If one size range produces an acceptable mix, a 
second size range need not be used.  Such adjustments shall be 
considered refinements to the mix design and shall not be the basis for 
extra compensation to the Contractor.  Concrete shall conform to the 
requirements of this Section, whether the aggregate proportions are from 
the Contractor's preliminary mix design, or whether the proportions have 
been adjusted during the trial batch process.  Prepare trial batches using 
the aggregates, cement and admixtures proposed for the project.  Make 
trial batches large enough to obtain 3 drying shrinkage test specimens and 
6 compression test specimens from each batch.  Shrinkage testing is 
required only for Class A and D concrete. 

2. Determine compressive strength by testing 6-inch diameter by 12-inch 
high cylinders, made, cured and tested in accordance with ASTM C 192 
and ASTM C 39.  Test 3 compression test cylinders at 7 days and 3 at 28 
days.  Average compressive strength for the 3 cylinders tested at 28 days 
for any given trial batch shall be not less than 125 percent of the specified 
compressive strength. 

3. Perform sieve analysis of the combined aggregate for each trial batch 
according to of ASTM C 136.  Report percentage passing each sieve. 

4. In mix designs for Class A and D concrete, fine aggregate shall not 
exceed 41 percent of total aggregate by weight. 

C. Shrinkage Limitations, Class A and D Concrete 

03310-12 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 STRUCTURAL CONCRETE 

1. Maximum concrete shrinkage for specimens cast in the laboratory from 
the trial batch:  0.036 percent as measured at 21-day drying age, or 0.042 
percent at 28-day drying age.  Use for construction only mix designs that 
meet trial batch shrinkage requirements.  Shrinkage limitations apply only 
to Class A and D concrete. 

2. Maximum concrete shrinkage for specimens cast in the field shall not 
exceed the trial batch maximum shrinkage requirement by more than 25 
percent. 

3. If the required shrinkage limitation is not met during construction, take any 
or all of the following actions, at no additional cost to the City, for securing 
the specified shrinkage requirements: Changing the source or aggregates, 
cement or admixtures; reducing water content; washing of aggregate to 
reduce fines; increasing the number of construction joints; modifying the 
curing requirements; or other actions designed to minimize shrinkage or 
its effects. 

D. Selecting Ingredient Proportions for Concrete:   

1. Proportion concrete mix according to ACI 301, Chapter 3. 

2. Establish concrete mix design by laboratory trial batches prepared by 
independent testing laboratory, or on basis of previous field experience in 
accordance with provisions of ACI 318, Item 5.3; however, minimum 
cement content for each class of concrete shall not be less than specified.   

3. Concrete mix design data submitted for review shall have average 28-day 
compressive strength calculated in accordance with ACI 318, Item 5.3.2.1.  
When data is not available to determine standard deviation in accordance 
with ACI 318, Item 5.3.1, average 28-day strength of mix design shall 
conform to ACI 318, Table 5.3.2.2. 

E. Water-Cement Ratios: 

1. Maximum allowable water-cement ratios shall be as follows: 

a. Concrete for liquid-containing structures:  0.42. 

b. Concrete subjected to brackish water, salt spray or deicers:  0.40. 

c. All other concrete:  0.45. 

2. Superplasticizer may be added to maintain specified maximum water-
cement ratios.  Include free water in aggregate in water-cement ratio 
computations. 
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F. Adjustment of Mix Proportions:  After sufficient data becomes available during 
construction, mix may be adjusted upon approval of Project Manager, in 
accordance with ACI 318, Item 5.5; however, minimum cement content for 
each class of concrete shall not be less than specified. 

G. Entrained Air:  Air-entrain all concrete except drilled shafts.  Total air content 
in accordance with ASTM C 173: 4 to 6 percent. 

H. Consistency, Workability, and Slump: 

1. The quantity of water in a batch of concrete shall be just sufficient, with a 
normal mixing period, to produce concrete which can be worked 
properly into place without segregation, and which can be compacted 
by vibratory methods as specified, to give the desired strength, density, 
impermeability and smoothness of surface.  Change the quantity of 
water as necessary, with variations in the nature or moisture content of 
the aggregates, to maintain uniform production of a desired 
consistency.  Determine the consistency of the concrete in successive 
batches by slump tests in accordance with ASTM C 143.  Slumps shall 
be as follows: 
 
Concrete Type   Minimum Slump Maximum Slump 
 
Portland Cement Concrete:  2"   4" 
 
Concrete to be dosed with  
superplasticizer:    1"   3" 
 
Normal Weight Concrete after  
dosing with superplasticizer:  4"   9" 

2. Specified slump shall apply at time when concrete is discharged at job 
site.  Perform slump tests to monitor uniformity and consistency of 
concrete delivered to job site; however, do not use as basis for mix 
design.  Do not exceed water-cement ratios specified. 

I. Admixtures:  Proportion admixtures according to manufacturer's 
recommendations.  Use of accelerator is permitted when air temperature is 
less than 40 degrees F.  Use of retarder is permitted when temperature of 
placed concrete exceeds 65 degrees F. 

J. High-Range Water Reducers (Superplasticizers):  Use superplasticizer to 
improve workability of concrete or delay hydration of cement, in accordance 
with requirements and recommendations of product manufacturer and 
approved submittals. 
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K. Concrete Classification and Strength: 

1. Strength:  Conform to values for class of concrete indicated on Drawings 
for each portion of Work.  Requirements are based on 28-day 
compressive strength.  If high early-strength concrete is allowed, 
requirements are based on 7-day compressive strength. 

2. Classification: 
 
Class    Minimum 28-Day 
(Normal-  Compressive Strength Minimum Cement Content 
 weight)                 (psi)                  Pounds per Cubic Yard   
 
Concrete for Structures Containing Water or Wastewater 

 
A    4500    611 (6 ½ Sacks) 
B    1500    329 (3-1/2 Sacks) 
C    3000    470 (5 Sacks) 
D    5000    658 (7 Sacks) 
H    3000    611 (6-1/2 Sacks) 
 
Concrete for Buildings, Slabs on Grade and Miscellaneous Structures 

 
AB   4000    Not Applicable 
BB   1500    Not Applicable 
CB   3000    Not Applicable 
DB   5000    Not Applicable 

3. Maximum size aggregate for Class H concrete: 3/8 inch.  Maximum size 
aggregate for all other normal-weight concrete: 1-1/2 inches, except as 
specified in Paragraph 2.01D.4. 

4. When required strength is not obtained with minimum cement content as 
specified, add cement, lower water-cement ratio or provide other 
aggregates as necessary. 

L. Use of Classes of Concrete: 

1. Use classes of concrete as indicated on the Drawings and in other 
specifications. 

2. Liquid-containing structures:  If not otherwise indicated, use the following 
classes for structures containing water or wastewater and for utility 
applications in the locations described: 

a. Class A:  All reinforced concrete and where not otherwise defined. 
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b. Class B:  Unreinforced concrete used for plugging pipes, seal slabs, 
thrust blocks and trench dams, unless indicated otherwise. 

c. Class H:  Fill and topping.  Where concrete fill thickness exceeds 3 
inches  in the majority of a placement and is not less than 1.5 inches 
thick, Class A concrete may be used. 

3. All other structures:  If not otherwise indicated, use the following classes in 
the locations described: 

a. Class AB:  All reinforced concrete and where not otherwise defined. 

b. Class CB:  Duct banks; see Section 16402 - Underground Duct Banks 
for additional requirements. 

c. Class BB:  Unreinforced concrete fill under structures. 

2.03 MIXING NORMAL WEIGHT CONCRETE 

A. Conform to ACI 301, Chapter 7. 

B. Ready-Mixed Concrete: 

1. Measure, batch, mix and transport ready-mixed concrete according to 
ASTM C 94.  Plant equipment and facilities shall conform to NRMCA 
"Certification of Ready Mixed Concrete Production Facilities". 

2. Provide batch tickets with information specified in ASTM C 94.  Deliver 
batch ticket with concrete and give to City's on-site testing laboratory 
representative. 

C. Batch Mixing at Site: 

1. Mix concrete in batch mixer conforming to requirements of CPMB 
"Concrete Plant Mixer Standards".  Use mixer equipped with suitable 
charging hopper, water storage tank and water measuring device.  Batch 
mixer shall be capable of mixing aggregates, cement and water into 
uniform mass within specified mixing time, and of discharging mix without 
segregation.  Operate mixer according to rated capacity and 
recommended revolutions per minute printed on manufacturer's rating 
plate. 

2. Charge batch into mixer so some water will enter before cement and 
aggregates.  Keep water running until one-fourth of specified mixing time 
has elapsed.  Provide controls to prevent discharging until required mixing 
time has elapsed.  When concrete of normal weight is specified, provide 
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controls to prevent addition of water during mixing.  Discharge entire batch 
before mixer is recharged. 

3. Mix each batch of 2 cubic yards or less for not less than 1 minute and 30 
seconds.  Increase minimum mixing time 15 seconds for each additional 
cubic yard or fraction of cubic yard. 

4. Keep mixer clean.  Replace pick-up and throw-over blades in drum when 
they have lost 10 percent of original depth. 

D. Admixtures: 

1. Charge air-entraining and chemical admixtures into mixer as solution 
using automatic dispenser or similar metering device.  Measure admixture 
to accuracy within + 3 percent.  Do not use admixtures in powdered form. 

2. Two or more admixtures may be used in same concrete, provided that 
admixtures in combination retain full efficiency and have no deleterious 
effect on concrete or on properties of each other.  Inject admixtures 
separately during batching sequence. 

3. Add retarding admixtures as soon as practicable after addition of cement. 

E. Temperature Control: 

1. When ambient temperature falls below 40 degrees F, keep as-mixed 
temperature above 55 degrees F to maintain concrete above minimum 
placing temperature. 

2. When water or aggregate has been heated, combine water with aggregate 
in mixer before cement is added.  Do not add cement to mixtures of water 
and aggregate when temperature of mixture is greater than 100 
degrees F. 

3. In hot weather, maintain temperature of concrete below maximum placing 
temperature.  When necessary, temperature may be lowered by cooling 
ingredients, cooling mixer drum by fog spray, using chilled water or well-
crushed ice in whole or part for added water, or arranging delivery 
sequence so that time of transport and placement does not generate 
unacceptable temperatures. 

4. Submit hot weather and cold weather concreting plans for approval. 

2.04 MASS CONCRETE 

A. Do not use high early-strength cement (Type III) or accelerating admixtures. 
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B. Use high-range water-reducing admixture (superplasticizer) to minimize water 
content and cement content. 

C. Specified water-reducing retarding admixture may be required to prevent cold 
joints when placing large quantities of concrete, to permit revibration of 
concrete, to offset effects of high temperature in concrete or weather, and to 
reduce maximum temperature or rapid temperature rise. 

2.05 EQUIPMENT 

A. Select equipment of size and design to ensure continuous flow of concrete at 
delivery end.  Conform to following equipment and operations requirements. 

B. Truck mixers, agitators and manner of operation:  Conform to ASTM C 94.  
Use of non-agitating equipment for transporting concrete is not permitted. 

C. Belt conveyors: Configure horizontally, or at a slope causing no segregation 
or loss.  Use approved arrangement at discharge end to prevent separation.  
Discharge long runs without separation into hopper. 

D. Chutes:  Metal or metal-lined (other than aluminum).  Arrange for vertical-to-
horizontal slopes not more than 1 to 2 nor less than 1 to 3.  Chutes longer 
than 20 feet or not meeting slope requirements may be used if concrete is 
discharged into hopper before distribution. 

E. Do not use aluminum or aluminum-alloy pipe or chutes for conveying 
concrete. 

PART 3: E X E C U T I O N 

3.01 SPECIAL CONSIDERATIONS 

A. Concreting Under Water:  Not permitted except where shown otherwise on 
Drawings or approved by City Engineer.  When shown or permitted, deposit 
concrete under water by methods acceptable to the City Engineer so fresh 
concrete enters mass of previously-placed concrete from within, causing 
water to be displaced with minimum disturbance at surface of concrete. 

B. Protection from Adverse Weather:  Unless adequate protection is provided or 
City Engineer's approval is obtained, do not place concrete during rain, sleet, 
snow or freezing weather.  Do not permit rainwater to increase mixing water 
or to damage surface finish.  If rainfall occurs after placing operations begin, 
provide adequate covering to protect Work. 

3.02 PREPARATION OF SURFACES FOR CONCRETING 

A. Earth Surfaces:  
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1. Under interior slabs on grade, install vapor barrier.  Lap joints at least 6 
inches and seal watertight with tape, or sealant applied between 
overlapping edges and ends.  Repair vapor barrier damaged during 
placement of reinforcing and inserts with vapor barrier material; lap over 
damaged areas at least 6 inches and seal watertight. 

2. Other Earth Surfaces:  Thoroughly wet by sprinkling prior to placing 
concrete, and keep moist by frequent sprinkling up to time of placing 
concrete thereon.  Remove standing water.  Surfaces shall be free from 
standing water, mud and debris at the time of placing concrete. 

B. Construction Joints: 

1. Definition:  Concrete surfaces upon or against which concrete is to be 
placed, where the placement of the concrete has been interrupted so that, 
in the judgment of the Project Manager, new concrete cannot be 
incorporated integrally with that previously placed. 

2. Interruptions:  When placing of concrete is to be interrupted long enough 
for the concrete to take a set, use forms or other means to shape the 
working face to secure proper union with subsequent work.  Make 
construction joints only where acceptable to the Project Manager. 

3. Preparation:  Give horizontal joint surfaces a compacted, roughened 
surface for good bond.  Except where the Drawings call for joint surfaces 
to be coated, clean joint surfaces of laitance, loose or defective concrete 
and foreign material by hydroblasting or sandblasting (exposing 
aggregate), roughen surface to expose aggregate to a depth of at least 
1/4 inch and wash thoroughly.  Remove standing water from the 
construction joint surface before new concrete is placed. 

4. After surfaces have been prepared cover approximately horizontal 
construction joints with a 3-inch lift of a grout mix consisting of Class A 
concrete batched without coarse aggregate; place and spread grout 
uniformly.  Place wall concrete on the grout mix immediately thereafter. 

C. Set and secure reinforcement, anchor bolts, sleeves, inserts and similar 
embedded items in the forms where indicated on Contract Drawings, shop 
drawings and as otherwise required. Obtain Project Manager's acceptance 
before concrete is placed.  Accuracy of placement is the sole responsibility of 
the Contractor. 

D. Place no concrete until at least 4 hours after formwork, inserts, embedded 
items, reinforcement and surface preparation have been completed and 
accepted by the Project Manager.  Clean surfaces of forms and embedded 
items that have become encrusted with grout or previously-placed concrete 
before placing adjacent concrete. 
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E. Casting New Concrete Against Old:  Where concrete is to be cast against old 
concrete (any concrete which is greater than 60 days of age), thoroughly 
clean and roughen the surface of the old concrete by hydro-blasting or 
sandblasting (exposing aggregate).  Coat joint surface with epoxy bonding 
agent following manufacturer's written instructions, unless indicated 
otherwise.  Unless noted otherwise, this provision does not apply to vertical 
wall joints where waterstop is installed. 

F. Protection from Water:  Place no concrete in any structure until water entering 
the space to be filled with concrete has been properly cut off or diverted and 
carried out of the forms, clear of the work.  Deposit no concrete underwater.  
Do not allow still water to rise on any concrete until concrete has attained its 
initial set.  Do not allow water to flow over the surface of any concrete in a 
manner and at a velocity that will damage the surface finish of the concrete.  
Pumping, dewatering and other necessary operations for removing ground 
water, if required, are subject to Project Manager's review. 

G. Corrosion Protection:  Position and support pipe, conduit, dowels and other 
ferrous items to be embedded in concrete construction prior to placement of 
concrete so there is at least a 2 inch clearance between them and any part of 
the concrete reinforcement.  Do not secure such items in position by wiring or 
welding them to the reinforcement. 

H. Where practicable, provide for openings for pipes, inserts for pipe hangers 
and brackets, and setting of anchors during placing of concrete. 

I. Accurately set anchor bolts and maintain in position with templates while they 
are being embedded in concrete. 

J. Cleaning:  Immediately before concrete is placed, thoroughly clean dirt, 
grease, grout, mortar, loose scale, rust and other foreign substances from 
surfaces of metalwork to be in contact with concrete. 

3.03 HANDLING, TRANSPORTING AND PLACING CONCRETE 

A. Conform to applicable requirements of Chapter 8 of ACI 301 and this Section.  
Use no aluminum materials in conveying concrete. 

B. Rejected Work:  Remove concrete found to be defective or non-conforming in 
materials or workmanship.  Replace rejected concrete with concrete meeting 
requirements of Contract Documents, at no additional cost to the City. 

C. Unauthorized Placement:  Place no concrete except in the presence of the 
Project Manager.  Notify the Project Manager in writing at least 24 hours 
before placement of concrete. 

D. Placement in Wall Forms:  
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1. Do not drop concrete through reinforcing steel. 

2. Do not place concrete in any form so as to leave an accumulation of 
mortar on form surfaces above the concrete. 

3. Pump concrete or use hoppers and, if necessary, vertical ducts of canvas, 
rubber or metal (other than aluminum) for placing concrete in forms so it 
reaches the place of final deposit without separation.  Free fall of concrete 
shall not exceed 4 feet below the ends of pump hoses, ducts, chutes or 
buggies.  Uniformly distribute concrete during depositing. 

4. Do not displace concrete in forms more than 6 feet in horizontal direction 
from place where it was originally deposited. 

5. Deposit in uniform horizontal layers not deeper than 2 feet; take care to 
avoid inclined layers or inclined construction joints except where required 
for sloping members. 

6. Place each layer while the previous layer is still soft.  Rate of placement 
shall not exceed 5 feet of vertical rise per hour. 

7. Provide sufficient illumination in form interior so concrete at places of 
deposit is visible from the deck or runway. 

E. Conveyors and Chutes:  Design and arrange ends of chutes, hopper gates 
and other points of concrete discharge in the conveying, hoisting and placing 
system so concrete passing from them will not fall separated into whatever 
receptacle immediately receives it.  Conveyors, if used, shall be of a type 
acceptable to the City Engineer.  Do not use chutes longer than 50 feet.  
Slope chutes so concrete of specified consistency will readily flow.  If a 
conveyor is used, it shall be wiped clean by a device operated in such a 
manner that none of the mortar adhering to the belt will be wasted.  All 
conveyors and chutes shall be covered. 

F. Placement of Slabs:  In hot or windy weather, conducive to plastic shrinkage 
cracks, apply evaporation retardant to slab after screeding in accordance with 
manufacturer's instructions and recommendations.  Do not use evaporation 
retardant to increase water content of the surface cement paste.  Place 
concrete for sloping slabs uniformly from the bottom of the slab to the top, for 
the full width of the placement.  As work progresses, vibrate and carefully 
work concrete around slab reinforcement.  Screed the slab surface in an up-
slope direction. 

G. Concrete Temperature:  When placed, not more than 90 degrees F nor less 
than 55 degrees F for sections less than 12 inches thick, nor less than 50 
degrees for all other sections.  Do not heat concrete ingredients to a 
temperature higher than that necessary to keep the temperature of the mixed 
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concrete, as placed, from falling below the specified minimum temperature.  
When concrete temperature is 85 degrees F or above, do not exceed 60 
minutes between introduction of cement to the aggregates and discharge.  
When the weather is such that the concrete temperature would exceed 90 
degrees F, employ effective means, such as pre-cooling of aggregates and 
mixing water, using ice or placing at night, as necessary to maintain concrete 
temperature, as placed, below 90 degrees F. 

H. Cold Weather Placement:  Conform to ACI 306.1 - Standard Specification for 
Cold Weather Concreting, and the following. 

1. Remove snow, ice and frost from surfaces, including reinforcement, 
against which concrete is to be placed.  Before beginning concrete 
placement, thaw the subgrade to a minimum depth of 6 inches.  Warm 
reinforcement and embedded items to above 32 degrees F prior to 
concrete placement. 

2. Maintain concrete temperature above 50 degrees F for at least 3 days 
after placement. 

3.04 PUMPING OF CONCRETE 

A. If pumped concrete does not produce satisfactory results, in the judgment of 
the Project Manager, discontinue pumping operations and proceed with the 
placing of concrete using conventional methods. 

B. Pumping Equipment:  Use a 2-cylinder pump designed to operate with only 
one cylinder if one is not functioning, or have a standby pump on site during 
pumping. 

C. The minimum hose (conduit) diameter:  Comply with ACI 304.2R. 

D. Replace pumping equipment and hoses (conduits) that do not function 
properly. 

E. Do not use aluminum conduits for conveying concrete. 

F. Field Control:  Take samples for slump, air content and test cylinders at the 
placement (discharge) end of the line. 

3.05 CONCRETE PLACEMENT SEQUENCE 

A. Place concrete in a sequence acceptable to the Project Manager.  To 
minimize effects of shrinkage, place concrete in units bounded by 
construction joints shown.  Place alternate units so each unit placed has 
cured at least 7 days for hydraulic structures, or 3 days for other structures, 
before contiguous unit or units are placed, except do not place corner 
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sections of vertical walls until the 2 adjacent wall panels have cured at least 
14 days for hydraulic structures and 7 days for other structures. 

B. Level the concrete surface whenever a run of concrete is stopped.  To ensure 
straight and level joints on the exposed surface of walls, tack a wood strip at 
least 3/4-inch thick to the forms on these surfaces.  Carry concrete about 1/2 
inch above the underside of the strip.  About one hour after concrete is 
placed, remove the strip, level irregularities in the edge formed by the strip 
with a trowel and remove laitance. 

3.06 TAMPING AND VIBRATING 

A. Thoroughly settle and compact concrete throughout the entire depth of the 
layer being consolidated, into a dense, homogeneous mass; fill corners and 
angles, thoroughly embed reinforcement, eliminate rock pockets and bring 
only a slight excess of water to the exposed surface of concrete during 
placement.  Use ACI 309R Group 3 immersion-type high-speed power 
vibrators (8,000 to 12,000 rpm) in sufficient number and with sufficient (at 
least one) standby units.  Use Group 2 vibrators only when accepted by the 
City Engineer for specific locations. 

B. Use care in placing concrete around waterstops. Carefully work concrete by 
rodding and vibrating to make sure air and rock pockets have been 
eliminated.  Where flat-strip type waterstops are placed horizontally, work 
concrete under waterstops by hand, making sure air and rock pockets have 
been eliminated.  Give concrete surrounding the waterstops additional 
vibration beyond that used for adjacent concrete placement to assure 
complete embedment of waterstops in concrete. 

C. Concrete in Walls:  Internally vibrate, ram, stir, or work with suitable 
appliances, tamping bars, shovels or forked tools until concrete completely 
fills forms or excavations and closes snugly against all surfaces.  Do not place 
subsequent layers of concrete until previously-placed layers have been so 
worked.  Provide vibrators in sufficient numbers, with standby units as 
required, to accomplish the results specified within 15 minutes after concrete 
of specified consistency is placed in the forms.  Keep vibrating heads from 
contact with form surfaces.  Take care not to vibrate concrete excessively or 
to work it in any manner that causes segregation of its constituents.  

3.07 PLACING MASS CONCRETE 

A. Observe the following additional restrictions when placing mass concrete. 

1. Use specified superplasticizer. 

2. Maximum temperature of concrete when deposited:  70 degrees F. 
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3. Place in lifts approximately 18 inches thick.  Extend vibrator heads into 
previously-placed layer. 

3.08 REPAIRING SURFACE DEFECTS AND FINISHING 

A. Conform to Section 03350 - Concrete Finishing. 

3.09 CURING 

A. Conform to Section 03390 - Concrete Curing. 

3.10 PROTECTION 

A. Protect concrete against damage until final acceptance by the City. 

B. Protect fresh concrete from damage due to rain, hail, sleet or snow.  Provide 
such protection while the concrete is still plastic and whenever such 
precipitation is imminent or occurring. 

C. Do not backfill around concrete structures or subject them to design loadings 
until all components of the structure needed to resist the loading are complete 
and have reached the specified 28-day compressive strength, except as 
authorized otherwise by the City Engineer. 

 
 END OF SECTION 
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SECTION 03350 
 
 CONCRETE FINISHING 

PART 1: PART 1    G E N E R A L 

1.01 SECTION INCLUDES 

A. Repairing surface defects. 

B. Finishing concrete surfaces including both formed and unformed surfaces. 

C. Sealing concrete surfaces. 

D. Installation of concrete fill and installation of concrete topping in bottoms of 
clarifiers and thickeners. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for concrete finishing provided under this 
Section.  Include the cost for this work in the lump sum Stipulated Price in 
Section 00410, Part B, Paragraph A. 

B. Under Section 00410, Part B, Paragraph C, Extra Unit Price Table, Contractor 
is required to provide unit prices for specified quantities of concrete, specified 
in Section 003310. These Bid Items are included to provide a price for 
additional quantities of concrete required to complete the project, beyond the 
quantities necessary to complete the Work included in the Stipulated Price in 
Section 00410 Part B, Paragraph A.  Unit Bid Price for concrete quantities 
shall include all necessary concrete finishing.  No separate unit price payment 
will be made for concrete finishing.  Final quantities for unit price bid items will 
be determined in accordance with the General Conditions and Section 01270 
– Measurement and Payment.  Extra unit price work is paid only when 
authorized in advance by the CM/PM. 

1.03 REFERENCES 

A. ASTM C 144 - Standard Specification for Aggregate for Masonry Mortar. 

B. ASTM C 881 - Specification for Epoxy-Resin-Base Bonding Systems for 
Concrete. 

C. ASTM C 1059 - Standard Specification for Latex Agents for Bonding Fresh to 
Hardened Concrete. 
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D. ASTM D 4587 - Conducting Tests on Paint and  Related Coatings and 
Materials Using a Fluorescent UV-Condensation Light-and Water-Exposure 
Apparatus. 

E. ASTM E 1155 - Standard Test Method for Determining Floor  Flatness and 
Levelness Using the F Number System. 

1.04 SUBMITTALS 

A. Conform to Section 01330 - Submittal Procedures and Section 01340 – Shop 
Drawings, Product Data and Samples, 

B. Submit manufacturer's technical literature on the following products proposed 
for use.  Include manufacturer's installation and application instructions and, 
where specified, manufacturer's certification of conformance to requirements 
and suitability for use in the applications indicated. 

1. Floor hardener. 

2. Sealer. 

3. Latex bonding agent. 

4. Epoxy adhesive. 

PART 2: PART 2    P R O D U C T S 

2.01 MATERIALS 

A. Sealer/Dustproofer (VOC Compliant):  Water-based acrylic sealer; non-
yellowing under ultraviolet light after 200-hour test in accordance with ASTM 
D 4587.  Conform to local, state and federal solvent emission requirements. 

B. Latex Bonding Agent:  Non-redispersable latex base liquid conforming to 
ASTM C 1059.  When used in water and wastewater treatment structures, 
bonding agent shall be suitable for use under continuously submerged 
conditions.  Conformance and suitability certification by manufacturer is 
required. 

C. Bonding Grout:  Prepare bonding grout by mixing approximately one part 
cement to one part fine sand meeting ASTM C 144 but with 100 percent 
passing No. 30 mesh sieve.  Mix with water to consistency of thick cream.  At 
Contractor's option, a commercially-prepared bonding agent used in 
accordance with manufacturer's recommendations and instructions may be 
used.  When used in water and wastewater treatment structures, bonding 
agent shall be suitable for use under continuously submerged conditions.  
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Conformance and suitability certification by manufacturer is required.  Submit 
manufacturer's technical information on proposed bonding agent. 

D. Patching Mortar: 
 

1. Make patching mortar of same materials and of approximately same 
proportions as concrete, except omit coarse aggregate.  Substitute white 
Portland cement for part of gray Portland cement on exposed concrete in 
order to match color of surrounding concrete.  Determine color by making 
trial patch.  Use minimum amount of mixing water required for handling 
and placing.  Mix patching mortar in advance and allow to stand.  Mix 
frequently with trowel until it has reached stiffest consistency that will 
permit placing.  Do not add water. 

2. Proprietary compounds for adhesion or specially formulated cementitious 
repair mortars may be used in lieu of or in addition to foregoing patching 
materials provided that properties of bond and compressive strength meet 
or exceed the foregoing and color of surrounding concrete can be 
matched where required.  Use such compounds according to 
manufacturer's recommendations.  When used in water and wastewater 
treatment structures, material shall be suitable for use under continuously 
submerged conditions.  Conformance and suitability certification by 
manufacturer is required. 

E. Epoxy Adhesive:  Two-component, 100 percent solids, 100 percent reactive 
compound developing 100 percent of strength of concrete, suitable for use on 
dry or damp surfaces.  Epoxy used to inject cracks and as a binder in epoxy 
mortar shall meet ASTM C 881, Type VI.  Epoxy used as a bonding agent for 
fresh concrete shall meet ASTM C 881, Type V. 

F. Non-shrink Grout:  See Section 03600 - Structural Grout. 

G. Spray-Applied Coating:  Acceptable products are Thoro System Products 
"Thoroseal Plaster Mix" or equal.  Color:  Gray. 

H. Concrete Fill:  Class H concrete with 3/8-inch maximum coarse aggregate 
size, (Class C where fill thickness exceeds 3 inches throughout a placement), 
as specified in Section 03310 - Structural Concrete. 

PART 3: E X E C U T I O N 

3.01 AGGREGATE CONCEALMENT 
A. Unless indicated otherwise on Drawings or approved by City Engineer, all 

surfaces to be finished shall be free of exposed aggregate. 
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3.02 REPAIRING SURFACE DEFECTS 

A. Defective Areas:  Repair immediately after removal of forms.  Remove 
honeycombed and other defective concrete down to sound concrete but in no 
case to a depth less than one inch.  Make edges of cuts perpendicular to 
concrete surface.  Thoroughly work bonding grout into the surface with a 
brush as that the entire surface is covered. Alternatively, a proprietary 
bonding agent may be used.  Use bonding agent in accordance with 
manufacturer's instructions.  While bonding coat is still tacky, apply premixed 
patching mortar.  Thoroughly consolidate mortar into place and strike off to 
leave patch slightly higher than surrounding surface.  To permit initial 
shrinkage, leave undisturbed for at least 1 hour before final finishing.  Keep 
patched area damp for 7 days.  Alternatively, a proprietary cementitious repair 
mortar may be used and placed in accordance with manufacturer's 
instructions.  Do not use metal tools in finishing patches in formed walls which 
will be exposed. 

B. Tie Holes:  Patch holes immediately after removal of forms.  After cleaning 
and roughening with a wire brush on a rotary drill, thoroughly dampen tie hole 
and fill solid with patching mortar.  Taper tie holes shall have the plug, 
specified in Section 03100 - Concrete Formwork, driven into the hole to the 
center of the wall before grouting.  Completely fill taper tie holes with patching 
mortar except that non-shrink grout shall be used for all walls in contact with 
soil or liquid.  On wall faces exposed to view, fill the outer 2 inches of the 
taper tie hole with patching mortar blended to match adjacent concrete. 

C. Cracks:  Repair cracks in excess of 0.01 inch by pressure injection of 
moisture-insensitive epoxy-resin system.  Submit proposed material and 
method of repair for approval prior to making repairs. 

D. Structural Repair:  When required, make structural repairs after prior approval 
of City Engineer as to method and procedure, using specified epoxy adhesive 
or approved epoxy mortar. 

3.03 FINISHING OF FORMED SURFACES 

A. Unfinished Surfaces:  Finish is not required on surfaces concealed from view 
in completed structure by earth, ceilings or similar cover, unless indicated 
otherwise on Drawings. 

B. Rough Form Finish: 

1. No form facing material is required on rough form finish surfaces. 

2. Patch tie holes and defects.  Chip off fins exceeding 1/4 inch in height. 
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3. Rough form finish may be used on concrete surfaces which will be 
concealed from view by earth in completed structure, except concealed 
surfaces required to have smooth form finish, as shown on Drawings. 

C. Smooth Form Finish: 

1. Form facing shall produce smooth, hard, uniform texture on concrete.  Use 
plywood or fiberboard linings or forms in as large sheets as practicable, 
and with smooth, even edges and close joints. 

2. Patch tie holes and defects.  Rub fins and joint marks with wooden blocks 
to leave smooth, unmarred finished surface. 

3. Provide smooth form finish on the wet face of formed surfaces of water-
holding structures, and of other formed surfaces not concealed from view 
by earth in completed structure, except where otherwise indicated on 
Drawings.  Walls that will be exposed after future construction, at locations 
indicated on Drawings, shall have smooth form finish.  Smooth form finish 
on exterior face of exterior walls shall extend 2 feet below final top of 
ground elevation.  Exterior face of all perimeter grade beams shall have 
smooth form finish for full depth of grade beam. 

D. Rubbed Finish: 

1. Use plywood or fiberboard linings or forms in as large sheets as 
practicable, and with smooth, even edges and close joints. 

2. Remove forms as soon as practicable, repair defects, wet surfaces, and 
rub with No. 16 carborundum stone or similar abrasive.  Continue rubbing 
sufficiently to bring surface paste, remove form marks and fins, and 
produce smooth, dense surface of uniform color and texture.  Do not use 
cement paste other than that drawn from concrete itself.  Spread paste 
uniformly over surface with brush.  Allow paste to reset, then wash surface 
with clean water. 
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3. Use rubbed finish at locations indicated on Drawings, except where 
rubbed finish is indicated for a wall which will be containing a liquid, use 
spray-applied coating. 

E. Spray-applied Coating:  At Contractor's option, in lieu of rubbed finish, spray-
applied coating may be applied after defects have been repaired and fins 
removed.  Remove form oil, curing compound and other foreign matter that 
would prevent bonding of coating.  Apply coating in uniform texture and color 
in accordance with coating manufacturer's instructions. 

 

F. Related Unformed Surfaces:  Tops of piers, walls, bent caps, and similar 
unformed surfaces occurring adjacent to formed surfaces shall be struck 
smooth after concrete is placed.  Float unformed surfaces to texture 
reasonably consistent with that of formed surfaces.  Continue final treatment 
on formed surfaces uniformly across unformed surfaces. 

3.04 HOT WEATHER FINISHING  

A. A. When hot weather conditions exist, as defined by Section 03310 - 
Structural Concrete and as judged by the City Engineer, apply evaporation 
retardant to the surfaces of slabs, topping and concrete fill placements 
immediately after each step in the finishing process has been completed. 

3.05 FINISHING SLABS AND SIMILAR FLAT SURFACES TO CLASS A, B, AND C 
TOLERANCES 

A. Apply Class A, B, and C finishes at locations indicated on Drawings. 

B. Shaping to Contour:  Use strike-off templates or approved compacting-type 
screeds riding on screed strips or edge forms to bring concrete surface to 
proper contour.  See Section 03100 - Concrete Formwork for edge forms and 
screeds. 

C. Consolidation and Leveling:  Concrete to be consolidated shall be as stiff as 
practicable Thoroughly consolidate concrete in slabs and use internal 
vibration in beams and girders of framed slabs and along bulkheads of slabs 
on grade.  Consolidate and level slabs and floors with vibrating bridge 
screeds, roller pipe screeds or other approved means.  After consolidation 
and leveling, do not permit manipulation of surfaces prior to finishing 
operations. 

D. Tolerances for Finished Surfaces:  Check tolerances by placing straightedge 
of specified length anywhere on slab.  Gap between slab and straightedge 
shall not exceed tolerance listed for specified class. 
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 Straightedge Length Tolerance 
Class            in Feet             in Inches  
  A 10 1/8 
  B 10 1/4 
  C 2 1/4 

 

E. Raked Finish:  After concrete has been placed, struck off, consolidated and 
leveled to Class C tolerance, roughen surface before final set. Roughen with 
stiff brushes or rakes to depth of approximately 1/4 inch.  Notify City Engineer 
prior to placing concrete requiring initial raked surface finish so that 
acceptable raked finish standard may be established for project.  Protect 
raked, base-slab finish from contamination until time of topping.  Provide 
raked finish for following: 

1. Surfaces to receive bonded concrete topping or fill. 

2. Steep ramps, as noted on Drawings. 

3. Additional locations as noted on Drawings. 

F. Float Finish: 

1. After concrete has been placed, struck off, consolidated and leveled, do 
not work further until ready for floating.  Begin floating when water sheen 
has disappeared, or when mix has stiffened sufficiently to permit proper 
operation of power-driven float.  Consolidate surface with power-driven 
floats.  Use hand floating with wood or cork-faced floats in locations 
inaccessible to power-driven machine and on small, isolated slabs. 

2. After initial floating, re-check tolerance of surface with 10-foot straightedge 
applied at not less than two different angles.  Cut down high spots and fill 
low spots to Class B tolerance.  Immediately re-float slab to a uniform, 
smooth, granular texture. 

3. Provide float finish at locations not otherwise specified and not otherwise 
indicated on Drawings. 

G. Trowel Finish: 
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1. Apply float finish as previously specified.  After power floating, use power 
trowel to produce smooth surface which is relatively free of defects but 
which may still contain some trowel marks.  Do additional troweling by 
hand after surface has hardened sufficiently.  Do final troweling when 
ringing sound is produced as trowel is moved over surface.  Thoroughly 
consolidate surface by hand troweling operations. 

2. Produce finished surface free of trowel marks, uniform in texture and 
appearance and conforming to Class A tolerance.  On surfaces intended 
to support floor coverings, remove defects which might show through 
covering by grinding. 

 

3. Provide trowel finish for floors which will receive floor covering and 
additional locations indicated on Drawings. 

H. Broom or Belt Finish: 

1. Apply float finish as previously specified.  Immediately after completing 
floated finish, draw broom or burlap belt across surface to give coarse 
transverse scored texture. 

2. Provide broom or belt finish at locations indicated on Drawings. 

3.06 FINISHING SLABS AND SIMILAR FLAT SURFACES TO "F-NUMBER SYSTEM" 
FINISH 

A. Shaping to Contour:  Use strike-off templates or approved compacting-type 
screeds riding on screed strips or edge forms to bring concrete surface to 
proper contour.  Edge forms and screeds:  Conform to Section 03100 - 
Concrete Formwork. 

B. Consolidation and Leveling:  Concrete to be consolidated shall be as dry as 
practicable. Thoroughly consolidate concrete in slabs and use internal 
vibration in beams and girders of framed slabs and along bulkheads of slabs 
on grade.  Consolidate and level slabs and floors with vibrating bridge 
screeds, roller pipe screeds or other approved means.  After consolidation 
and leveling, do not manipulate surfaces prior to finishing operations. 

C. Tolerances for Finished Surfaces:  Independent testing laboratory will check 
floor flatness and levelness in accordance with Paragraph 3.12, Field Quality 
Control. 

D. Float Finish: 
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1. After concrete has been placed, struck off, consolidated and leveled, do 
not work further until ready for floating.  Begin floating when water sheen 
has disappeared, or when mix has stiffened sufficiently to permit proper 
operation of power-driven float.  Consolidate surface with power-driven 
floats.  Use hand floating with wood or cork-faced floats in locations 
inaccessible to power-driven machine and on small, isolated slabs. 

2. Check tolerance of surface after initial floating with a 10-foot straightedge 
applied at not less than two different angles.  Cut down high spots and fill 
low spots.  Immediately refloat slab to uniform, smooth, granular texture to 
FF20/FL17 tolerance, unless shown otherwise on Drawings. 

3. Provide "F-Number System" float finish at locations indicated on 
Drawings. 

E. Trowel Finish: 

1. Apply float finish as previously specified.  After power floating, use power 
trowel to produce smooth surface which is relatively free of defects but 
which may still contain some trowel marks.  Do additional trowelings by 
hand after surface has hardened sufficiently.  Do final troweling when 
ringing sound is produced as trowel is moved over surface.  Thoroughly 
consolidate surface by hand troweling operations. 

2. Produce finished surface free of trowel marks, uniform in texture and 
appearance and conforming to an FF25/FL20 tolerance for slabs on grade 
and FF25/FL17 for elevated slabs, unless shown otherwise on Drawings.  
On surfaces intended to support floor coverings, remove defects, which 
might show through covering, by grinding. 

3. Provide "F-Number System" trowel finish at locations indicated on 
Drawings. 

3.07 BONDED CONCRETE TOPPING AND FILL 

A. Surface Preparation: 

1. Protect raked, base-slab finish from contamination until time of topping.  
Mechanically remove oil, grease, asphalt, paint, clay stains or other 
contaminants, leaving clean surface. 

2. Prior to placement of topping or fill, thoroughly dampen roughened slab 
surface and leave free of standing water.  Immediately before topping or 
fill is placed, scrub coat of bonding grout into surface.  Do not allow grout 
to set or dry before topping or fill is placed. 
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B. Concrete Fill: 

1. Where concrete fill intersects a wall surface at an angle steeper than 45 
degrees from vertical, provide a 1.5-inch deep keyway in the wall at the 
point of intersection; size keyway so that no portion of the concrete fill is 
less than 1.5 inches thick.  Form keyway in new walls; create by saw 
cutting the top and bottom lines and chipping in existing walls. 

2. Apply wood float finish to surfaces of concrete fill. 

3. Provide concrete fill at locations shown on Drawings. 
 

C. Bonded Concrete Topping in Bottom of Clarifiers and Thickeners: 

1. Minimum thickness of concrete topping:  1 inch.  Maximum thickness 
when swept in by clarifier and thickener equipment:  3 inches. 

2. Compact topping and fill by rolling or tamping, bring to established grade, 
and float.  Topping grout placed on sloping slabs shall proceed uniformly 
from the bottom of the slab to the top, for the full width of the placement.  
Coat surface with evaporation retardant as needed between finishing 
operations to prevent plastic shrinkage cracks. 

3. Screed topping to true surface using installed equipment.  Protect 
equipment from damage during sweeping-in process.  Perform sweeping-
in process under supervision of equipment manufacturer's factory 
representative.  After topping has been screeded, apply wood float finish.  
During finishing, do not apply water, dry cement or mixture of dry cement 
and sand to the surface. 

4. As soon as topping or fill finishing is completed, coat surface with curing 
compound.  After the topping is set and sufficiently hard in clarifiers and 
where required by the City Engineer, fill the tank with sufficient water to 
cover the entire floor for 14 days. 

5. Provide bonded concrete topping in bottom of all clarifiers and thickeners. 

3.08 EPOXY PENETRATING SEALER 

A. Surfaces to receive epoxy penetrating sealer:  Apply wood float finish.  Clean 
surface and apply sealer in compliance with manufacturer's instructions. 
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B. Rooms with concrete curbs or bases:  Continue application of floor coating on 
curb or base to its juncture with masonry wall.  Rooms with solid concrete 
walls or wainscots:  Apply minimum 2-inch-high coverage of floor coating on 
vertical surface. 

C. Mask walls, doors, frames and similar surface to prevent floor coating contact. 

D. When coving floor coating up vertical concrete walls, curbs, bases or 
wainscots, use masking tape or other suitable material to keep a neat level 
edge at top of cove. 

E. Provide epoxy penetrating sealer at locations indicated on Drawings. 
 

3.09 SEALER/DUSTPROOFER 

A. Where sealer or sealer/dustproofer is indicated on Drawings, just prior to 
completion of construction, apply coat of specified clear sealer/dustproofing 
compound to exposed interior concrete floors in accordance with 
manufacturer's instructions. 

3.10 NONSLIP FINISH 

A. Provide nonslip finish at locations indicated on Drawings. 

3.11 FIELD QUALITY CONTROL 

A. Flatness and levelness of slabs and similar flat surfaces that are indicated on 
Drawings to receive "F-Number System" finish will be checked by 
independent testing laboratory employed by City in accordance with Section 
01454 - Testing Laboratory Services. 

B. Tolerances for "F-Number System" finished surfaces: 

1. Floor tolerance shall be determined in accordance with ASTM E 1155. 

2. Floor flatness and levelness tolerances: 

a. FF defines maximum floor curvature allowed over 24 inches.  
Computed on the basis of successive 12-inch elevation differentials, FF 
is commonly referred to as the "flatness F-Number." 
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FF  =                                         4.57                                                    
Maximum difference in elevation, in decimal inches, 
between successive 12-inch elevation differences. 

b. FL defines relative conformity of floor surface to horizontal plane as 
measured over 10-foot distance.  FL is commonly referred to as 
"levelness F-number." 

 
FL  =                                         12.5                                                     

Maximum difference in elevation, in inches, between two 
points separated by 10 feet. 

3. Achieve specified overall slab tolerance.  Minimum local tolerance (1/2 
bay, unless otherwise designated by City Engineer):  2/3 of specified 
tolerance. 

4. Tolerance for floated finish:  FF20/FL17, unless otherwise shown on 
Drawings. 

5. Tolerance for troweled finish:  FF25/FL20 for slabs on grade, and 
FF25/FL17 for elevated slabs, unless otherwise shown on Drawings. 

3.12 CURING 

A. Conform to requirements of Section 03390 - Concrete Curing. 
 

END OF SECTION 
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Section 03390 
 
 CONCRETE CURING 

PART 1: G E N E R A L 

1.01 SECTION INCLUDES 

A. Curing of structural concrete. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for concrete curing provided under this 
Section.  Include the cost for this work in the lump sum Stipulated Price in 
Section 00410, Part B, Paragraph A. 

B. Under Section 00410, Part B, Paragraph C, Extra Unit Price Table, Contractor 
is required to provide unit prices for specified quantities of concrete, specified 
in Section 003310. These Bid Items are included to provide a price for 
additional quantities of concrete required to complete the project, beyond the 
quantities necessary to complete the Work included in the Stipulated Price in 
Section 00410 Part B, Paragraph A.  Unit Bid Price for concrete quantities 
shall include all necessary concrete curing.  No separate unit price payment 
will be made for concrete curing.  Final quantities for unit price bid items will 
be determined in accordance with the General Conditions and Section 01270 
– Measurement and Payment. Extra unit price work is paid only when 
authorized in advance by the CM/PM. 

1.03 REFERENCES 

A. ACI 308 - Standard Practice for Curing Concrete. 

B. ASTM C 171 - Standard Specifications for Sheet Materials for Curing 
Concrete. 

C. ASTM C 309 - Standard Specification for Liquid Membrane-Forming 
Compounds for Curing Concrete. 

D. ASTM D 44587 - Conducting Tests on Paint and Related Coatings and 
Materials Using a Fluorescent UV-Condensation Light-and Water-Exposure 
Apparatus. 

1.04 DEFINITIONS 

A. Mass Concrete:  Concrete sections 4 feet or more in least dimension. 
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1.05 SUBMITTALS 

A. Conform to Section 01330 - Submittal Procedures and Section 01340 – Shop 
Drawings, Product Data and Samples . 

B. Product Data:  Submit description of proposed curing method for concrete.  
When use of membrane-forming compound is proposed, submit 
manufacturer's technical information including material specifications, 
installation instructions and recommendations, and evidence that compound 
is satisfactory for intended application.  State locations where curing 
compound will be used. 

C. When membrane-forming compounds are to be used, submit certification by 
the manufacturer of compliance with specified requirements and compatibility 
with toppings, coatings, finishes, and adhesives to be applied. 

PART 2: P R O D U C T S 

2.01 MATERIALS 

A. Membrane-forming Curing Compound:  Conform to ASTM C 309, Type 1D, 
and following requirements. 

1. Minimum solids content:  30 percent. 

2. Compound shall not permanently discolor concrete.  When used for liquid- 
containing structures, curing compound shall be white-pigmented. 

3. When used in areas that are to be coated, or that will receive topping or 
floor covering, material shall not reduce bond of coating, topping, or floor 
covering to concrete.  Curing compound manufacturer's technical 
information shall state conditions under which compound will not prevent 
bond. 

4. Conform to local, state and federal solvent emission requirements. 

B. Clear Curing and Sealing Compound (VOC Compliant):  Conform to ASTM C 
309, Type 1, Class B, and the following requirements:  30 percent solids 
content minimum; non-yellowing under ultraviolet light after 500-hour test in 
accordance with ASTM D 4587. Sodium silicate compounds are not 
permitted.  Conform to local, state and federal solvent emission requirements. 

C. Sheet Material for Curing Concrete:  ASTM C 171; waterproof paper, 
polyethylene film or white burlap-polyethylene sheeting. 
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D. Curing Mats (for use in Curing Method 2):  Heavy shag rugs or carpets, or 
cotton mats quilted at 4 inches on center; 12 ounce per square yard minimum 
weight when dry. 

E. Water for curing:  Clean and potable. 

PART 3: E X E C U T I O N 

3.01 CURING PROCEDURES 

A. Comply with ACI 308 and the requirements specified herein.  Protect freshly-
deposited concrete from premature drying and excessively hot or cold 
temperatures.  Maintain minimal moisture loss and relatively constant 
temperature during time necessary for hydration of cement and proper 
hardening of concrete. 

B. Unformed Surfaces:  For concrete surfaces not in contact with forms, use one 
of following procedures immediately after completion of placement and 
finishing. 

1. Ponding or continuous sprinkling. 

2. Absorptive mat or fabric kept continuously wet. 

3. Sand or other covering kept continuously wet. 

4. Continuous steam bath (not exceeding 150 degrees F at surface of 
concrete). 

5. Vapor mist bath. 

6. Membrane-forming curing compound applied according to manufacturer's 
recommendations.  After the curing compound has dried, wet slab 
surfaces and cover with waterproof paper, polyethylene film, or white 
burlap-polyethylene sheeting after the application of the curing compound.  
Tape sheet seams together and provide sufficient weights to keep the 
sheeting in place.  Wet the slab surface again if the sheeting becomes 
dislodged, and replace the sheeting. 

7. Other moisture-retaining coverings as approved by City Engineer. 
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C. Restrictions on Use of Curing Compounds:  Unless curing compound 
manufacturer certifies that curing compound will not prevent bond to cured 
surface, do not use curing compound on surfaces that will be rubbed or 
receive additional concrete, mortar, topping, terrazzo or other cementitious 
finishing materials, on slabs under resilient floors or built-up roofing, or on 
surfaces to be waterproofed, sealed, hardened or painted. 

D. Curing and Sealing Compounds:  At locations indicated, cure exposed interior 
slabs and troweled slabs receiving mastic-applied adhesives with specified 
clear curing and sealing compound in accordance with manufacturer's 
recommendations.  Do not store materials directly on curing membranes.  
Use plywood to protect curing membrane from damage.  Immediately repair 
membranes damaged by foot traffic or other operations. 

 

E. Duration of Curing:  Continue curing until cumulative number of days or 
fractions of days during which ambient temperature is above 50 degrees F 
has totaled 7.  Continue curing of water-retaining structures for a total of 14 
days.  When high-early-strength concrete has been used, continue curing for 
total of 3 days.  Prevent rapid drying at end of curing period. 

F. Formed Surfaces:  During the curing period keep wet steel forms heated by 
sun and wood forms in contact with concrete.  When forms are to be removed 
during curing period, employ curing materials or methods immediately.  
Continue such curing for remainder of curing period. 

G. Temperature: 

1. Cold Weather.  When mean daily temperature of atmosphere is less than 
40 degrees F, maintain temperature of concrete between 50 and 70 
degrees F for required curing period.  When necessary, make 
arrangements for heating, covering, insulating or housing concrete work in 
advance of placement to maintain required temperature and moisture 
conditions.  Prevent damage or injury due to concentration of heat.  When 
combustion heaters are necessary in enclosed or protected area where 
concrete slabs are being placed, vent heaters. 

2. Hot Weather.   In advance of placement make arrangements for shading, 
fog spraying, sprinkling, ponding or installation of windbreaks or wet 
covering of light color.  Take such protective measures as quickly as 
concrete hardening and finishing operations will allow. 

3. Temperature Changes.  Control so rate of change in temperature of 
concrete is as uniform as possible.  Do not permit temperature change to 
exceed 5 degrees F in any one hour or 50 degrees F in any 24-hour 
period. 
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H. Protection from Mechanical Injury.  During curing period, protect concrete 
from damaging mechanical disturbances, particularly load stresses, heavy 
shock, and excessive vibration.  Protect finished concrete surfaces from 
damage caused by construction equipment, materials or methods, and by rain 
or running water.  Do not load self-supporting structures in a way that over 
stresses concrete. 

3.02 CURING MASS CONCRETE 

A. Observe the following additional restrictions when curing mass concrete. 

1. Minimum curing period:  2 weeks. 

2. When ambient air temperature falls below 32 degrees F, protect surface of 
concrete against freezing. 

 

3. Do not use steam or other curing methods that will add heat to concrete. 

4. Keep forms and exposed concrete continuously wet for at least the first 48 
hours after placing, and whenever surrounding air temperature is above 
90 degrees F during final curing period. 

5. During 2-week curing period, provide necessary controls to prevent 
ambient air temperature immediately adjacent to concrete from falling 
more than 30 degrees F in 24 hours. 

 
END OF SECTION 
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Section 03600 
 
 STRUCTURAL GROUT 

PART 1: G E N E R A L 

1.01 SECTION INCLUDES 

A. Non-shrink grout used wherever grout is shown in the Documents, unless 
another type is specifically referenced.  Two classes of non-shrink grout 
(Class I and II) and areas of application are specified. 

1.02 UNIT PRICES 

A. No separate payment will be made for grouting work performed under this 
Section. Include the cost for this work in the lump sum Stipulated Price in 
Section 00410, Part B, Paragraph A. 

B. Under Section 00410, Part B, Paragraph C, Extra Unit Price Table, Contractor 
is required to provide a unit price for a specified quantity of non-shrink epoxy 
grout and concrete grout, specified under this section.  This Bid Item is 
included to provide a price for additional quantities of non-shrink epoxy grout 
and concrete grout required to complete the project, beyond the quantities 
necessary to complete the Work included in the Stipulated Price in Section 
00410 Part B, Paragraph A.  Unit Bid Price shall include all labor, materials, 
delivery, installation, etc., including related work specified in related Sections.  
Measurement for extra grout is on a cubic foot basis.  Final quantities for unit 
price bid items will be determined in accordance with the General Conditions 
and Section 01270 – Measurement and Payment.  Extra unit price work is 
paid only when authorized in advance by the CM/PM 

1.03 REFERENCES 

A. CRD C 621 - Corps of Engineers Specification for Non-shrink Grout 

B. ASTM C 109 - Test Method for Compressive Strength of Hydraulic Cement 
Mortars (Using 2-in or 50-mm Cube Specimens) 

C. ASTM C 230 - Specifications for Flow Table for use in Tests of Hydraulic 
Cement 

D. ASTM C 1107 - Standard Specification for Packaged Dry, Hydraulic-Cement 
Grout (Non-shrink) 
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1.04 SUBMITTALS 

A. Conform to Section 01330 - Submittal Proceduresand Section 01340 – Shop 
Drawings, Product Data and Samples . 

B. Quality Control: 

1. The Contractor shall submit manufacturer's literature certifying compliance 
with the specified properties for Class I and II grouts. 

2. The Contractor shall submit manufacturer's literature containing 
instructions and recommendations on the mixing, handling, placement and 
appropriate uses for each type of grout used in the work. 

C. The Contractor shall submit manufacturer's written warranty as specified. 

1.05 QUALITY ASSURANCE 

A. Field Tests: 

1. Compression test specimens will be taken during construction from the 
first placement of each type of grout, and at intervals thereafter as 
selected by the Project Manager to ensure continued compliance with 
these Specifications.  The specimens will be made by the Project Manager 
or its representative. 

2. Compression tests and fabrication of specimens for non-shrink grout will 
be performed as specified in ASTM C 109 at intervals during construction 
as selected by the Project Manager. A set of three specimens will be 
made for testing at 7 days, 28 days, and each additional time period as 
appropriate. 

3. Grout already placed which fails to meet the requirements of these 
Specifications is subject to removal and replacement no additional cost to 
the City. 

4. The cost of laboratory tests on grout will be borne by the City, but the 
Contractor shall assist the Project Manager in obtaining specimens for 
testing. However, the Contractor shall be charged for the cost of any 
additional tests and investigation on work performed which does not meet 
the Specifications. The Contractor shall supply materials necessary for 
fabricating the test specimens. 

 

B. Warranty: 

1. Provide one-year warranty for work provided under this Section. 
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2. Manufacturer's warranty shall not contain a disclaimer limiting 
responsibility to only the purchase price of products or materials furnished. 

3. Manufacturer shall warrant participation with Contractor in replacing or 
repairing grout found to be defective due to faulty materials, as determined 
by industry standard test methods. 

PART 2: P R O D U C T S 

2.01 APPLICATION 

A. The following is a listing of typical applications and the corresponding type of 
grout which is to be used.  Unless indicated otherwise, grouts shall be 
provided as listed below whether or not called for on the Drawings. 
 
Application:   
 
Structural member base plates  
 
Storage tanks and other equipment  
 
Filling blockout spaces for embedded 
items such as railing posts, gate guide 
frames, etc. 
 
Under precast concrete elements 
 
Toppings and concrete fill less than 3 
inches thick 
 
Toppings and concrete fill greater than 3 
inches thick 
 
Any application not listed above, where 
grout is called for on the Drawings 
   

 Type of Grout:____________    
  
Non-shrink Class II 
 
Non-shrink Class I 
 
Non-shrink Class II (Class I 
where placement time 
exceeds 15 minutes) 
 
Non-shrink Class I 
 
Concrete Topping per Section 
03310 and Section 03350 
 
Concrete Fill per Section 
03310 and Section 03350 
 
Non-shrink Class I, unless 
noted otherwise 
 

 

2.02 PREPACKAGED GROUTS 

A. Basic Requirements for Cementitious Non-Shrink Grout 

1. Provide prepackaged non-shrink grout that is inorganic, flowable, non-gas-
liberating, non-metallic, and cement-based, requiring only the addition of 
water.   
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2. Deliver grout in original packaging with manufacturer's instructions printed 
on each container. 

3. Select the specific formulation for each class of non-shrink grout specified 
to conform to that recommended by the manufacturer for the particular 
application. 

4. Compressive strength at 28 days:  7000 psi minimum. 

5. Do not use a grout for which the non-shrink property is based on a 
chemically generated gas or gypsum expansion. 

B. Class I Non-Shrink Grout: 

1. Supply Class I Grout conforming to these specifications and to CRD C 621 
and ASTM C 1107 Grade C and B (as modified below) when tested using 
the amount of water needed to achieve the following properties: 

a. Fluid consistency (20 to 30 seconds) per CRD C 611 at initial testing. 

b. Fluid consistency (45 seconds) per CRD C 611 at 30 minutes after 
mixing. 

c. At temperatures of 45, 73.4, and 95 degrees F. 

2. To satisfy non-shrink requirements, the length change from placement to 
time of final set shall not have a shrinkage greater than the amount of 
expansion measured after final set at 3 and 14 days.  The expansion at 3 
and 14 days shall not exceed the 28-day expansion. 

3. Fluid grout shall pass through the flow cone, with a continuous flow, 1 
hour after mixing. 

4. Demonstrate in tests that grout maintains contact with the baseplate to 
provide an minimum effective bearing area of 95 percent of the gross 
contact area after final set. 

5. The grout packaging shall list weight, maximum amount of mixing water to 
be used, maximum usable working time (pot life) at flowable consistency, 
and temperature restrictions for preparation and placement within which 
grout will meet specified requirements. 

 

C. Class II Non-Shrink Grout: 
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1. Supply Class II Grout confirming to ASTM C 1107 and the following 
requirements when tested using the amount of water needed to achieve 
the following properties: 

a. Flowable consistency: 140 percent flow on ASTM C 230, five drops in 
30 seconds. 

b. Fluid working time:  15 minutes, minimum. 

c. Flowable duration:  30 minutes, minimum. 

2. When tested, the grout shall not bleed at maximum allowed water. 

2.03 CURING MATERIALS 

A. Curing materials: As specified in Section 03390 - Concrete Curing and as 
recommended by the manufacturer of prepackaged grouts. 

2.04 CONSISTENCY 

A. Mix grouts to the consistency necessary to completely fill the space to be 
grouted. Dry pack consistency is such that the grout is plastic and moldable 
but will not flow. Where "dry pack" is called for in the Contract Documents, it 
shall mean a grout of that consistency; the type of grout to be used shall be 
as specified herein for the particular application. 

PART 3: PART 3    E X E C U T I O N 

3.01 PREPARATION 

A. Verify that base concrete or masonry has attained design strength before 
grout is placed. 

B. When cementitious grouts are used on concrete surfaces, saturate the 
concrete surface with water for 24 hours prior to placement of cement-based 
grout. Upon completion of saturation period remove excess water prior to 
grouting. 
 

3.02 GROUTING PROCEDURES 
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A. Prepackaged Grouts:  Perform mixing, surface preparation, handling, placing, 
consolidation, curing, and other means of execution for prepackaged grouts 
according to the written instructions of the manufacturer.  Use prepackaged 
materials in the quantities and proportions as directed by the manufacturer 
unless there is certified test data verifying that the specified properties are 
attained by modified mix. 

3.03 CONSOLIDATION 

A. Place grout in such a manner, for the consistency necessary for each 
application, so as to assure that the space to be grouted is completely filled. 

 
 END OF SECTION 
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Section 03931 
 
 CONCRETE REPAIR AND REHABILITATION 
 
PART 1    G E N E R A L 
 
1.01 SECTION INCLUDES 
 

A. Repair of cracks, holes and surface defects, and repair of deteriorated 
concrete surfaces. 

 
B. Installation of embedded items into existing concrete. 

 
1.02 UNIT PRICES 
 

A. No separate payment will be made for concrete repair and rehabilitation 
provided under this Section.  Include the cost for this work in the lump sum 
Stipulated Price in Section 00410, Part B, Paragraph A. 

 
1.03 REFERENCES 
 

A. ASTM C 109 - Compressive Strength of Hydraulic Cement Mortars. 
 

B. ASTM C 881 - Epoxy-Resin-Base Bonding Systems for Concrete. 
 

C. ASTM C 882 - Bond Strength of Epoxy-Resin Systems Used with Concrete. 
 
1.04 SUBMITTALS 
 

A. Under provisions of Section 01330 -Submittal Procedures and Section 01340 
– Shop Drawings, Product Data and Samples, submit manufacturer's product 
information, installation instructions and recommendations, and certification of 
compliance with required properties for all repair materials. 

 
1.05 REPAIR SCOPE 
 

A. Patch and fill openings in existing concrete indicated to be patched or filled.  
 

B. Patch, fill holes in and otherwise repair damage to concrete and concrete 
surfaces resulting from removal of penetrating pipes and other embedded 
items, from installation of pipes or other items embedded in or passed through 
concrete, and from other construction activities. 

 
C. Crack Repair:  Repair the full length of cracks in concrete members in new 

structures. 
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1.06 QUALITY ASSURANCE 
 

A. Field Tests of Cement-based Grouts: 
 

1. Compression test specimens will be prepared during construction by 
the City Engineer, or his authorized representative, from the first 
placement of each type of mortar or grout, and at intervals thereafter as 
determined by the City Engineer, to ensure continued compliance with 
these specifications. 

 
2. Specimen preparation and compression testing for repair mortar and 

non-shrink grout will be performed as specified in ASTM C 109.  A set 
of three specimens will be made for testing at 7 days, 28 days, and 
additional testing as appropriate. 

 
3. Material failing to meet Contract requirements is subject to removal and 

replacement with new material meeting requirements at no additional 
cost to the City. 

 
4. Cost of laboratory tests on mortar and grout will be borne by the City, 

except Contractor shall pay for tests failed, and additional testing and 
investigation work performed because of work not meeting Contract 
requirements. 

 
5. Contractor shall supply all materials necessary for fabricating test 

specimens and assist the Project Manager in obtaining specimens for 
testing.  

 
B. Repair concrete shall be tested as required in Section 03310 - Structural 

Concrete. 
 

C. Epoxy grout shall be tested as required in Section 03600 - Structural Grout. 
 

D. Chemical Grout: 
 

1. Installer: A waterproofing contractor with a minimum of 3 years 
experience in the installation of chemical grout systems as specified 
herein, and shall be certified or approved by the manufacturer. 

 
2. Waterproofing contractor shall submit a list of 5 previous jobs 

successfully completed by that firm that successfully utilized the 
specified chemical grout system. 
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E. Construction Tolerances:  As specified in Section 03100 - Concrete Formwork, 
and Section 03350 - Concrete Finishing, except as otherwise indicated. 

 
PART 2    P R O D U C T S 
 
2.01 REPAIR MORTAR 
 

A. Repair Mortar: Prepackaged  polymer-modified cement-based product 
specifically formulated for repair of surface defects in concrete, having the 
following properties: 

 
Physical Property   Value   ASTM Standard 

 
Compressive Strength (minimum)  C 109 
  1 day   2000 psi 
  28 days   6000 psi 

 
Bond Strength (minimum)   C 882 (modified) 
  1 day   1200 psi 
  7 days  2000 psi 

 
B. Manufacturer and Product: Emaco by Master Builders, SR93 by Euclid 

Chemical Company, Sikacem by Sika Corporation, Five Star Structural 
Concrete by Five Star Products, Inc., or equal.  Where the manufacturer offers 
products in formulations intended for specific application conditions such as 
overhead and shotcrete application, use the formulation recommended by the 
manufacturer for the condition required. 

 
C. Minimum Repair Thickness: 0.50 inch. 

 
2.02 NON-SHRINK GROUT 
 

A. Non-shrink Grout:  Comply with requirements of Section 03600 - Structural 
Grout. 

 
2.03 CONCRETE MATERIALS 
 

A. Cement:  Type II Portland cement, unless indicated otherwise.  Where repairs 
are made on wall surfaces exposed to view and above normal water surface 
elevation, blend white Portland cement with Type II cement as needed to 
match the color of adjacent existing concrete surface. 

 
B. Repair Concrete:  Class A (4000 psi) concrete with one-inch maximum coarse 

aggregate, complying with Section 03310 - Structural Concrete;  minimum 
repair thickness, 2 inches. 
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C. Cement Grout:  Comply with Section 03600 - Structural Grout; minimum repair 
thickness, one inch. 

 
D. Curing Materials, Bonding Agents, and Other Miscellaneous Materials:  

Comply with Section 03310 - Structural Concrete and Section 03390 - 
Concrete Curing. 

 
2.04 AGGREGATE 
 

A. Aggregate for Extending Repair Mortar and Non-shrink Grout Products:  3/8 
inch clean, washed gravel or crushed stone complying with Section 03390 - 
Concrete Curing. 

 
2.05 CHEMICAL GROUT 
 

A. Chemical Grout: Hydrophobic urethane or polyurethane material of low 
viscosity suitable for pumped injection into cracks, which reacts with water to 
form a closed-cell foam material that completely fills and seals all cracks 
against leakage.  Cured material shall remain elastic and maintain an 
expansive pressure through repeated wet-dry cycles. 

 
B. Manufacturer and Product: Scotch Seal 5600 by the Adhesives, Coatings, and 

Sealers Division of 3M Products; Flex LV by De Neef America, Inc.; SikaFix by 
Sika Corporation; or equal.  Use different formulations in the same family of 
materials, accelerators, and other materials necessary for installation where 
recommended by the manufacturer for specific application conditions. 

 
C. Reacted and cured chemical grout shall be resistant to organic solvents, mild 

acids, alkali and micro-organisms.  Cured material shall be approved for use 
with potable water by the appropriate federal, state, or local government 
agency. 

 
2.06 EPOXY PRODUCTS 
 

A. Epoxy Grout: Comply with Section 03600 - Structural Grout, modified as 
specified herein. 

 
B. Epoxy for Crack Injection: ASTM C 881, Type IV;  low viscosity, moisture-

insensitive material specifically formulated for that use; 2500 psi minimum 
bond strength when tested in accordance with ASTM C 882 at 14 days, moist 
cured. 

 
2.07 SEALANT 
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A. Sealant: 2-part polyurethane. 
 
2.08 FORMWORK 
 

A. Formwork, Where Needed:  Comply with Section 03100 - Concrete Formwork. 
 
2.09 REINFORCEMENT 
 

A. Reinforcement, Where Required:  Comply with Section 03211 - Reinforcing 
Steel. 

 
2.10 RESILIENT WATERSTOP 
 

A. Resilient Waterstop. 
 
PART 3    E X E C U T I O N 
 
3.01 PREPARATION AND CURING 
 

A. Where repairs are made on wall surfaces exposed to view and above normal 
water surface elevation, installed repair material shall match adjacent concrete 
surface in color. 

 
B. Surface Preparation: 

 
1. Clean entire area to be repaired of laitance, foreign material and loose 

or deteriorated concrete by chipping, hydroblasting or sandblasting; 
further roughen surfaces as specified herein.  Where non-shrink grout 
or repair mortar is used, perform any additional surface preparation 
steps recommended by the manufacturer. 

 
2. Where cementitious repair materials are used, maintain surfaces to be 

repaired in a saturated surface dry condition and prevent concrete from 
drying until repair operations are completed.  Re-wet surfaces to be 
repaired by water spray on at least a daily basis.  Remove standing 
water in areas to be repaired prior to placement of repair material.  
Provide means to remove excess water from the structure. 

3. Where repair material manufacturer recommends use of an epoxy 
bonding agent, follow recommendations of both the repair material and 
epoxy bonding agent manufacturers. 

 
C. Fully consolidate repair material, completely filling all portions of areas to be 

filled. 
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D. Bring repair surfaces into alignment with adjacent existing surfaces to provide 
uniform, even surfaces.  Unless indicated otherwise, repair surfaces shall 
match adjacent existing surfaces in texture and receive coatings or surface 
treatments provided for adjacent existing surfaces.  

 
E. Curing: 

 
1. Cure repair mortar and non-shrink grout according to manufacturer's 

recommendations, except that minimum cure period shall be 3 days. 
 

2. Cure other materials in accordance with Section 03390 - Concrete 
Curing. 

 
3. If manufacturer recommends use of a curing compound, use no 

material that would interfere with the bond of any coating or adhesive 
required to be applied to the surface. 

 
3.02 TREATMENT OF SURFACE DEFECTS 
 

A. Definition - Surface Defects: Depressions in concrete surfaces not extending  
all the way through a member, caused by physical damage, unrepaired rock 
pockets created during original placement, spalling due to corroded reinforcing 
steel or other embeds, or removal of embedded items or intersecting concrete 
members. 

 
B. Preparation: 

 
1. Remove loose, damaged concrete by chipping to sound material. 

 
2. Where existing reinforcing bars are exposed, remove concrete at least 

one inch deep all around the exposed bars.  If the existing bars are cut 
through, cracked, or cross-sectional area is reduced by more than 25 
percent, notify City Engineer immediately. 

 
C. Repair Material: 

 
1. Use only repair mortar to repair surface defects in members normally in 

contact with water or soil, and defects in interior surfaces of structures 
which  are intended to contain water. 

 
2. Repair of other surface defects may be by application of repair mortar, 

repair concrete or cement grout, as appropriate. 
 
3.03 PATCHING OF HOLES IN CONCRETE 
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A. General: 

 
1. Definition - Holes: For the purposes of this section, holes are defined as 

penetrations completely through a concrete member, with interior 
surfaces approximately perpendicular to the surface of the existing 
member.  Chip interior surface areas which are inclined and do not 
meet this criterion as necessary to meet this requirement. 

 
2. Perimeter of holes at the surface shall form a regular shape composed 

of curved or straight line segments.  Provide at least the minimum 
placement depth specified for the material used at all locations.  Score 
existing concrete by sawcutting and chip as needed to meet this 
requirement. 

 
3. Roughen the interior surface of holes less than 12 inches in diameter to 

at least 0.125 inch amplitude.  Roughen larger holes to at least 0.25 
inch amplitude. 

 
4. At holes not filled with repair mortar or non-shrink grout, and where 

otherwise recommended by the repair material manufacturer, coat 
existing surfaces to be repaired with epoxy bonding agent. 

 
5. Where a surface of a member is exposed to view and the repair 

material cannot be adjusted to match the color of the existing concrete, 
hold back the repair material 2 inches from the surface.  Fill the 
remaining 2 inches with color-adjusted cement grout.  Roughen the 
surface of the repair material when placed to improve bond with the 
cement grout. 

 
B. Patching Small Holes: 

 
1. Fill holes less than 12 inches in least dimension and extending 

completely through concrete members with repair mortar or non-shrink 
grout. 

 
2. Fill holes in members normally in contact with water or soil with Class I 

non-shrink grout in accordance with Section 03600 - Structural Grout. 
 

C. Patching Large Holes: 
 

1. Fill holes larger than 12 inches in least dimension with repair concrete, 
repair mortar or non-shrink grout. 
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2. Provide large holes normally in contact with water or soil and not filled 
with Class I non-shrink grout with resilient waterstop placed in a groove 
approximately 0.25 inch deep ground into the interior edge of the hole 
at the center of the wall providing a smooth surface in which to place 
the resilient waterstop. Alternatively, bond bentonite waterstop to the 
surface using an epoxy grout which completely fills all voids and 
irregularities beneath the waterstop material. 

 
3. Provide reinforcing steel in layers matching existing reinforcement 

locations, except provide concrete cover required by the Contract 
Documents for the applicable service condition. 

 
4. For holes smaller than 48 inches, reinforcement shall be at least #5 

bars on 12 inch centers in each layer required.  At all holes larger than 
30 inches, drill and grout the reinforcement into the existing concrete. 

 
5. For holes larger than 48 inches, see the drawings for reinforcement 

details. 
 
3.04 PATCHING OF LINED HOLES 
 

A. These provisions apply to openings which have embedded material over all or 
a portion of the inside edge.  Requirements for repairing holes in concrete 
specified above shall apply as modified herein.  The City Engineer will 
determine when the embedded material is allowed to remain. 

 
B. Where embedded material is allowed to remain, trim it back a minimum of 2 

inches from the concrete surface.  Roughen or abrade the embedded material 
to promote good bonding to the repair material.  Completely remove any 
substance that interferes with good bonding. 

 
C. Completely remove embedded items not securely and permanently anchored 

in the concrete.  
 

D. Completely remove embedded items larger than 12 inches in least dimension 
unless composed of a metal to which reinforcing steel can be welded.  Where 
reinforcement is required, weld it to the embedded metal. 

 
E. The following additional requirements apply to concrete in contact with water 

or soil. 
 

1. Fill lined openings less than 4 inches in least dimension with epoxy 
grout. 
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2. Coat lined openings greater than 4 inches but less than 12 inches in 
least dimension with an epoxy bonding agent prior to filling with Class I 
non-shrink grout. 

 
3. Coat lined openings greater than 12 inches in least dimension with an 

epoxy bonding agent and bond bentonite waterstop to the interior of the 
opening prior to filling with approved repair material. 

 
3.05 INSTALLATION OF PIPES AND FRAMES 
 

A. The following applies to installation of permanent pipes and frames in 
openings cut into existing concrete members. 

 
B. Cut opening to a size which is a minimum of one inch and a maximum of 3 

inches larger than the outside edge of the embedded item.  At openings with 
sharp corners, take care not to sawcut beyond the opening so as to damage 
existing reinforcing bars.  At openings which are greater than 24 inches in 
least dimension, chip a keyway into the center of the wall.  Keyway shall be at 
least 1.5 inches in depth and from 3 inches to 1/3 the member thickness in 
width.  All surfaces except at the keyway shall be perpendicular to the member 
surface as specified herein for patching holes. 

 
C. Provide embedded items with a flange or other positive means of anchorage 

to repaired members.  At members in contact with soil or water, provide 
continuous waterstop flanges around embeds. Where concrete pipe will be 
embedded, provide resilient waterstop around pipe at wall centerline. 

 
D. Roughen the interior surface of openings to at least 1/4-inch amplitude.  

Sandblast the embed surface to be in contact with concrete clean to promote 
good bonding to the repair material. 

 
E. Fill the space between the frame and the existing concrete with Class I non-

shrink grout. 
 

F. Where surface of a member is exposed to view and the repair material cannot 
be adjusted to match the color of the existing material, hold back the repair 
material 2 inches from the surface.  Fill the remaining 2 inches with color-
adjusted cement grout. 

 
3.06 NON-FIXED INSTALLATION OF PIPES 
 

A. The following applies to installation through existing concrete of piping to be 
sealed with adjustable linked seals, resilient connectors, or packing and 
sealant.  When more appropriate, City Engineer may require installation of a 
sleeve instead of the core-drilled hole specified herein. 
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B. Size core-drilled opening to permit installation of the required seal; locate to 
minimize cutting of existing reinforcing steel. 

 
C. Where linked or resilient seals are to be installed, coat the interior surface of 

the opening with epoxy at least 1/8 inch thick for a smooth and even surface 
promoting a good seal. 

 
D. Where packing and sealant are required, seal exposed reinforcing bars with at 

least an 1/8-inch thick layer of epoxy extending 1/2 inch beyond the bars on all 
sides.  Prepare the surface of the cut concrete and the pipe as recommended 
by the sealant manufacturer. 

 
3.07 GENERAL CRACK REPAIR 
 

A. Repair cracks identified by the Project Manager as caused by shrinkage or 
thermal movement by injection with chemical grout as specified herein. 

 
B. Repair cracks not caused by shrinkage or thermal movement by epoxy 

injection or as otherwise directed by the Project Manager. 
 
3.08 CHEMICAL GROUT CRACK REPAIR 
 

A. Inject chemical grout into all cracks as directed by the Project Manager in 
those structures included in the scope of work listed herein in accordance with 
the chemical grout manufacturer's installation instructions and 
recommendations. 

 
B. Location of Injection Ports:  Locate injection ports as recommended by the 

chemical grout manufacturer and as needed to insure complete penetration of 
the joint or crack with the grout. Spacing of injection ports shall not exceed 2 
feet. 

 
C. Drilling Ports: Drill holes for injection ports to the depth needed for proper 

distribution of the chemical grout. Take care to not damage any reinforcing 
steel. 

 
D. Port preparation:  Clean holes for injection ports of all debris and fit with an 

injection fitting as provided by the manufacturer of the chemical grout, or 
equal. Install injection fittings in accordance with manufacturer's instructions;  
allow fittings to remain in place until chemical grout injection work is complete 
in that area. Install caps or valves at injection ports to prevent back flow of 
uncured chemical grout after it has been injected. 

 
E. Chemical Grout Injection: 
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1. Follow instructions and recommendations of the chemical grout 

manufacturer and its representatives for chemical grout mixing and 
injection procedures. 

 
2. Seal cracks at the surface where needed to assure complete 

penetration of injected chemical grout and prevent loss of material. 
 

3. Prior to chemical grout injection, inject water into ports to provide water 
for the reaction process, flush out foreign matter and verify continuity 
between adjacent ports. Inject water into each port until it begins to flow 
from an adjacent or nearby port. 

 
4. If the water injection procedure indicates the potential presence of voids 

within members or behind members resting against soil, notify the 
Project Manager immediately. 

 
5. Beginning at the lowest injection port, inject chemical grout until the 

grout begins to flow from an adjacent or nearby port. Repeat the 
process until the crack is completely filled. In general, port-to-port travel 
of the injection process will be from low to high in a continuous 
operation. 

 
6. If port-to-port continuity does not occur at locations where continuity 

was verified through water injection, mark location and notify the Project 
Manager. 

 
7. Avoid sudden application of high pressure during the injection process. 

 
8. After completion of the grouting operation, remove all ports and surface 

sealing materials leaving an undamaged surface. 
 
3.09 EPOXY CRACK REPAIR 
 

A. Inject epoxy into all cracks in damaged concrete as indicated by the City 
Engineer in structures included in the scope of work listed herein. Follow 
installation instructions and recommendations of the epoxy manufacturer. 

 
B. Inject cracks with sufficient pressure to ensure full penetration of epoxy but 

without causing further damage. 
 

C. Location, drilling and preparation of ports for injection: As specified for 
chemical grout herein. 

 
D. Epoxy Injection: 
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1. Follow instructions of the epoxy manufacturer and its representatives 
for all mixing and injection procedures. 

 
2. Seal all cracks at the surface where needed to provide for complete 

penetration of the injected epoxy and to prevent loss of material. 
 

3. Beginning at the lowest injection port, inject the epoxy until it begins to 
flow from an adjacent or nearby port.  Repeat the process until the 
crack is completely filled. 

 
4. If port-to-port continuity does not occur, mark the location and notify 

Project Manager. 
 

5. Avoid sudden application of high pressure during the injection process. 
 

6. After completion of injection operations, remove all ports and surface 
sealing materials to leave an undamaged surface. 

 
3.10 REPAIR OF DETERIORATED CONCRETE 
 

A. These provisions pertain to concrete damaged by abrasion, chemical attack or 
corrosion of reinforcing steel.  The only material acceptable for surface repair 
is repair mortar as specified herein. Where the repaired surface is to be 
subsequently covered with a PVC liner or other protective material, coordinate 
finishing details with the liner material manufacturer. 

 
B. Surface Preparation: 

 
1. Remove loose, broken, softened and acid-contaminated concrete to 

sound, uncontaminated concrete. 
 

2. Notify the City Engineer when removal of deteriorated concrete is 
complete. Schedule two weeks for the City Engineer to inspect the 
surface, perform testing for acid contamination, determine if additional 
concrete must be removed, and to develop any special repair details 
that may be needed. Should it be determined that additional concrete 
must be removed to reach sound, uncontaminated material, schedule 
another two week period for further evaluation after completion of the 
additional removal. 

 
3. Follow repair mortar manufacturer's instructions for additional surface 

preparation. 
 

C. Repair Mortar Placement: 
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1. Follow manufacturer's recommendations for mixing and placement of 

repair mortar.  After the initial mixing of the repair mortar, do not add 
additional water to change the consistency should the mix begin to 
stiffen. 

 
2. Place repair mortar to the minimum thickness recommended by 

manufacturer but not less than 1/2 inch.  Should there be areas where 
less than the minimum repair mortar depth of concrete is removed, 
Contractor may remove additional concrete to attain the minimum repair 
mortar thickness or may place repair mortar so as to increase the 
original thickness of the member. In any case, add repair mortar so that 
minimum cover over existing reinforcing steel is 2 inches. Do not place 
repair mortar so as to create locally raised areas.  Where there is a 
transition with wall surfaces which are not in need of repair, do not 
feather the repair mortar at the transition. Sawcut a score line to not 
less than the minimum repair mortar depth and chip concrete out to it to 
form the transition. Take care not to cut or otherwise damage 
reinforcing steel. 

 
3. Finish repair mortar in an even, uniform plane to restore the member to 

its original surface. Out-of-plane tolerance: No localized depressions or 
projections; 0.25 inch maximum gap between repair mortar surface and 
a 10-foot straight edge in any orientation at any location. 

 
D. Finishing:  

 
1. Apply a smooth magnesium float finish to repair mortar. 

 
2. When completed: No sharp edges. Exterior corners, such as at 

penetrations: One-inch radius. Interior corners: Square, except 2-inch 
repair mortar fillet at corners to receive PVC lining. 

 
END OF SECTION 
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SECTION 05060 

METALS 

PART 1: GENERAL 

1.01 SECTION INCLUDES 

A. Where not otherwise shown metals for general construction and fabricated 
products other than those for the building structure, and mechanical and 
electrical products and services and other operating or operable products 
referenced in other Sections.  

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A. 

1.03 TESTS REPORTS AND CERTIFICATIONS 

A. Confirm to requirements of Section 01330 – Submittal Procedures and 
Section 01340 – Shop Drawings, Product Data and Samples. 

B. Where required, mill reports showing fulfillment of testing requirements of 
metals used or provide, or certification of compliance therewith shall be 
provided with shipping documents for that submittal.  

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS/PRODUCTS 

A. Subject to compliance with these specifications include those listed below and 
with item specifications, or approved equal unless otherwise shown.  

B. Steel:  

1. Shall be the size, shape, weight, or gauge shown, of material conforming 
to the following: 

a. Rolled shapes, plates, sheet piling and bars – General Requirements, 
ASTM A6. 

b. Shapes, plates and bars: 

1) For general use, ASTM A36; 
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2) For high strength applications, ASTM A572, grades 42, 50, 60 or 65 
as shown. 

3) Floor plat, ASTM AT86, pattern, gauge or thickness shown. 

c. Concrete reinforcement: 

1) Deformed bars, ASTM A615 

2) Galvanized bars – ASTM A767 

3) Cold drawn wire – ASTM A82; 

4) Deformed wire – ASTM A496; 

5) Welded plain wire fabric – ASTM A185; 

d. Sheet and strip –  

1) General requirements, ASTM A568 

2) Hot rolled sheet and strip – For structural uses, ASTM A570, grade 
36; For general fabrication, commercial quality, ASTM A569. 

3) Cold rolled sheet and strip – For structural uses, ASTM A611, 
grade C; For general fabrication, commercial quality, ASTM A366. 

4) Galvanized sheet – General requirements, ASTM A525, hot dip. 
For general fabrication, ASTM A526 or 527, coated to 0.90 oz. PSF 
(G 90). Mill phosphatized where required to be painted. For 
machine lock forming fabrication, ASTM A527 only.  

5) Galvalumn sheet – Aluminum zinc alloy coated conforming to 
ASTM a792, .5 oz./sf. hot dip.  

e. Pipe – For structural use and general fabrications, ASTM A53, welded 
or seamless, size and weight, black or galvanized as shown. 

f. Hot formed tubing – For general fabrication, ASTM A501, welded or 
seamless, size and weight, square or round, black or galvanized, as 
shown.  

g. Cold formed tubing – For general fabrication, ASTM A500, welded or 
seamless, size and weight, square or round, black or galvanized, as 
shown. 

h. Wire – For general use, ASTM A510, grade required.  

05060-2 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 METALS 
 

i. Galvanized wire – For general use, ASTM A641, coating Class 1, soft, 
medium or hard temper as shown or required.  

j. Castings – For general use, ASTM A48 gray iron castings of tensile 
strength/test bar classes suited to the work; For weldable applications, 
ASTM A27, carbon steel castings, grade and class suited to the work.  

2. Aluminum: Shall be shape, size, weight, alloy and temper shown, of 
material conforming to the following: 

a. Extruded bars, rods, wire, shapes and tubes – For general fabrication 
ASTM B221. 

b. Sheet and Plate – For general fabrication, ASTM 209. 

c. For color anodized finishes – Alloys and tempers shall be selected to 
produce the required colors and strength, matching in extrusions, 
sheet and plate. 

3. Copper: Shall be thickness, weight, gauge, temper shown, of material 
conforming to the following: 

a. Sheet and strip – Fro general fabrication, ASTM B320. 

4. Stainless steel: Shall be thickness, gauge, and alloy shown, of material 
conforming to the following: 

a. Plate, sheet and strip – for general fabrications, ASTM A167; 

b. Bars and shapes – for general fabrications, ASTM A276 

c. Tubing – for general fabrication, ASTM A554. 

d. Where not otherwise shown, type 304 (18-8); For use in coastal areas, 
type 316. 

PART 3:  – EXECUTION – NOT USED. 
 

END OF SECTION 
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SECTION 05080 

METAL FINISHES 

PART 1: GENERAL 

1.01 SECTION INCLUDES 

A. Where not otherwise shown, finishes for general construction and fabricated 
products, other than those for mechanical and electrical products and 
services and other operable or operating products referenced in other 
sections. Products specified in this Section are to be coordinated with Section 
09905 – Painting and Protective Coatings.   

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A. 

1.03 SUBMITTALS 

A. Conform to requirements of Section 01330 – Submittal Procedures and 
Section 01340 – Shop Drawings, Product Data and Samples . 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS/PRODUCTS 

A. Subject to compliance with these specifications include those listed below 
with the item specifications, or approved equal unless otherwise shown.  

B. Galvanizing:  

1. On steel sheet and wire products, as specified under METALS; On 
shapes, plates and bars – ASTM A123; 

C. Aluminum – Zinc Alloy Coating (Galvalume): 

1. Aluminum zinc alloy Hot dip coating on sheet steel conforming to ASTM 
A792, class AZ50 (0.8 mil. thickness each side) for painted work, A255 
Satin finish for natural finish, treated as required for following finishes, if 
any.  

D. Zinc Rich Coating. 
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1. For repair of galvanizing damage due to welding, burning, cutting, 
grinding, mishandling, etc., 2.50 DMT ASTM A780 and annex A2, zinc rich 
coating application over SP2 prepared base metal and onto disturbed 
galvanizing.  

E. Shop Priming. 

1. Preparation – Shall be in accordance with Steel Structures Painting 
Council (SSPC) Specifications, short titled as follows: SP1 (solvent 
cleaning), SP2 (hand tool cleaning), SP3 (power tool cleaning), SP4 (not 
used), SP5 (white metal blast cleaning), SP6 (commercial blast cleaning), 
SP7 (brush off blast cleaning), SP8 (pickling), SP9 (not used), SP10 (near 
white blast cleaning). SP2 thru 10 include SP1. SP8 also includes SP2, 3, 
6 or 7. 

2. On black steel products for concealed installations or for protected alkyd 
or latex field painting, Federal Spec. TT-P-636 iron oxide/zinc chromate 
paint over clean base metal. 

3. On aluminum products for concealed installations or for protected alkyd or 
latex field painting - Fed. Spec. TT-P-645A zinc chromate primer over 
clean base metal. 

4. HIPAC primer – For epoxy, polyurethane or other special finishes, finish 
manufacturer’s compatible product over SP7 preparation.  

5. Alkaline primer – For field painted exposed exterior installations, GSA 
Spec. 207-1B Alkaline Base Metal Paint over SP7 preparation.  

6. Galvanized primer – for field painted exterior installations, Fed. Spec. TT-
P-641 Type II, zinc oxide/alkyd paint.  

7. Asphalt base paint – On concealed bar joists as an option, Federal Spec. 
TT-C-494 Type II, dipped or sprayed over SP2 preparation.  

8. Apply primers by brush, roller, spray, or dipping to a uniform coat of 1.5 
dry mil thickness.  

9. Touch up – Provide matching touch up product fro application under other 
sections to primed work not subject to field painting.  

F. Color Coating: 

1. On galvanized or aluminized steel and aluminum products - .80 dry mill 
thick (DMT) finish over .20 DMT primer for basic 2 coat system, with .80 
DMT barrier coats and .50 DMT clear finishes added for higher level 
protection and/or Color Systems required in applicable Spec. sections, mill 
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applied, baked coil or spray coating based on Kynar 500 or Hylar 50000 
polyvinlindene fluoride (PVDF) resin product produced under license from 
Elf Autochem, North America, Inc. or Ausimont USA Inc., applied by an 
approved applicator over manufacturer’s compatible primer and specified 
preparation, in selected colors, with wash coated reverse surfaces. 
Provide matching field touch up system. Guarantee for 10 years against 
fading, chalking or color changes. 

a. PPG Duranar System.   

2. Unless otherwise shown, shall include Duranar 2 coat and 3 coat XL 
Systems for color selection, including exotic colors.  

G. Baked Enamel: 

1. On fabricated steel and aluminum products – 1 dry mil total thickness, mill 
applied, baked polymer spray coating, applied over manufacturer’s 
compatible prime coat, in selected colors, with wash-coated reverse 
surfaces. Provide field touch up system.  

2.    On fabricated products – 2 dry mil electroctatic baked epoxy powder 
primer, 2 dry mil electrostatic baked polyster powder finish.  

a. Morton Powder Coatings – Corvel 3000 Series Polyster Powders. 

H. Lacquer 

1. Protective coating for fabricated aluminum products – Water white 
methacrylate product, formulated to pass the Aluminum Association 
mortar test, spray coated to 1.0 dry mil minimum thickness.  

I. Mechanical Finishes 

1.  On aluminum: Shall be produced in accordance with Aluminum 
Association (AA) designations as follows: 

a. As fabricated –  

1) M11, specular as fabricated 

2) M22, non specular as fabricated 

b. Buffed –  

1) M21, Smooth specular 

2) M22, Specular 
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c. Directional Textured –  

1) M31, Fine satin 

2) M32, Medium satin 

3) M33, Coarse satin 

4) M34, Hand rubbed 

5) M35, Brushed 

d. Non- directional texture – 

1) M41, Extra fine matte 

2) M42, Fine matte 

3) M43, Medium matte 

4) M44, Coarse matte 

5) M45, Fine shot blast 

6) M46, Medium shot blast 

7) M47, Coarse shot blast 

2. On stainless steels: Shall be produced in accordance with American Iron 
and Steel Institute (AISI) designations as followed: 

a. Unpolished finishes –  

1) No. 1 Rough and dull – as fabricated (hot rolled, annealed and 
descaled). 

2) No. 2D Dull – as fabricated (cold rolled, annealed and strip 
descaled). (No. 1 strip finish) 

3) No. 2B Bright – No. 2D followed by final light pass on polished rolls 
(No. 2 strip finish) 

4) No. 2B, Bright – cold rolled, final annealing in controlled 
atmosphere furnace (Bright Annealed) 

b. Polished Finishes –  

1) No. 3 Intermediate polish – finished with 100 grit abrasive. 
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2) No. 4 Polished – finished with 150 grit abrasive 

3) No. 6 Dull Satin – No. 4 finish, tampico brushed in oil and abrasive. 

4) No. 7 Reflective – finely ground surfaces buffed without completely 
removing grit lines. 

5) No. 8 Highly reflective – finely ground surfaces buffed to complete 
removal of grit lines.  

J. Mechanical Finishes – 

1. On aluminum: Shall be produced in accordance with Aluminum 
Association (AA) designations as follows: 

a. Non-etched cleaned. 

1) C11, Degreased. 

2) C12, Chemically cleaned. 

b. Etched. 

1) C21, Fine matte. 

2) C22, Medium matte. 

3) C23, Coarse matte. 

c. Brightened Chemical. 

1) C31, Highly specular. 

2) C32, Defuse bright. 

K. Anodizing – 

1. On aluminum: Shall be electrolytically formed, clear or colored, over 
mechanical or chemical finishes as above, produced in accordance with 
Aluminum Association (AA) designations as follows: 

a. Less than 0.4 mil thick: 

1) A21, Clear coating. 

2) A22, Integral color coating. 

b. 0.4 to 0.7 mil thick (Class II): 

05080-5 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

METAL FINISHES WBS No. S-000056-0071-4  

1) A31, Clear coating. 

2) A32, Integral color coating. 

c. 0.7 mil and thicker (Class I): 

1) A41, Clear coating. 

2) A42, Integral color coating. 

d. Unless otherwise shown, anodic coatings shall be Class I.  

L. Aluminum Finish Codes:  

1. Coatings shall be specified by codes selected from MECHANICAL and 
CHEMICAL FINISHES and ANODIZING above in sequence as, AA-
M21C11A41, designating a Class I, clear anodic coating over a 
degreased, smooth specular, buffed surface. 

PART 3: EXECUTION – NOT USED. 
END OF SECTION 
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SECTION 05090 

FASTENINGS 

PART 1: GENERAL 

1.01 SECTION INCLUDES 

A. Where not otherwise shown, fastenings of fixtures, fittings, equipment, etc. to 
floors, pavements, walls, ceilings and soffits and to building and site 
structures referenced in other sections.  

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A.  

1.03 SUBMITTALS 

A. Conform to requirements of Section 01330 – Submittal Procedures and 
Section 01340 – Shop Drawings, Product Data and Samples. 

B.   Product data, including test load results where specified or required. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS/PRODUCTS 

A. Subject to compliance with these specifications include those listed below and 
with item specifications, or approved equal unless otherwise shown.  

B. Expansion Anchors: Shall comply with Appendix D of ACI 318 and Chapter 
19 of the IBC and shall have the required ICC report showing equivalent load 
capacity. 

1. For ¼ to ¾ in. bolts, for solid masonry and concrete, steel sleeve and plug 
drop in anchor for machine bolts for flush or sub setting, conforming to 
Fed. Spec FF-S-325, Group VIII, Type I. 

C. One-piece Sleeve Anchors: 
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1. For heavy loads and as required, in lieu of bolts in expansion anchors, one 
piece sleeve bolt anchors equal to Rawl-Bolts maybe be used where bolt 
anchors are required, Rawl Studs conforming to FF-S-325, Group II, Type 
4, Class 1 or approved equal where stud anchors are allowed.  

D. S Spikes: 

1. Tempered drive pins with S shaped bottom end for hammer setting, equal 
to Rawl Spikes.  

E. Shot Fasteners: 

1. .145 TO .205 in. shank pins for penetration thru ¼ to ½ in. steel, ¾ to 2-
3/4 in. into concrete, headed or provided with ¼ or 3/8 in. stud extensions 
as required, conforming to Fed. Spec. FF-P-395B. 

F. Screw Anchors: 

1. Fiber shield – lead lined braided jute plug for wood, sheetmetal, or lag 
screws, conforming to FF-S-325, Group IV, Type 1. 

G. Bolts:  

1. ¼ to ½ IN minimum, hex head unless square head is permitted, 
conforming to Fed Spec. FF-B-575. 

H. Machine Screws: 

1. Size 0 x 1/8 in. minimum, conforming to Fed. Spec. FF-S-111.  

I. Security Screws:  

1. Size 0 x 1/8 in. minimum machine screws with torx head for limited 
distribution drivers only, unless one way, Torx Plus, spanner or hex heads 
are specified.  

J. Lag Bolts (Screws): 

1. ¼ X 1 in. minimum, hex head, conforming to Fed. Spec. FF-B-561 

K. Wood Screws: 

1. Size 0 x 1/8 in. minimum, conforming to Fed. Spec. FF-S-111. 

L. Screws - Tapping and Drill: 

1. No. 4 x 1/8 in. minimum, various head styles from flat to hex washer style 
as required, conforming to Fed. Spec. FF-S-107b. 
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M. Nuts:  

1. Hex unless square is permitted, or castle or wing where shown, matching 
the bolt and conforming to Fed. Specs. FF-N-845 and FF-N-836. 

PART 3: EXECUTION  

3.01 SELECTION 

A. Type: 

1. In solid masonry or concrete –  

a. For ¼ in. and larger fasteners, bolts in steel expansion anchors or one 
piece sleeve anchors. 

2. Thru structural metal – bolts and nuts 

3. In structural metal – bolts and screws in tappings 

4. Thru sheet metal – Sheet metal screws, self tapping screws or drill screws 
 

END OF SECTION 
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SECTION 05120 

STRUCTURAL STEEL 

PART 1: GENERAL 

1.01 SECTION INCLUDES 

A. Work included: Furnish all labor, materials, services, equipment and 
appliances required in conjunction with or properly incidental to the furnishing, 
fabrication, delivery, and erection of structural steel complete, including, but 
not limited to, the following: 

1. Structural steel columns, girders, beams, angles, steel plates, 
miscellaneous deck support angles, connections and component parts for 
stairs. 

2. Qualification of welders. 

3. Shop prime coat of paint and field touch-up painting. 

4. Temporary construction bracing. 

5. Fabrication/erection inspection and testing. 

B. Extent of structural steel work is shown on the Drawings, including, notes and 
details to show sizes and locations of members, typical connections and 
component parts. 

C. Include all supplementary parts and members necessary to complete the 
structural steel work, regardless of whether all such parts are definitely shown 
or specified, and furnish all such bolts gussets, plates, etc.  

1.02 QUALITY CONTROL  

A. Latest adopted edition of all standards referenced in this Section shall apply, 
unless noted otherwise. In case of conflict between these Contract 
Documents and referenced standard, the Contract Documents and the 
Building Cod, the more stringent shall govern.  

B. Contractor shall furnish fabrication/erection inspection and testing of all welds 
in accordance with AWS D1.1, Chapter 6. Submit records of inspections and 
tests to City’s testing laboratory for their review. 
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C. Fabricator shall employ a competent technician, engineer or independent 
testing laboratory to inspect the fabrication work to ensure compliance with 
the Contract Documents and shall identify such inspector to City’s testing 
laboratory. Inspector shall examine in the shop all welding, bolting, painting, 
galvanizing, and straightness and alignment of fabricated members 

D. All materials, fabrication procedures and field erection are subject to 
verification inspection and testing, by the City’s testing laboratory, in both 
shop and field. Such inspections and tests will not relieve Contractor of his 
responsibility for providing materials and fabrication procedures in compliance 
with specified requirements. City reserves the right to use ultrasonic or 
radiographic inspection to verify the adequacy of all welds. Testing 
procedures and acceptance criteria shall be as specified in AWS D 1. 1. 
Promptly remove and replace materials or fabricated components which do 
not comply.  

E. Qualifications for Welding Work: Contractor shall be responsible for qualifying 
welding operators in accordance with the AWS “Standard Qualification 
Procedure.” Provide Certification, to City’s testing laboratory, that welders to 
be employed in work have satisfactory passed AWS qualification tests within 
previous 12 months. If recertification of welders is required, retesting will be 
Contractor’s responsibility.  

F. Qualifications of Welding Procedures: Contractor shall provide the testing 
laboratory with welding procedures which are to be used in executing this 
work. Welding procedures shall be qualified prior to use in accordance with 
AWS D1.1, Part B.  

G. Comply with provisions of the following codes, Specifications and standards 
in addition to the Building Code: 

1. AISC, “Code of Standard Practice for Steel Buildings and Bridges,” except 
that the following sentence in paragraph 4.2.1 shall not apply to this 
project: “This approval constitutes the City’s acceptance of all 
responsibility for the design adequacy of any detail configuration of 
connections developed by the fabricator as part of his preparation of these 
shop drawings.” 

2. AISC, “Specification for Structural Steel Buildings,” including the 
“Commentary” and Supplements thereto, as issued.  

3. AISC, “Specifications for Structural Joints using ASTM A 325 or A 490 
Bolts,” approved by the Research Council on Structural Connections of 
the Engineering Foundation. 

4. AWS D1.1, “Structural Welding Code.” 
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5. ASTM A 6, “Specifications for General Requirements for Delivery of Rolled 
Steel Plates, Shapes, Sheet Piling, and Bars for Structural Use.” 

6. Industrial Fasteners Institute, “Handbook on Bolt, Nut, and Rivet 
Standards.” 

7. Steel Structure Painting Council.    

a. Painting Manual, Volume 1, Good Painting Practice.  

b. Painting Manual, Volume 2, Systems Specifications   

8. Qualifications 

a. Structural steel fabricator shall have not less than five years 
experience in the fabrication of structural steel for buildings and shall 
be currently certified under the AISC Qualification Program for 
fabrication of Category I or higher structures. An otherwise qualified 
fabricator who is not a member of the AISC Qualification Program will 
be accepted if satisfactory evidence of qualifications is submitted prior 
to contract award. For non-certified fabricators, contractor shall submit 
a resume describing plant size, equipment, quality control procedures 
and personnel, and experience on comparable work in the last three 
years.  

b. Structural steel erector shall have not less than five years experience 
in the erection of structural steel. 

1.03 DESIGN 

A.    Connections: 

1. All structural steel beams, truss, and bracing connections not specifically 
detailed on the Drawings shall be designed by the Contractor, under the 
direct supervision of a Registered Professional Engineer, licensed in the 
State of Texas, to resist all the forces, and shall be shown in detail on the 
shop drawings. See Drawing structural notes for specific loading criteria. 

2. Connections shall be designed in accordance with the requirements sin 
the AISC Manual of Steel Construction latest edition. 

B.  Substitutions: Substitutions of sections or modifications of details, or both, 
and the reasons therefore, shall be submitted with the shop drawings for 
approval. Submitted substitutions must be clearly identified and noted as 
such. Approved substitutions, modifications, and necessary changes in 
related portions of the work shall be coordinated by the fabricator and shall be 
accomplished at no additional cost to the City.  
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C. Responsibility for Errors: Fabricator shall be responsible for all errors of 
detailing, fabrications, and for the correct fitting of structural steel members. 

D. Templates: Shall be furnished by fabricator with instructions for setting of 
anchor bolts and bearing plates. 

1.04 SUBMITTALS 

A.  Conform to requirements of Section 01330 – Submittal Procedures and 
Section 01340 – Shop Drawings, Product Data and Samples, 

B. Product Data: Submit producer’s or manufacturer’s specifications and 
installation instructions, including laboratory test reports and other data, to 
show compliance with Specifications for the following products. 

1. Structural steel primer paint. 

C. Mill Certificates: Submit for the City’s record certificates of mill analysis 
showing compliance with Specifications for the following products: 

1. Structural Steel (each type) 

2. High-strength bolts (each type), including nuts and washers. 

D.    Shop Drawings: 

1. Submit shop drawings prepared under the supervision of a Registered 
Professional Engineer, licensed in the State of Texas, including complete 
details in schedules for fabrication and shop assembly of members, 
erection plans, details, procedures, and diagrams showing sequence of 
erection. Include details of cuts, connections, camber, holes and other 
pertinent data. Indicate welds by standards AWS symbols and show size, 
length, and type of each weld. Shop drawings and erection drawings shall 
not be made by using reproductions of Contract Drawings.   

2. Structural steel members for which shop drawings have not been 
reviewed shall not be fabricated. Architect’s review shall cover general 
locations, spacings, and details of design. Omission from shop drawings 
of any materials required by the Contract Documents shall not relieve the 
Contractor of the responsibility of furnishing and installing such materials, 
even though such shop drawings may have been reviewed and returned.  

3. Submit setting drawings, templates, and directions for installation of 
anchor bolts and other anchorages to be installed by other trades. 

E. Certification: Submit evidence of current AISC plant certification (see 
“Qualifications”). 
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1.05 PRODUCT DELIVERY, STORAGE, AND HANDLING: 

A. Deliver anchor bolts and anchorage devices, which are to be embedded in 
cast-in-place concrete or masonry, in ample time to not delay that work. 

B. Store materials to permit easy access for inspection and identification. Keep 
steel members off the ground, using pallets, platforms, or other supports. 
Protect steel members and packaged materials from corrosion and 
deterioration.  

C. Do not store materials on structure in a manner that might cause distortion or 
damage to member or supporting structures. Repair or replace damaged 
materials or structures as directed.  

D. Support cambered members during shipment and handling in a manner which 
will not result in loss of camber.  

1.06 JOB CONDITIONS 

A.  Coordinate erection of structural steel with work of other trades 

B. Do not install columns which have anchor balls in concrete, until concrete 
members have attained their 28 day compressive strengths.   

1.07 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A.  

PART 2: PRODUCTS 

2.01 MATERIALS 

A. Metal Surfaces, General: For fabrication for work which will be exposed to 
view, use only materials which are smooth and free of surface blemishes 
including pitting, seam marks, roller marks, rolled trade names, and 
roughness. Remove such blemishes by grinding, or by welding and grinding, 
prior to cleaning, treating and application of surface finishes.  

B. Steel: 

1. Wide flange shapes ASTM A572 – 50 (50 ksi yield). 

2. Rolled Shapes, Plates, and Bars: ASTM A 36 (36 ksi yield). 

3. Cold formed Steel Tubing: ASTM 4 500, Grade B, (46,000 psi yield). 
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4. Steel Pipe: ASTM A 53, Type E or S, Grade B. 

C. Bolts and Washers: 

1. Bolts: Anchor Bolts and erection bolts shall conform to ASTM A 307, and 
to the requirements for regular hexagon bolts and nuts of ANSI Standards 
B18.2.1 and B18.2.2. 

2. High-strength bolts for connections shall conform to ASTM A 325 or ASTM 
A 490. Dimensions of bolt heads and nuts shall conform to requirements 
for heavy hexagon nuts of ANSI Standards b18.2.1 and B18.2.2 

3. Washers: Circular washers shall be flat and smooth, and shall conform to 
requirements for Type A washers in ANSI Standard B23.1. Beveled 
washers for “S” shapes and channels shall be square or rectangular, shall 
taper in thickness, and shall be smooth. Washers for use with high-
strength bolts shall be hardened. 

4. Drilled anchor bolts shall be one of the following and shall comply with 
Appendix D of ACI 318 and Chapter 19 of the IBC: 

a. Simpson Strong Bolt. 

b. Kwik Bolt TZ, Hilti Fastening Systems, Tulsa, Oklahoma. 

c. Powers, Power Stud+. 

D. Welding electrodes shall conform to the requirements of the Specifications of 
the American Welding Society. Use E70 electrodes. For high-strength, low 
alloy steel, provide electrodes, welding rods, and filler metals equal in 
strength  and compatible in appearance with parent metal joined.  

E. Primer Paint 

1. Standard shop coat of red oxide primer, meeting the requirements of 
“SSPC-Paint 13” or Federal Specification “TT-P-636,” applied to a dry film 
thickness of 2.0 mils. 

F. Zinc-coating: When galvanized steel is required, the zinc-coating shall 
conform to ASTM A 123. Zinc-coating for threaded products shall conform to 
ASTM A 153, Class C. Zinc coating for sheet steel shall conform to ASTM A 
591.  

G. Cold galvanizing compound shall be “ZRC” cold galvanizing compound, as 
manufactured by ZRC Chemical Products, Quincy, Massachusetts.  
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2.02 FABRICATION 

A. Shop Fabrication and Assembly: 

1. Fabricate and assemble structural assemblies in the shop to greatest 
extent possible. Fabricate items of structural steel in accordance with 
AISC Specifications and as indicated on final shop drawings.  

2. Provide camber in members where indicated. Specified camber applies at 
jobsite, just prior to erection, lying down flat so that member weight had no 
effect. Contractor shall take necessary precautions to prevent or 
compensate for camber loss during shipment. Measured camber in 
members up to 50’-0” long shall be within a tolerance of minus ½” to plus 
zero from the amount specified. For members greater than 50’-0” long, 
both positive and negative tolerance may increase to 1/8” for every 10’-0” 
of length in excess of 50’-0”. Members with a field measured camber 
outside of the specified tolerance shall be returned to the shop. 

3. Properly mark and match-mark materials for field assembly. Fabricate for 
delivery sequence which will expedite erection and minimize field handling 
of materials.  

4. Where finishing is required, complete assembly, including welding of units, 
before start of finishing operations. Provide finish surfaces of member 
exposed in final structure free of markings, burrs, and other defects. 

5. Splicing of structural steel members is prohibited without prior approval of 
the Architect. Any member having a splice not shown and detailed on 
approved shop drawings shall be rejected.    

6. Members in compression joints which depend on contact bearing shall 
have the same bearing surfaces milled to a common plane. Member to be 
milled shall be completely assembled before milling.  

7. Plates shall be free of gross internal discontinuities such as ruptures and 
delaminations. Plates shall comply with ASTM A 578, Level 1.  

8. Mill tolerances: Comply with ASTM A 6. 

9. Fabrication tolerances: Comply with AISC Code of Standard Practice.  

B. Connections: 

1. Weld or bolt shop connections, as indicated on the Drawings. 
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2. Bolt field connections, except where welded connections or other 
connections are indicated. Provide specific threaded fasteners for all 
principle bolted connections. Holes for bolted constructions shall be drilled 
or punched at right angles of member. The slope of surfaces under the 
bolt head and nut shall not exceed 1:20. Provide beveled washers where 
slopes exceed 1:20. Bolt holes shall have a diameter not greater than 
1/16” larger than the nominal bolt diameter. Do not flame cut holes or 
enlarge by burning. Provide washers over all slotted holes in an outer ply.  

3. High-strength Bolted Construction: Install high-strength threaded fasteners 
in accordance with AISC, “Specifications for Structural Joints using ASTM 
A 325 or A 490 Bolts,” (RCRBSJ). 

4. Welded Construction: Comply with AWS Structural Welding Code for 
procedures, appearance and quality welds, and methods used in 
correcting welding work. Assemble and weld built-up sections by methods 
which will produce true alignment of axes without warp. Welds not 
specified shall be continuous fillet welds designed to develop the full 
strength of member. No combination of bolts and welds shall be used for 
stress transmission at the same dace of any connections.  

5. Clean completed welds prior to inspection. Slag shall be removed from all 
completed welds and weld and adjacent base metal shall be cleaned by 
brushing or other suitable means. Tightly adherent splatter remaining after 
the cleaning operation is acceptable unless its removal is required for the 
purpose of nondestructive testing.  

6. Base Plates: Hole sizes for anchor bolts may be oversized to facilitate 
erection as follows: 

a. Bolts 3/4” to 7/8” Diameter – 5/16” oversize 

b. Bolts 1” to 2” Diameter – 1/2” oversize 

c. Bolts over 2” Diameter – 1” oversize 

d. Use oversize or plate washers under nut at all oversized holes in base 
plates. Washers must be large enough to cover the entire hole. 
Washer thickness shall be at least 1/8 of bolt diameter.  

C. Holes for Other Work: Provide holes required for securing other work to 
structural steel framing and for passage of other work through steel framing 
members, as shown on final shop drawings. Provide threaded nuts welded to 
framing and other specialty items as indicated to receive other work. Cut, drill, 
or punch holes perpendicular to metal surfaces. Do not flame cute holes or 
enlarge holes by burning. Drill holes in bearing plates.  
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D. Coating: 

1. The following steel shall be galvanized: 

a. As specified on drawings.  

2.03 SHOP PAINTING 

A. General: Shop Painting shall be coordinated with Section 09905 – Painting 
and Protective Coatings. Shop paint structural steel, except those members 
or portions of members to receive a galvanized coating and those members 
to be embedded in concrete or mortar. Paint embedded steel which is 
partially exposed, on exposed portions and initial 2” of embedded areas only.  

1. Do not paint surfaces which are to be welded.  

2. Do not paint surfaces which are scheduled to receive sprayed- on 
fireproofing. 

B. Surface Preparation: After inspection and before shipping clean steel work to 
be painted. Remove loose rust, loose mill scale, spatter, and slag or flux 
deposits. Clean steel in accordance with Steel Structures Painting Council 
(SSPC) as follows: 

1. SP-1, “Solvent Cleaning.” 

2. SP-2, “Hand Tool Cleaning.” 

3. SP-3, “Power Tool Cleaning” 

C. Painting: Immediately after surface preparation, apply structural steel primer 
paint in accordance with manufacturer’s instructions and at a rate to provide a 
uniform dry film thickness as specified. Use painting methods which result in 
full coverage of joints, corners, edges, and exposed surfaces.  

PART 3: EXECUTION 

3.01 INSPECTION 

A. Erector must examine areas and conditions under which structural steel work 
is to be installed, and notify Contractor of conditions detrimental to proper and 
timely completion of work.   

3.02 ERECTION: 

A. General: Comply with AISC Specifications and Code of Standard Practice, 
and as herein specified.  

05120-9 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

STRUCTURAL STEEL  WBS No. S-000056-0071-4 

B. Temporary Shoring and Bracing: 

1. Provide adequate shoring and bracing to safely withstand all loads to 
which the structure may be subjected during the construction process, 
including wind loads, dead loads, construction material, and equipment 
loads. Such bracing shall remain in place as long as required for safety.  

2. As the erection progresses, make a sufficient number of permanent 
welded or bolted connections to withstand erection stresses and maintain 
stability.  

3. The design of temporary shoring and bracing shall be the responsibility of 
the Contractor.  

C. Temporary Planking: Provide temporary planking and working platforms, as 
necessary, to effectively complete the work.  

D. Anchor Bolts: Furnish anchor bolts and other connectors required for securing 
structural steel to foundations and other in-place work. Furnish templates and 
other devices necessary for presetting bolts and other anchors in accurate 
locations.  

E. Setting Bases and Bearing Plates: Clean concrete and masonry bearing 
surfaces of bond- reducing materials and roughen to improve bond to 
surfaces. Clean bottom surface of base and bearing plates. 

1. 1. Set loose and attached base plates and bearing plates, for 
structural members, on wedges or other adjusting devices.  

2. Tighten anchor bolts after supported members have been positioned and 
plumbed. Do not remove wedges or shims but, if protruding, cut off flush 
with edge of base or bearing plate prior to packing with grout.  

F.     Field Assembly: 

1. Set structural frames accurately to lines and elevations indicated. Align 
and adjust various members forming a part of a complete frame or 
structure before permanently fastening. Clean bearing surfaces and other 
surfaces, which will be in permanent contact, before assembly. Perform 
necessary adjustments to compensate for discrepancies in elevations and 
alignment.  

2. Level and plumb individual members of structure within tolerances defined 
by AISC Code for Standard Practice, unless closer tolerances are required 
for proper fitting of adjoining or enclosing materials, in which case the 
most stringent shall apply.  
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3. Set horizontal members with their natural camber (or specified camber) 
up.  

4. Establish required leveling and plumbing measurements on mean 
operating temperature of structure. Make allowances for the difference 
between temperature at time of erection and mean temperature at which 
the structure will be when completed and in service.  

5. Splice members only where indicated and accepted on final shop drawing. 

6. Where parts cannot be assembled or fitted properly, as a result of errors in 
fabrication or of deformation due to handling or transportation, such 
condition shall be immediately reported to the Architect, along with 
proposed method of correction. The straightening or bends or warps shall 
be done by approved methods. Bent or damaged heat-treated parts will be 
rejected.  

7. Fastening of splices in compression members shall be done after the 
abutting surfaces have been brought completely into contract.  

G. Erection Bolts: On exposed welded construction, remove erection bolts, fill 
holes with plug welds and grind smooth at exposed surfaces. On non-
exposed welded construction, erection bolts shall be tightened securely and 
left in place, or if removed, the holes shall be filled with plug welds.  

1. High-strength bolts shall be installed in conformance with the 
“Specifications for Structural Joints using ASTM A 325 or A 490 Bolts.”  

2. A 307 bolts and high-strength (A 325 and A 490) bolts noted to be “snug-
tight” shall be tightened using a few impacts of an impact wrench or the 
full effort of a man using an ordinary spud wrench, bringing the plies into 
snug contact.  

3. High-strength bolts which are not specifically designed to be “snug-tight” 
shall be tightened to provide at least the minimum tension shown in Table 
4 of the “Specification for Structural Joints using ASTM A 325 and A 490 
Bolts.” Tightening shall be done by the turn-of-the-nut method, with direct 
tension indicators, or by properly calibrated wrenches.  

4. Bolted parts shall fit solidly together when assembled. All joint surfaces 
shall be free of burrs, dirt and other foreign material that would prevent 
solid seating of the parts.  

5. Bolts tightened by calibrated wrench or by torque control shall have a 
hardened washer under the element (nut or bolt head) turned in 
tightening.  
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6. Hardened washers shall be placed over slotted holes in an outer ply. 
Hardened beveled washers shall be used where outer face of bolted parts 
has a slope greater than 1:20 with respect to bolt axis.  

H. Field Welding: Comply with AWS Structural Welding Code and AISC 
Specification fir Structural Steel Buildings. Pay particular attention to surface 
preparation, preheating, sequence, and continuity of welds. Where heavy 
shapes are to be welded, comply with all special requirements contained in 
the AISC Specification and the AWS Structural Welding Code.  

I. Comply with AISC Specifications for bearing, adequacy of temporary 
connections, alignment, and removal of paint on surfaces adjacent to field 
welds. 

J. Do not enlarge unfair holes in members, by burning or by use of drift pins, 
except in secondary bracing members. Ream holes that must be enlarged to 
admit bolts.  

K. Gas Cutting: Do not use gas cutting torches in field for correcting fabrication 
errors in structural framing, Cutting will be permitted only on secondary 
members which are not under stress, as acceptable to City. Finish gas-cut 
sections equal to a sheared appearance when permitted.  

L. Touch-up Painting: Immediately after erection, clean field welds, bolted 
connections, and abraded areas of shop paint. Apply paint to exposed areas 
with same materials used for shop painting. Apply by brush or spray, to 
provide a minimum dry film thickness of 2.5 mils for each coat.  

M. Touch-up Cold Galvanizing: Immediately after erection, touch-up areas of hot 
dip galvanized members where galvanizing has been abraded during 
shipping and erection and areas where galvanizing has been removed or 
damaged due to welding. Apply specified cold galvanizing compound in 
accordance with the manufacturer’s instructions, to a minimum dry film 
thickness of 2.0 mils.  

3.03 CLEANUP 

A. Clean up all debris caused by the work of this Section, keeping the area clean 
and neat at all times. 

 
END OF SECTION 
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SECTION 05501 

METAL FABRICATIONS 

PART 1: G E N E R A L 

1.01 SECTION  INCLUDES 

A. Bolts, anchors, nuts, sleeves, concrete anchors, scheduled items, and other 
miscellaneous metal items not specifically included under other sections of 
these specifications. 

1.02 MEASUREMENT AND  PAYMENT 

A. No separate payment will be made for work performed under this Section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A. 

1.03 REFERENCES 

A. ASTM A 36 - Structural Steel. 

B. ASTM A 53 - Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and 
Seamless. 

C. ASTM A 123 - Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel 
Products. 

D. ASTM A 153 - Zinc Coating (Hot-Dip) on Iron and Steel Hardware. 

E. ASTM A 276 - Stainless and Heat-Resisting Steel Bars and Shapes. 

F. ASTM A 307 - Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength. 

G. ASTM A 500 - Cold-Formed Welded and Seamless Carbon Steel Structural 
Tubing in Round and Shapes. 

H. ASTM A 501 - Hot-Formed Welded and Seamless Carbon Steel Structural 
Tubing. 

I. ASTM F 593 - Stainless Steel Bolts, Hex Cap Screws, and Studs. 

J. ASTM F 594 - Stainless Steel Nuts. 

K. AWS A 2.0 - Standard Welding Symbols. 

L. AWS D 1.1 - Structural Welding Code. 
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M. SSPC - Steel Structures Painting Council. 

1.04 SUBMITTALS 

A. Submit following Section 01330 - Submittal Proceduresand Section 01340 – 
Shop Drawings, Product Data and Samples. 

B. Shop Drawings: Indicate profiles, sizes, thickness, grade class, connection 
attachments, reinforcing, anchorage, size and type of fasteners, and 
accessories.  Include erection drawings, elevations, and details where 
applicable. 

C. Indicate welded connections using standard AWS A 2.0 welding symbols.  
Indicate net weld lengths. 

D. Submit manufacturer’s technical literature and test reports showing certified 
capacities for concrete anchors. 

E. When foreign manufactured material is proposed for use, test material for 
conformance to ASTM Standards by a certified independent testing laboratory 
located in the United States. Certification from any other source outside the 
United States is unacceptable.  Furnish copies of test reports to Project 
Manager for review.  Do not begin fabrication until material has  been 
approved. No additional payment will be made for this testing. 

1.05 QUALIFICATIONS 

A. Prepare shop drawings under direct supervision of a professional Structural 
Engineer experienced in design of this work and licensed in the State of 
Texas. 

B. Welders' Certificates: Submit following Section 01340 - Submittal Procedures, 
certifying welders employed on the Work, verifying AWS D1.1, Structural 
Welding Code, using procedures, materials and equipment of type required 
for this work. Welder must have been qualified or re-certified within the 
previous 12 months of date welding is being performed. 

1.06 FIELD  MEASUREMENTS 

A. Verify that field measurements are as indicated on Drawings. 

1.07 DELIVERY AND STORAGE 

A. Materials stored at project site: Store above ground on platforms, skids, or 
other supports. Keep free of dirt, mud, grease, or oil. Protect from corrosion. 
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PART 2: P R O D U C T S 

2.01 MATERIALS 

A. Steel Shapes and Plate:  ASTM A 36. 

B. Stainless Steel Sections: ASTM A 276, Type 316 for non-welded items and 
Type 316L for welded items. 

C. Steel Tubing: ASTM A 500 or ASTM A 501, Grade B. 

D. Pipe: ASTM A 53, Grade B Schedule 40. 

E. Bolts, Nuts, and Washers: ASTM A 307 galvanized to ASTM A 153 for 
galvanized components. Provide anchor bolts for all equipment and 
machinery when anchor bolts are not furnished by manufacturer. Conform 
anchor size, length, projection, etc., to requirements of equipment and 
machinery manufacturer. Provide templates to accurately position anchor 
bolts in forms. 

F. Stainless Steel Bolts and Nuts:  Bolts in accordance with ASTM F 593, Type 
316; nuts in accordance with ASTM F 594, Type 316; UNC coarse threads. 

G. Concrete Anchors: Concrete anchors are inserted into holes drilled in 
hardened concrete. Use one of the following types: 

1. Adhesive Anchors: Shall comply with Appendix D of ACI 318 and Chapter 
19 of the IBC. 

2. Expansion Anchors: Where concrete anchors are indicated and adhesive 
anchors are not required, wedge type anchors made with ASTM A 276, 
Type 316 Stainless Steel shall be used. Anchors shall be KWIK Bolt TZ By 
Hilti, Inc., or equal. 

H. Welding Materials: AWS D 1.1; type required for materials being welded. 

I. Shop and Touch-Up Primer: Same manufacturer as protective coating; 
compatible with protective coating; applied in accordance with manufacturer’s 
recommendation. 

2.02 FABRICATION 
 

A. Fit and shop-assemble in largest practical sections for delivery to site. 
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B. Fabricate items with joints tightly fitted and secured. Weld all shop 
connections except where welding is not practical, or unless otherwise shown 
on Drawings. Where screw bolts cannot be avoided, conceal fasteners where 
possible or countersink heads, screw up tight and nick threads to prevent 
loosening. Weld joints continuously except as shown on Drawings. 

C. Grind exposed joints flush and smooth with adjacent finish surface. Make 
exposed joints butt tight, flush, and hairline.  Ease exposed edges to small 
uniform radius. 

D. Exposed Mechanical Fastenings: Flush countersunk screws or bolts; 
unobtrusively located; consistent with design of component, except where 
specifically noted otherwise. 

E. Supply components required for anchorage of fabrications. Fabricate anchors 
and related components of same material and finish as fabrication, except 
where specifically noted otherwise. 

F. Welding shall conform to requirements of AWS D1.1, Structural Welding 
Code – Steel. Perform welding not governed by above in accordance with 
best modern practice for strength and durability. 

2.03 FINISHES 

A. Prepare surfaces to be primed in accordance with SSPC SP 2. 

B. Do not prime surfaces in direct contact with concrete or where field welding is 
required. 

C. Galvanize, after completion of welded fabrication, in accordance with ASTM A 
123, structural steel members. Provide minimum 1.25 ounces per square foot 
galvanized coating. 

PART 3: E X E C U T I O N 

3.01 EXAMINATION 

A. Verify that field conditions are acceptable and ready to receive work. 

B. Beginning of installation means erector accepts existing conditions. 

3.02 PREPARATION 

A. Clean and strip primed steel items to bare metal where site welding is 
required. 
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B. Supply items required to be cast into concrete or embedded in masonry with 
setting templates, to appropriate sections. 

C. Coat stainless steel threads with an anti-seizing compound prior to installing 
nuts. 

3.03 INSTALLATION 

A. Install items plumb and level, accurately fitted, free from distortion or defects. 

B. Allow for erection loads, and for sufficient temporary bracing to maintain true 
alignment until completion of erection and installation of permanent 
attachments. 

C. Field weld components indicated on shop drawings. 

D. Perform field welding in accordance with AWS D 1.1. 

E. Obtain Project Manager approval prior to cutting or making adjustments in the 
field. 

F. After erection, prime welds, abrasions, and surfaces not shop primed except 
surfaces to be in contact with concrete. 

3.04 ERECTION  TOLERANCES 

A. Maximum Variation from Plumb: 1/4 inch per story, non-cumulative. 

B. Maximum Offset from True Alignment: 1/4 inch. 

3.05 COATING  REPAIRS 

A. Thoroughly clean field welds, abrasions, and damaged or defective areas of 
galvanized surfaces to remove all loose, cracked or bruised splatter coating.  
After surface is prepared, for galvanized surfaces apply two coats of 
galvanizing repair coating, as approved by Project Manager. Repair other 
coated surfaces in accordance with manufacturer’s recommendations, unless 
otherwise specified. 

 
END OF SECTION 
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SECTION 05510 

ALUMINUM STAIRS AND RAILING SYSTEM 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. Furnish all labor, materials, equipment and incidentals necessary and install 
aluminum stairs complete with anchors and brackets, including integral 
handrails and posts when applicable, as shown on the drawings and as 
specified herein. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A. 

1.03 RELATED WORK 

A. Concrete is included in Division 3. 

B. Miscellaneous metal is included in Division 5. 

C. Handrailing is included in Section 05520. 

1.04 SUBMITTALS 

A. Submit, in accordance with Section 01340, complete shop drawings and 
calculations. Calculations and Shop Drawings shall be sealed by a licenced 
professional engineer. Submittals shall indicate construction details, sizes, of 
metal sections, thicknesses of metal, profiles, attachments, dimensions and 
field joints, method of support from structure, work to be built-in or provided 
by other sections and finished to conform to the Drawings and this Section. 
Indicate welded connections, both shop and field, using standard AWS 
welding symbols. Indicate net weld lengths. Submittals shall include the 
following:  

1. Two samples, each 8-in square in area, of each type finished material. 

2. Manufacturer’s certification that materials meet specification requirements. 

1.05 REFERENCE STANDARDS 

A. American Society for Testing and Materials (ASTM) 
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1. ASTM B221 – Standard Specification for Aluminum and Aluminum – Alloy 
Extruded Bars, Rods, Wire, Profiles and Tubes. 

B. Aluminum Association (AA) 

1. AA 6061-T6- aluminum Sheet and Plate 

C. American Welding Society (AWS) 

1. AWS D1.1 – Structural Welding Code – Steel 

D. American National Standards Institute (ANSI) 

1. ANSI A202.1 – Metal Bar Grating Manual for Steel and Aluminum 
Gratings and Stair Treads. 

E. Building Officials and Code Administrators Congress International, Inc. 
(BOCA) 

F. Occupation Safety and Health Administration (OSHA) 

G. Where reference is made to one of the above standards, the revision in effect 
at the time of bid opening shall apply. 

PART 2: PRODUCTS 

2.01 MATERIALS 

A. Aluminum: ASTM B221, alloy 6061-T6, Finish AA-C22A31. 

B. Components 

1. Stringers: Aluminum 

2. Headers: Aluminum 

3. Treads: Aluminum 

4. Risers: Aluminum 

5. Platforms: Aluminum 

6. Railings: Aluminum 

7. Handrails: Aluminum 
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2.02 GENERAL FABRICATION 

A. Verify dimensions on site prior to shop fabrication. Detail stair risers, treads 
and landings to conform with the requirements of OSHA latest edition and 
BOCA. 

B. Fabricate stairs, landings, and component connections to support live loads of 
minimum 100 lb/ sqft with deflection of stairs and landings not exceeding 
1/360 of span. Provide landing as indicated on drawings.  

C. Fabricate railing supports and component connections as indicated in section 
05520. 

D. Shop assemble sections in largest practical sizes, easily handled through 
building openings.  

E. Accurately form and fit components and connections. Grind exposed edges 
and welds and smooth and flush. 

F. Accurately form components required for proper anchorage of stairs and 
landings to each other and to building structure.  

2.03 FABRICATION OF SOLID TREAD AND CLOSED RISER STAIRS AND 
LANDINGS EXTERIOR 

A. Fabricate stair with closed risers and closed treads using structural aluminum 
channels, angles, plates ans extrusions for stringers, treads and all supports. 

B. Treads: Extruded or cast aluminum with integral nosing to form a one piece 
structural unit. Abrasive areas or serrations on the entire walking surface and 
open holes for drainage. 11-1/16-in wide tread shall b eI-Bar grating by 
Borden Metal Products Co.: Intertec Corp. or equal. 

C. Properly secure treads to stringers with 3/8-in stainless steel bolts and 
washers. All other fasteners are to also be stainless steel. 

D. Landings: Use the same design as treads. Reinforce underside of landings 
with aluminum angles, channels or T’s .  

PART 3: EXECUTION 

3.01 ERECTION 

A. Erect stairs square, level, plumb and free from distortion or defects 
detrimental to appearance and performance. 
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B. Provide necessary anchors, plats, angles, hangers and struts as required for 
connecting stairs to the structure.  

C. Ensure alignment with adjacent construction. Coordinate with related work to 
ensure no interruption in installation. 

D. Perform necessary cutting and altering for the installation of work of other 
Sections. Do not perform any other additional cutting without review of the 
Engineer.  

E. Field bolt and weld to match standard of shop bolting and welding. Hide bolts 
and screws whenever possible. Where not hidden, use flush countersunk 
fastenings, unless indicated otherwise. Make mechanically fastened joints 
flush hairline butted. Grind welds smooth and flush.  

 
END OF SECTION 
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SECTION 05520  

ALUMINUM HANDRAILS AND GUARDRAILS 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. Furnish all labor, materials, equipment and incidentals required and provide 
complete handrails and guardrails (including toeboards) as shown on the 
Drawings and as specified herein. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A. 

1.03 RELATED WORK 

A. Metal stairs (stringers and treads) are specified in Section 05510. 

B. Structural steel is included in Section 05120. 

C. Metal fasteners are included in Section 05090. 

D. Field Painting is included in Section 09905. 

1.04 SUBMITTALS 

A. Submit, in accordance with Section 01340, shop drawings prior to fabrication 
indicating rail layout, profiles, sizes of members, methods of assembly, 
attachments, anchorages, anchorage locations, sizes and types of fasteners, 
accessories and locations of expansion joints.  Submittals shall include at 
least the following: 

1. Manufacturer's load table and test data demonstrating that the railings will 
resist the loads specified in Paragraph 1.05 below at the post spacings 
provided. 

2. Letter certifying that railing system is in compliance with local building 
code and OSHA requirements. 

3. Letter of guarantee as required in Paragraph 1.08 below. 
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4. 12-in long samples of handrail and guardrail. Submit one sample of elbow, 
tee, wall bracket, escutcheon, end stop, rail joint connections. 

1.05 REFERENCE STANDARDS 

A. Aluminum Association (AA) 

1. Standard Specifications as referenced. 

B. Occupational Safety and Health Administration (OSHA). 

C. International Code Conference (ICC) 

1. International Building Code 2006 (IBC) 

D. Where reference is made to one of the above standards, the revision in effect 
at the time of bid opening shall apply. 

1.06 QUALITY ASSURANCE 

A. The railing assembly including rails, posts, attachments and anchors shall be 
adequate to resist the following forces without damages or permanent set.  
Apply each load so as to produce the maximum stress in each of the railing 
components. 

1. Handrails 

a. A concentrated load of 200 LBS applied at any point and in any 
direction. 

b. A uniform load of 50 LBS/FTt applied at any point and in any direction. 

2. Guardrails 

a. A concentrated load of 300 LBS applied at any point and in any 
direction along the top railing member. 

b. A uniform load of 100 LBS/FT applied in any direction along the top 
railing member. 

c. Infill area of guardrail system (including intermediate rails): A 
horizontal load of 200 LBS applied on a 1 SQ FT area anywhere in the 
system. 
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1.07 PROJECT/SITE REQUIREMENTS 

A. Fully coordinate the work of this Section with that of other Sections.  Verify at 
the site the dimensions and work of other trades adjoining or supporting the 
work of this Section prior to fabrication and installation. 

B. Take field measurements at the site to confirm and/or supplement indicated 
dimensions and to ensure proper fit of all components. 

C. Furnish to the appropriate trades all items specified under this Section and 
installed under other Sections. 

1.08 DELIVERY, STORAGE AND HANDLING 

A. Protect railings against scratching, splashes, mortar, paint and other damage 
using paper wrap, an approved coating, or both.  Provide such protection 
during transportation, storage, erection and until adjacent work by other 
trades is complete. 

1.09 WARRANTY 

A. Provide a certificate of guarantee against defects in materials or workmanship 
for a period of 2 years following substantial completion and acceptance by 
the owner. 

1.10 PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION 

A. Install anchors and/or post bases in concrete in compliance with the 
requirements of this Section and Section 05120. 

B. Install anchors and/or post bases on miscellaneous metals in compliance with 
the requirements of this Section and pertinent sections in Division 5. 

1.11 DEFINITIONS 

A. Guardrail:  A protective railing adjacent to a change in height in a structure.  
Used also at the open sides of stairways. 

B. Handrail:  A horizontal or sloped single rail system supported by balusters or 
wall brackets. 

PART 2: PRODUCTS 

2.01 WELDED ALUMINUM RAILING SYSTEM 

A. Section Properties 
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1. Aluminum posts shall be nominal 1-1/2-in diameter schedule 80 pipe. 
Aluminum rails shall be nominal 1-1/2-in diameter schedule 40 pipe. All 
connections shall be welded. Heights and post mountings shall be as 
shown on the drawings. System shall comply with all requirements of 
OSHA and the applicable local building codes. Circumferential welds shall 
be ground smooth and even to produce a railing that is neat in appearance 
and structurally sound. 

B. Materials 

1. Aluminum alloy shall be 6063-T6 or 6061-T6. 

2. Fastening hardware shall be Type 304 stainless steel supplied by the 
handrail manufacturer. 

3. Safety gates, aluminum pipe as specified for rails and posts.  Provide self-
closing gate with aluminum or stainless steel hinges and a stainless steel 
spring closer and latch. 

4. Safety chains where indicated on the Drawings or required shall be 
fabricated from a minimum 17/64-in diameter aluminum rod and attached 
to posts with stainless steel hooks. 3/16-in stainless steel chain may be 
used in lieu of aluminum. 

5. Toeboards. Extruded 4-in channel-shaped for straight and 4-in flat bar for 
circular installations fabricated of aluminum alloy 6063-T6 as shown on the 
Drawings installed with not more than 1/4-in clearance above the floor 
level as prescribed by OSHA. Provide splice plates, corner splice 
connectors and connections to posts as shown on the Drawings and as 
required for installation. 

6. All railing, posts and toeboards and exposed aluminum shall be anodized 
with an architectural Class I satin finish providing a minimum coating 
thickness of 0.7 mils and a minimum coating weight of 32 milligrams per 
square inch in compliance with AA M12C22A41.  Color shall be Clear 
Satin. 

2.02 PVC SLEEVES 

A. PVC sleeve embeds shall be fabricated of 3-in Schedule 40 PVC pipe. 

2.03 FABRICATION 

A. The railing system fabricator shall be responsible for design of a system 
adequate to conform to the requirements of OSHA, applicable local building 
codes and the detailed requirements of the Drawings and as specified herein. 
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B. Post spacing shall not exceed that noted on the Drawings nor the 
requirements of OSHA nor a maximum of 6-ft-0-in on center.  Provide uniform 
post spacing adequate to resist the loads specified in Paragraph 1.05 above. 
Shorter spacing may be used at ends of lines of railing when required to 
maintain uniform spacing along the line. Posts shall be provided at all ends 
and corners of runs when toeboards are provided. 

C. Field splices and expansion joints shall have internal sleeves.  Accurately 
form components to each other and to the structure with tightly fitted joints 
providing smooth transitions. 

D. Make provision for thermal movements of the rails and toeboards.  Provide 
expansion joints at not more than 24-ft on center unless the manufacturer 
recommends a closer spacing. 

E. Make provisions for removable railing sections where indicated on the 
Drawings. 

F. Provide 3/16-in weep holes located 1/4-in to 3/4-in above the grout line for 
posts set in grout or concrete. 

G. Supply components required to anchor fabrications to the structures.  Support 
handrails from structural members using approved sockets, flanges, brackets, 
or other means which provide neat and substantial support. 

H. All railing surfaces and anchorage systems in contact with concrete or 
dissimilar metals shall receive one applied coat of zinc chronate to a dry film 
thickness of 10 mils. 

I. For welded systems, continuously seal joined pieces by continuous welds. 

PART 3: EXECUTION 

3.01 EXAMINATION 

A. Verify that field conditions are acceptable and are ready to receive work prior 
to commencing installation. 

3.02 PREPARATION 

A. Supply items required to be cast into concrete, embedded in masonry, and/or 
placed in partitions with setting templates, to appropriate trades for 
installation under other Sections. 

3.03 INSTALLATION 

A. Install railings in compliance with manufacturer's instructions. 
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B. Install components plumb and in line, accurately fitted, free from distortion or 
defects and securely anchored to the structure. 

C. Provide anchors, plates, angles, etc, required for connecting railings to 
structure. 

D. Accurately cut rail and toeboard to be field-cut and attached to posts in full 
compliance with the manufacturers instructions. 

3.04 ERECTION TOLERANCES 

A. Maximum variation from plumb shall be 1/4-in. 

B. Maximum offset from true alignment for every 50-ft length of railing shall be 
1/4-in, non-cumulative. 

 

END OF SECTION 
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SECTION 07900 

JOINT SEALANTS 

PART 1: GENERAL 

1.01 SECTION INCLUDES 

A. Seal the following where they occur in the Work: 

1. Joints – Interior and exterior joints in floors, walls, and soffits between 
dissimilar materials and systems, and control the expansion joints within 
single systems including, but not limited to joints between: 

a. Exterior – Opening frame heads, jambs, and sills; wall control and 
expansion joints; masonry coping, sill, tread and riser head joints; 
surface flashing receivers to walls; joints at changes in wall material or 
systems; concrete and paver control and expansion joints; joints along 
lines of wall system support.  

b. Interior – Exterior wall opening frame heads, jambs, and sills; floor, 
wall and soffit control and expansion joints not provided with covers.  

2. Beads – Counter and cabinet top splashes and fonts to walls; cabinet and 
shelf unit bodies to wall; plumbing fixtures to floor and walls; wall mirror 
bottoms to counter or splash tops; opening frame heads and jambs butted 
in partition openings; opening casing back bands to walls, except casings 
of KD frames installed in finished walls; saws concrete floor control joints 
under resilient floorings or carpet.  

3. Individual sealing of joints between members and within assemblies of 
systems shall be provided in the system in accordance with this section, 
including, but not limited to joints between: 

a. Window, window wall, storefront and skylight members. 

b. Prefabricated wall panels. 

c. Metal roof and wall panels, and windows, window walls, storefronts, 
doors and other openings made a part of a complete metal wall 
system.  

d. Glass and other panels and the framing member of glazing systems. 

e. Glass and glass in structural glazing systems. 
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1.02 MEASUREMENT AND PAYMENTS 

A. No separate payment will be made for work performed under this Section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A.  

1.03 SUBMITTALS 

A. Conform to procedures specified in Section 01330 – Submittals and the 
requirements below. 

1. List of products – List of all classes of joints to be sealed with Product 
proposes for each class as specified under Product Selection.  

2. Product data – For each product in the list of products above, showing 
recommendation for use in the class proposed and preparation and 
installation in instructions.  

3. Manufacturer’s certificates of compliance.  

1.04 QUALITY ASSURANCE 

A. Manufacturer: Company specializing in manufacturing the products specified 
in this Section with minimum three years documented experience.  

B. Applicator: Company specializing in applying the work of this Section with 
minimum three years documented experience and approved by sealant 
manufacturer.  

C. Conform to Sealant and Waterproofers Institute requirements for materials 
and installation. 

1.05 SPECIAL WARRANTY 

A. Duration 5 years minimum. The Contractor shall provide the City (Wastewater 
Operations) with a certificate accepting responsibility for the items covered in 
the scope of this specification. The certificate shall be dated five years from 
the date of Substantial Completion.   

1.06 DEFECTS 

A. Stress relation or compression set (failure to recover from stretch or squeeze) 
and any type of leak or loosening or tearing of sealant will be considered 
among defects to be corrected by replacement.  

07900-2 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 JOINT SEALANTS 

1.07 RELATION WITH OTHER SECTIONS 

A. Unless otherwise shown, sealant installation shall follow field painting 
completion with preparation of the painted joint surface as required for bond.  

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS/PRODUCTS 

A. Subject to compliance with these specifications, or approved equal unless 
otherwise shown.  

2.02 LIQUID SEALANTS 

A. Shall be one part Federal Specification TT-S-00230 or multipart Federal 
Specification TT-S-00227, Type I (self leveling) or Type II (non-sag) Class A 
(50% total joint deformation) or Class B (25% total joint deformation) as 
specified or required, in not less than forty standard or custom colors, 
manufactured by Dow Corning Corporation, General Electric Company 
(Silicone), Tremco Manufacturing Company, Sonneborn-Contech, Inc., 
Pecora Company (Polyurethane, polysulfide, butyk rubber, acrylic). 

2.03 FIRE RATED SEALANT SYSTEMS 

A. For joints thru fire rated walls – System of joint packing with Class A sealant 
both sides full length of joint, UL rated to match the jointed construction rating.  

1. Submit systems for review.  

2.04 JOINT BACKERS 

A. Round rod – Closed cell polyethylene or open cell polyurethane product 
conforming to the sealant manufacturers published recommendations for 
each sealant use, in various sizes 25% larger than the greatest actual 
dimension of the joints filled. 

B. Rectangular tape – Closed cell adhesive backed PVC or polyurethane tape 
with release paper face in various thicknesses and widths to adjust shallow 
joint depths to required sealant depth.  

1. Norton – Norseal V 700 Series 

C. Bond breaker tape – Heavy weight adhesive backed polyethylene product 
conforming to sealant manufacturers’ published recommendations.   
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2.05 PRODUCT SELECTION 

A. A schedule of joint classifications according to materials joined, width, 
anticipated temperature range and movement, and conditions of wear and 
exposure, made applicable to identified project joints, shall be submitted, with 
product recommendations for each classification, selected for elongation and 
hardness consistent with anticipated joint movement and conditions of wear 
and other constraints in accordance with manufacturers published 
recommendations, subject to the following. 

1. For joints in vertical, sloped, and overhead surfaces and short joints in 
horizontal surfaces such a coping, tread and riser, and sill head joints, use 
Type II (non-sag). For longer joints in horizontal surfaces, use Type I (self 
leveling). 

2. Polyurethane and polysulfide shall be two parts products. One-part 
products may be approved for uses where the total requirement is less 
than the minimum two-part product package. 

3. Only silicone, polyurethane or polysulfide for exterior work including joints 
within open structures such as parking garages, etc. 

4. Only white mildew-proof silicone for china and enameled plumbing 
fixtures, and lavatory and sink countertops and splashes.  

5. Only clear silicone for stainless steel fixtures, countertops and splashes. 

6. Only polyurethane for joints 1 inch and wider. 

7. Only epoxy sealant for joints 

8. Only Performed Sealants in joints shown. 

9. Only products specifically recommended for use in vehicular including 
aircraft pavements, for intermittent or continuous submergence, and for 
use in specific locations subject to chemical exposures. 

10. Only compatible products in contact. 

11. Only products of one manufacturer for differing sealants in any one joined 
material combination for color match.  

B. Anticipation project joint movements shall be supported by calculations or 
identification in manufacturers published selection graphs, or selection may 
be as follows.  
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1. For all exterior joints and interior sides of expansion joints, sealant 
capable of 50% total joint deformation.   

2. For interior control joints and interior head jamb and still joints of windows 
storefront window wall etc., sealant capable of 25% total joint deformation.  

3. For interior sealant beads, sealant capable of 10% total joint deformation.  

PART 3: – EXECUTION  

3.01 PREPARATION  

A. Cleaning: Remove oil, grease, and foreign or loose material from joint 
surfaces. Clean non-porous surfaces with oil-free solvents such as Tuluol, 
methyl ethyl ketone, or a mixture of equal parts of xylol and acetone. Remove 
lacquer from aluminum surfaces in contact with Sealant if necessary to 
achieve adhesion. Do not use soap, detergent,or any waterbased cleaner. 
Rake out mortar extrusions, and plaster, drywall and other wall coating edge 
ridges and smears, etc. clear of the full joint or bead width. 

B. Joint filler: 

1. Round backer rod – Position in open bottom joints to provide for specific 
depth of compound. Install without stretching or crushing to form a 
continuous smooth surface at required depth adjusted to changing width 
as found.  

2. Backing tape – Required under Sealant where depth of joint will not 
accept backer rod or rectangular tape. Cover surface at back of joint with 
Backing Tape to form a continuous bond breaker between sealant and the 
back surface of the joint. Protection: Cover adjacent finish surfaces with a 
continuous strip of masking tape 2 inches wide as required. Apply tape 
prior to priming.  

3. Backing Tape – Required under Sealant where depth of joint will not 
accept backer rod or rectangular tape. Cover surface at back of joint with 
Backing Tape to form a continuous bond breaker between sealant and the 
back surface of the joint. Protection: Cover adjacent finish surfaces with a 
continuous strip of masking tape 2 inches wide as required. Apply tape 
prior to priming.  

C. Primer: Comply with compound manufacturer’s recommendations for type of 
primer and its application for the sealant and substrate materials involved.  
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3.02 APPLICATION  

A. Liquid Sealant: 

1. Depth of compound – Half the joint width, but not less than ¼ inch or 
greater than 1 inch, or as recommended by manufacturer.   

2. Application – Mask both sides of joints for non-sag compound as required, 
using heavy square edge tape at sheet metal butt joints to achiever 1/8 
inch minimum depth. Apply with cartridge type gun, keeping nozzle tip 
deep in joint to force compound to fill the joint, except where compound 
manufacturer recommends knife application or other techniques. Gun 
beads into place for adequate side adhesion.  

3. Mask both sides of joint for self-leveling compound and pour or gun into 
the joint and recess to a flat surface 1/16 inch (+/-) below the surfaces.  

4. In joints with bullnose, beveled or irregular edges, recess sealant to the 
top of the uniform cross section.  

5. Finish with recommended tools and lubricants to force compound into the 
joint cavity and as necessary to assure wetting of entire bonding surface. 
Form flat joints slightly concave. Smooth bevels and beads.  

6. Tape – Remove masking tape as soon as the joint has cured sufficiently to 
release from the tape without damage.  

7. Double line sealant systems – For precast concrete wall joints install 
backer rod at inside face of panels and apply sealant from outside with 
long nozzle gun. Turn bottom of deal out to face of the wall panel at 
supporting shelves, leaving a weep opening below. Install seal at outside 
face of wall panels leaving a weep opening above the inside seal turn out, 
and carry over top of parapets and down to counter flashings.  

B. Preformed Sealant: Release from precompression and adhere material to one 
side of the joint at least 1/8 in. behind deepest surface. Monitor expansion 
and replace sections failing to fully close joint with wider material. Make 
corners according to manufacturers instructions to be water tight as 
associated running joints.  

 
END OF SECTION 
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 SECTION 07921 
 
 CAULKING AND SEALANTS 
PART 1    G E N E R A L 
 
1.01 SECTION INCLUDES 
 

A. Preparing sealant substrate surfaces. 
 

B. Sealant and backing. 
 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section. 
Include the cost for this work in the lump sum Stipulated Price in Section 
00410, Part B, Paragraph A. 

 
1.03 REFERENCES 
 

A. ANSI/ASTM D 1056 - Flexible Cellular Materials - Sponge or Expanded 
Rubber. 

 
B. ANSI/ASTM D 1565 - Flexible Cellular Materials - Vinyl Chloride Polymers and 

Copolymers (Open-Cell Foam). 
 

C. ASTM C 790 - Use of Latex Sealing Compounds. 
 

D. ASTM C 804 - Use of Solvent-Release Type Sealants. 
 

E. ASTM C 834 - Latex Sealing Compounds. 
 

F. FS TT-C-00598 - Calking Compound, Oil and Resin Base Type. 
 

G. FS TT-S-001657 - Sealing Compound, Single Component, Butyl Rubber 
Based, solvent Release Type. 

 
H. FS TT-S-00227 - Sealing Compound:  Elastomeric Type, Multi-Component. 

 
I. FS TT-S-00230 - Sealing Compound:  Elastomeric Type, Single Component. 

 
J. FS TT-S-001543 - Sealing Compound, Silicone Rubber Base. 

 
K. SWI (Sealing and Waterproofers Institute) - Sealant and Caulking Guide 

Specification. 
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1.04 SUBMITTALS 
 

A. Submit product data following Section 01330 - Submittal Procedures. 
 

B. Submit product data indicating sealant chemical characteristics, performance 
criteria, limitations, color availability. 

 
C. Submit samples following Section 01330 - Submittal Procedures. 

 
D. Submit two samples 6 inches long, in size illustrating colors selected. 

 
E. Submit manufacturer's installation instructions following Section 01330 - 

Submittal Procedures. 
 

F. Submit manufacturer's certificate following Section 01312 - Coordination and 
Meetings, that products meet or exceed requirements. 

 
1.05 QUALITY ASSURANCE 
 

A. Manufacturer:  Company specializing in manufacturing the products specified 
in this Section with minimum 3 years documented experience. 

 
B. Applicator:  Company specializing in applying the work of this Section with 

minimum 3 years documented experience and approved by sealant 
manufacturer. 

 
C. Conform to Sealant and Waterproofers Institute requirements for materials and 

installation. 
 
1.06 ENVIRONMENTAL REQUIREMENTS 
 

A. Do not install solvent curing sealants in enclosed building spaces. 
 

B. Maintain temperature and humidity recommended by the sealant manufacturer 
during and after installation. 

 
1.07 SEQUENCING AND SCHEDULING 
 

A. Coordinate the work of this Section with related work. 
 
1.08 WARRANTY 
 

A. Provide 5-year warranty under provisions of Section 01770 - Closeout 
Procedures. 
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B. Warranty: Include coverage of installed sealants and accessories which fail to 
achieve air tight and watertight seal, exhibit loss of adhesion or cohesion, or 
do not cure. 

 
PART 2    P R O D U C T S 
 
2.01 SEALANTS 
 

A. Oil Based:  Single component, resinous compound, elongation capability of 0 
to 2 percent of joint width. 

 
B. Acrylic Emulsion Latex:  Single component, nonstaining, nonbleeding, 

nonsagging; color as selected from the manufacturer’s standard line. 
 

1. Elongation Capability: 2 to 5 percent 
2. Service Temperature Range: 2 F to 160 F 
3. Shore A Hardness Range: 15 to 40 

 
C. Acrylic Sealant:  Single component, solvent curing, nonstaining, nonbleeding, 

nonsagging, capable of continuous water immersion; color as selected from 
the  manufacturer’s standard line. 

 
1. Elongation Capability:   7.5 to 12 percent 
2. Service Temperature Range: -13 F to 180 F 
3. Shore A Hardness Range:   25 to 50 

 
D. Butyl Sealant:  Single component, solvent release, nonskinning, nonsagging, 

black color. 
 

1. Elongation Capability:   7 to 10 percent 
2. Service Temperature Range: -13 F to 180 F 
3. Shore A Hardness Range:   10 to 30 

 
E. Polysulphide Sealant: Single component, chemical curing, nonstaining, 

nonbleeding, capable of continuous water immersion, nonsagging self-leveling 
type; color as selected from the manufacturer’s standard line. 

 
1. Elongation Capability:  20 percent 
2. Service Temperature Range: -40 F to 180 F 
3. Shore A Hardness Range:  20 to 35 

 
F. Polysulphide Sealant:  Two component homogeneous mix, chemical curing, 

nonstaining, nonbleeding, capable of continuous water immersion, nonsagging 
type; color as selected from the manufacturer’s standard line. 
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1. Elongation Capability:   25 percent 
2. Service Temperature Range: -40 F to 180 F 
3. Shore A Hardness Range:   20 to 35 

 
G. Polyurethane Sealant:  Single component, chemical curing, nonstaining, 

nonbleeding, capable of continuous water immersion, nonsagging, color as 
selected from the manufacturer’s standard line. 

 
1. Elongation Capability:   25 percent 
2. Service Temperature Range: -40 F to 180 F 
3. Shore A Hardness Range:   20 to 35 

 
H. Polyurethane Sealant:  Multi-component, chemical curing, nonstaining, 

nonbleeding, capable of continuous water immersion, nonsagging, color as 
selected from the  manufacturer’s standard line. 

 
1. Elongation Capability:   25 percent 
2. Service Temperature Range: -40 F to 180 F 
3. Shore A Hardness Range:   20 to 35 
 

I. Silicone Sealant:  Single component, solvent curing, nonsagging, nonstaining, 
fungus resistant, nonbleeding; color as selected from the manufacturer’s 
standard line. 

 
1. Elongation Capability:   25 percent 
2. Service Temperature Range: -65 F to 180 F 
3. Shore A Hardness Range:   15 to 35 

 
J. Silicone Sealant: Single component, fungus resistant, chemical curing, 

nonsagging, nonstaining, nonbleeding; color as selected from the 
manufacturer’s standard line. 

 
1. Elongation Capability:   25 percent 
2. Service Temperature Range: -65 F to 180 F 
3. Shore A Hardness Range:   15 to 25 

 
2.02 ACCESSORIES 
 

A. Primer: Nonstaining type, as recommended by sealant manufacturer to suit 
application. 

 
B. Joint Cleaner: Noncorrosive and nonstaining type, recommended by sealant 

manufacturer; compatible with joint forming materials. 
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C. Joint Backing: ANSI/ASTM D 1056; round, closed cell polyethylene; oversized 
30 to 50 percent larger than joint width. 

 
D. Bond Breaker:  Pressure sensitive tape recommended by sealant 

manufacturer to suit application. 
 
PART 3    E X E C U T I O N 
 
3.01 EXAMINATION 
 

A. Verify that surfaces and joint openings are ready to receive work and field 
measurements are as shown on Drawings and recommended by 
manufacturer. 

 
B. Beginning of installation means installer accepts existing surfaces and 

substrate. 
 
3.02 PREPARATION 
 

A. Clean and prime joints in accordance with manufacturer's instructions. 
 
B. Remove loose materials and foreign matter which might impair adhesion of 

sealant. 
 

C. Verify joint backing and release tapes are compatible with sealant. 
 

D. Perform preparation in accordance with ASTM C 804 for solvent release or 
ASTM C 790 for latex base sealants. 

 
E. Protect elements surrounding the work of this Section from damage or 

disfiguration. 
 
3.03 INSTALLATION 
 

A. Perform installation in accordance with ASTM C 804 for solvent release or 
ASTM C 790 for latex base sealants. 

 
B. Measure joint dimensions and size materials to achieve required width/depth 

ratios. 
 

C. Install joint backing to achieve a neck dimension no greater than 1/3 the joint 
width. 

 
D. Install bond breaker where joint backing is not used. 
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E. Apply sealant within recommended application temperature ranges.  Consult 
manufacturer when sealant cannot be applied within these temperature 
ranges. 

 
F. Install sealant free of air pockets, foreign embedded matter, ridges, and sags. 

 
G. Tool joints as detailed. 

 
3.04 CLEANING AND REPAIRING 
 

A. Clean work under provisions of Section 01770 - Closeout Procedures. 
 

B. Clean adjacent soiled surfaces. 
 

C. Repair or replace defaced or disfigured finishes caused by work of this 
Section. 

 
3.05 PROTECTION OF FINISHED WORK 
 

A. Protect sealants until cured. 
 

END OF SECTION 
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SECTION 09840 

CONCRETE CORROSION RESISTANT LINING 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, equipment and incidentals 
necessary to apply protective coatings or linings to concrete surfaces as 
shown on the Drawings and as specified herein. The term coating or lining as 
described in this specification is interchangeable and shall apply to all 
products specified. 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section at 
the lime storage and feed facilities, the caustic feed pump area, and new 
chemical unloading stations. Include the cost for this work in the lump sum 
Stipulated Price in Section 00410, Part B, Paragraph A. 
  

B. Under Section 00410, Part B, Paragraph C, Extra Unit Price Table, Contractor 
is required to provide a unit price for providing protective coatings to a 
specified quantity of concrete surface at the existing Fluoride Storage and 
Feed Facility, as specified under this Section.  This Bid Item is included to 
provide a price for additional coating to protect the existing Fluoride Storage 
and Feed Facility, which is not included in the Stipulated Price in Section 
00410 Part B, Paragraph A.  Unit Bid Price shall include all labor, material, 
warranty, equipment and incidentals. Final quantities for unit price bid items 
will be determined in accordance with the General Conditions and Section 
01270 – Measurement and Payment. Extra unit price work is paid only when 
authorized in advance by the CM/PM. 

1.03 QUALITY ASSURANCE 

A. Related Sections 

1. Section 09905 – Paint and Protective Coatings    

B. Applicator’s Qualifications 

1. Manufacturer certification that Applicator has been trained and approved 
in the handling, mixing and application of the products to be used. 
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2. Certification by the protective coating or lining manufacturer that the 
equipment to be used for applying the products has been approved and 
Applicator personnel have been trained and certified for proper use of the 
equipment. 

3. Three years experience and five recent references of projects of similar 
size and scope indicating successful application on underground concrete 
or masonry substrates of the specified products. 

1.04 SUBMITTALS 

A. Submittals shall include: 

1. Manufacturer’s product data sheet for each coating type, including surface 
preparation requirements, recommended spreading rates, application 
procedures, recommended primers, and other instructions. 

1.05 STANDARDS 

A. The applicable provisions of the following standards shall apply as if written 
here in their entirety: 

1. ANSI, American National Standards Institute, 1430 Broadway, New York, 
NY  10018. 

2. NACE, National Association of Corrosion Engineers, P.O. Box 1499, 
Houston, TX  77001. 

3. OSHA, Occupational Safety and Health Administration, Department of 
Labor,Washington, DC.   

4. SSPC, Steel Structures Painting Council, 4400 Fifth Avenue, Pittsburgh, 
PA  15213. 

5. In the event of a conflict between the published standards, codes and this 
specification, the provisions of the specification shall govern. 

1.06 JOB CONDITIONS 

A. The Owner shall approve surfaces for application of coating at each stage.  
Any material that is coated prior to the Owner’s approval shall be stripped 
back and recoated. 

B. Environmental Conditions 
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1. Do not apply under conditions that are unsuitable for the production of 
good results.  Do not begin application of coatings in areas where other 
trades are working, or where construction activities result in airborne dust 
or other debris.  Do not apply coatings in conditions which do not conform 
to the recommendations of coating manufacturer. 

2. Coatings shall only be applied when conditions fall within the parameters 
listed in manufacturer’s printed data. 

3. Do not apply any coatings when weather conditions are unfavorable.  In 
the event that climatic conditions are not conductive for best results, 
postpone application of coatings until conditions conform to the 
manufacturer’s recommendations and the provisions of this specification.    

4. Do not apply coatings to a wet or damp surface in wet or damp weather 
conditions, or when there is dust in the air.  Surfaces exposed to direct 
sunlight shall be shaded by awnings or other protective devices while 
coatings are being applied.  When necessary, provide temporary heating 
devices of a type that produces no fumes which will discolor the paint 
system. 

5. Apply coatings to surfaces which will be under water constantly or which 
periodically will be under water during operation of the project in 
accordance with requirements for submerged structures to the top of the 
wet well.  Mask the line of demarcation between the coating systems to a 
straight level line. 

6. Concrete shall be cured for 28 days minimum before coating is applied. 

C. Working Conditions 

1. Provide adequate lighting at any location that coatings are being applied 
or testing is performed.  Illumination shall be of sufficient intensity to 
achieve good results.  Provide explosion-proof lighting when required. 

2. Temporary ladders and scaffolds shall conform to applicable safety 
requirements.  Erect temporary scaffolds where needed to cover large 
areas.  Provide ladders or scaffolding during testing procedures. 

1.07 WARRANTY 

A. Corrosion-resistant lining shall be warranted for a period of five years from the 
date of the Owner’s acceptance of the project.   
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B. A warranty inspection shall be conducted in the 59th month following 
completion of painting and coatings.  Any defective work discovered at this 
date shall be corrected by the Contractor and coating system installer/supplier 
in accordance with specifications at no additional cost to the Owner.  Other 
corrective measures may be required during the five year warranty period. 

1.08 SYSTEM DESCRIPTION 

A. Concrete coating systems shall be applied to concrete surfaces as specified 
herein. Coatings shall be applied to all horizontal and vertical concrete 
surfaces in all chemical tank containment areas (as listed in 1.7.B herein) at 
the following locations: 

1. Hydrofluosilicic Acid Facility: Existing interior and exterior indoor and 
outdoor concrete surfaces in tank and equipment containment areas. 

2. Lime Storage and Feed Facilities: New outdoor concrete surfaces in tank 
containment areas. 

3. Chemical Tank Unloading Stations: New outdoor concrete surfaces.  

B. All concrete surfaces within these areas shall be coated including tank pads, 
stairs, pump pads, and miscellaneous concrete items. Coatings for the 
containment area vertical wall faces shall terminate on a horizontal surface 
(top of wall or floor) surface using the manufacturer’s recommended coating 
edge termination detail.  

C. All coating systems shall include the addition of an aggregate to provide a 
non-slip walking surface.  

D. Coating systems shall be resistant to (no deleterious effects to concrete after 
24 hour submergence) and compatible with the following chemicals and trade 
concentrations: 

1. Sodium Hydroxide:   25 to 50% 

2. Hydrofluosilisic Acid:  23 to 25% 

3. Hydrated Lime Slurry:  35% 

PART 2: PRODUCTS  

2.01 ACCEPTABLE MAUFACTURERS 

A. Subject to conformance with the Contract Documents, the following 
manufacturers are approved: 
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1. Tnemec  

2. Sherwin Williams 

2.02 MATERIALS 

A. The materials used in the coating systems shall be a combination of powder, 
liquid, and hardener that must be mixed together as used, specially 
compounded to protect concrete surfaces from corrosion. 

B. Physical Properties 

1. The coating systems shall have good impact resistance and shall have 
sufficient elongation to bridge cracks up to 50 mils wide in the concrete. 

2. The coating systems shall be repairable at any time during the life of the 
structure. 

3. The coating systems shall have the following physical properties: 

a. Absorption (ASTM C413): No greater than 0.3% in 30 days 
following 14 days of cure 

b. Compressive Strength (ASTM C579): 4,500 psi minimum 

c. Adhesion (ASTM D4541):  Minimum of 350 psi 

d. Abrasion (ASTM D4060): Less then 88 mg loss (CS17 wheel; 
1000 gm load)  

e. Density (ASTM C905): 113 pcf 

f. Solids by Volume: 100% 

g. Water Vapor Transmission: WVT Rate of less than 0.2 (ASTM E96, 
Method E) grams per 100 sq. in. in 24 
hours with no increase in rate following 
longer exposure time 

h. Flexural Strength (ASTM C580): 4,900 psi 

i. Modulus of Elasticity (ASTM C580): 2.75 x 105 psi  

j. Tensile Strength (ASTM C307): 2,000 psi 

k. Thermal Coefficient of Linear Expansion: 3.5 x 10-5 in/in/deg F (ASTM    
D696) 
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C. System Specifics 

1. Hydrofluosilisic Acid Containment Areas:  

a. Tnemec 

1) Primer: Series 120-5002 Beige Vinester applied at 12 to 18 mils 
DFT 

2) Body Coat: Series 252SC Chembloc blended with Part C aggregate 
and applied as slurry coat 60 to 80 mils DFT 

3) Mat: Series Chembloc Part D fiberglass met into wet body coat 

4) Saturant Coating: Series 252SC Chembloc applied at 8 to 12 mils 
DFT 

5) First Topcoat: Series 252SC Chembloc applied 12 to 18 mils DFT 

6) Second Topcoat: Series 120-5001 Vinester applied at 12 to 18 mils 
DFT 

7) Total system DFT shall be 104 mils minimum. 

b. Sherwin Williams 

1) Primer: Corobond Vinyl Ester Primer, 3.5 to 4.5 mils DFT 

2) Body Coat: Cor-Cote VEN Vinyl Ester Novolac Clear with 20 lbs 
Type M Aggregate per gallon, 60 to 65 mils DFT 

3) Mat: 1.0 oz  fiberglass mat into wet body coat 

4) Saturant Coating: Cor-Cote VEN Vinyl Ester Novolac Clear applied 
at 10 to 15 mils DFT 

5) First Topcoat: Cor-Cote VEN GF Graphite Filled Vinyl Charcoal 
Gray applied at 15 to 20 mils DFT  

6) Second Topcoat: Cor-Cote VEN GF Graphite Filled Vinyl Charcoal 
Gray applied at 15 to 20 mils DFT 

2. Sodium Hydroxide and Ammonia Secondary Containment Areas:  

a. Tnemec: 

1) Primer: Tnemec Series 201 Epoxoprime applied 12.0 to 18.0 mil 
DFT 
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2) Body Coat: Tnemec Series 239SC Chembloc blended with Part C 
aggregate and applied as slurry coat 60 to 80 mils DFT 

3) Mat: Tnemec Series 239SC Chembloc Part D fiberglass met into 
wet body coat 

4) Saturant Coating: Tenemec Series 239SC Chembloc applied at 8 
to 12 mils DFT 

5) Topcoat: Tnemec Series 282 Tneme-Glaze applied 12.0 to 18.0 
mils DFT 

6) Total system DFT shall be 92 mils minimum. 

b. Sherwin Williams 

1) Primer: Corobond 100 Epoxy Primer Sealer, 4 to 6 mils DFT 

2) Body Coat: Cor-Cote HCR Novolac with 25 lbs Type M aggregate 
per 1.25 gallons, 60-65 mils DFT.  

3) Mat: 1.0 oz  fiberglass mat into wet body coat 

4) Saturant Coating: Cor-Cote HCR applied at 10 to 15 mils DFT 

5) Topcoat: Cor-Cote HCR FF Flake Filled Novolac Epoxy applied at 
15-20 mils DFT or Cor-Cote HCR Novolac Epoxy at 15 to 20 mils 
DFT.   

3. Ferric Sulfate/Alum Containment Areas:  

a. Tnemec: 

1) Primer: Tnemec Series 201 Epoxoprime applied 12.0 to 18.0 mil 
DFT 

2) Body Coat: Tnemec Series 239SC Chembloc blended with Part C 
aggregate and applied as slurry coat 60 to 80 mils DFT 

3) Mat: Tnemec Series 239SC Chembloc Part D fiberglass met into 
wet body coat 

4) Saturant Coating: Tenemec Series 239SC Chembloc applied at 8 
to 12 mils DFT 

5) Topcoat: Tnemec Series 282 Tneme-Glaze applied 12.0 to 18.0 
mils DFT 
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6) Total system DFT shall be 92 mils minimum. 

b. Sherwin Williams 

1) Primer: Corobond 100 Epoxy Primer Sealer, 4 to 6 mils DFT 

2) Body Coat: Cor-Cote HP with 25 lbs Type M aggregate per 1.25 
gallons, 60-65 mils DFT.  

3) Mat: 1.0 oz  fiberglass mat into wet body coat 

4) Saturant Coating: Cor-Cote HP applied at 10 to 15 mils DFT 

5) Topcoat: Cor-CoteHCR FF Flake Filled Epoxy applied at 15-20 mils 
DFT.   

4. Hydrated Lime Containment Areas:  

a. Tnemec: 

1) Primer: Tnemec Series 201 Epoxoprime applied 12.0 to 18.0 mil 
DFT 

2) Body Coat: Tnemec Series 239SC Chembloc blended with Part C 
aggregate and applied as slurry coat 60 to 80 mils DFT 

3) Mat: Tnemec Series 239SC Chembloc Part D fiberglass met into 
wet body coat 

4) Saturant Coating: Tenemec Series 239SC Chembloc applied at 8 
to 12 mils DFT 

5) Topcoat: Tnemec Series 282 Tneme-Glaze applied 12.0 to 18.0 
mils DFT 

6) Total system DFT shall be 92 mils minimum. 

b. Sherwin Williams 

1) Primer: Corobond 100 Epoxy Primer Sealer, 4 to 6 mils DFT 

2) Body Coat: Cor-Cote HP with 25 lbs Type M aggregate per 1.25 
gallons, 60-65 mils DFT.  

3) Mat: 1.0 oz  fiberglass mat into wet body coat 

4) Saturant Coating: Cor-Cote HP applied at 10 to 15 mils DFT 
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5) Topcoat: Cor-Cote HP FF Flake Filled Epoxy applied at 15-20 mils 
DFT.   

PART 3: EXECUTION 

3.01 SURFACE PREPARATION REQUIREMENTS 

A. Surface Preparation of New and Existing Concrete Substrates 

1. Abrasive blast clean or hydro blast clean all concrete surfaces in 
accordance with SSPC-SP-13/NACE. 

2. Cleaning of concrete surfaces must produce a minimum, uniform 
substrate anchor pattern or surface profile between CSP 6 and 7 in 
accordance with ICRI 03732. 

3. Concrete substrate must be dry prior to the application of any surface filler 
or coating materials. Concrete dryness shall be tested using a plastic film 
tape down test per ASTM D4263 or the calcium chloride test per ASTM 
FI869. 

4. All new concrete to be coated must have achieved a minimum of 28 days 
of cure time prior to lining application. 

5. New concrete surfaces shall not have been cured using curing 
compounds, but rather will have been wet cured. 

6. Perform pH and capillary moisture testing of concrete surfaces to be 
coated per Section 4.02. 

7. Pipe Penetrations - A ¼ IN wide by 3/8 IN deep saw cut shall be made 
around the circumference of the pipe as it penetrates the concrete. Prior to 
the coating application, the saw cut shall be dried and vacuumed to 
remove all dust and residue. 

8. Floor/Wall Joints - A ¼ IN wide by 3/8 IN deep saw cut shall be made on 
the vertical and horizontal concrete surfaces around the perimeter of the 
floor. The saw cut shall be 2 IN from the joint on both sides. Prior to the 
coating application, the saw cut shall be dried and vacuumed to remove all 
dust and residue. 
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9. Following inspection of the concrete surface preparation by the Contractor  
and acceptance by the Engineer and independent inspector, thoroughly 
vacuum clean all concrete surfaces to be coated to remove all loose dust, 
dirt, and spent abrasive leaving a dust free, sound concrete substrate.  All 
debris produced by blast cleaning shall be removed from the structures to 
be coated and disposed of at a location designated by the Owner.  Inspect 
again and if specified conditions are met, the Engineer will accept the 
substrate prior to commencement of coating installation. 

B. General Surface Preparation Requirements 

1. Used or spent blast abrasive shall not be reused on this project. 

2. The compressed air used for blast cleaning shall be filtered and shall 
contain no condensed water and no oil.  Moisture traps shall be cleaned at 
least once every four house or more frequently as required to prevent 
moisture from entering the supply air to the abrasive blasting equipment. 

3. Oil separators shall be installed just downstream of compressor discharge 
valves and at the discharge of the blast pot discharges.  These shall be 
checked on the same frequency as the moisture traps as defined in item 2 
above. 

4. Regulators, gauges, filters, and separators shall be in use on all of the 
compressor air line to blasting nozzles at all times during this work. 

5. An air dryer or desiccant filter drying unit shall be installed which dries the 
compressed air prior to blast pot connections.  This dryer shall be sued 
and maintained for the duration of all surface preparation work. 

6. The abrasive blast nozzles used shall be of the venture or other velocity 
type supplied with a minimum of 100 psig air pressure and efficient 
volume to obtain the blast cleaning production rates and 
cleanliness/specified herein. 

7. The Contractor shall provide ventilation for airborne particulate evacuation 
(meeting all pertinent safety standard) to optimize visibility for both blast 
cleaning and inspection for the substrate during surface preparation work. 

8. Ground fault interrupters shall be used on all electrical equipment used in 
the work. 

9. If between final surface preparation work and coating application, 
contamination of prepared and cleaned substrates occurs, or if the 
prepared substrates appearance darkens or changes color, re-cleaning by 
water blasting, re-blasting and abrasive blast cleaning shall be required 
until the specified degree of cleanliness is reclaimed. 
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10. The Contractor is responsible for dust control and for protection of 
mechanical, electrical, and all other equipment adjacent to and 
surrounding the work area as specified and noted on the drawings.  The 
Construction manager shall protect existing equipment and structures 
within the work area as specified. 

C. Degreasing 

1. If inspection of the substrate prior to abrasive blast cleaning indicated the 
presence of grease or oil on the concrete surfaces, degrease the surfaces 
prior to blast cleaning.  Use alkaline cleaning solution, steam cleaning or 
hot water detergents, followed by rinsing with clean, potable water, and 
until all traces of degreasing, cleaning solutions have been removed.  
Alternate degreasing materials and methods as proposed by the 
Contractor will be considered and must be approved in writing by the 
Engineer. 

D. Surface Preparation of Bare and Coated Metal Substrates Onto which 
Coating system will Terminate 

1. The approved coating system for concrete may terminate onto metal 
substrates at various embedments and penetrations. Abrasive blast clean 
all such surfaces to remove all existing coatings, paints, dirt corrosion 
products, and other substances that would prevent the specified coating 
adhesion from being achieved. All metal surfaces shall be blast cleaned to 
a Near White Blast in accordance with SSPC-SP-I0. All metal surfaces 
shall be cleaned to produce a minimum surface profile of 4.0 mils which is 
uniform. 

2. Post Blast Cleaning: Once abrasive blast cleaning has been accepted, 
proceed as follows: 

a. Remove all traces of grit, dust, dirt, rust scale, friable material, loose 
corrosion products or embedded abrasives from substrate by vacuum 
cleaning prior to coating system application. 

b. Prevent contamination of the concrete or metal surfaces after blasting 
from workers' fingerprints, deleterious substances on workers' clothing, 
or from atmospheric conditions. If, after cleaning, contamination 
occurs, re-blast and re-clean to achieve specified substrate 
cleanliness. Care must be taken to hold the specified degree of 
cleanliness on metal surfaces to prevent rust bloom prior to proceeding 
with application of the coating materials. 
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3.02 INSTALLATION OF COATING SYSTEM 

A. Unless specified elsewhere herein, strictly comply with the coating 
manufacturer's most recent written instructions for material handling, 
application and curing. 

B. Provide coating system terminations at leading edges (above or below the 
water line) and at all metallic interruptions to the concrete substrate, i.e. pipe 
supports, pipe penetrations, gates to adjacent structures, tanks, and 
channels, etc. All such coating system terminations shall be treated in 
accordance with the termination details and instructions provided by the 
coating system manufacturer and as specified herein. 

C. Repair all deep voids (greater than ½ IN) or damaged areas of the concrete 
substrates to be lined using the manufacturer's specified trowel applied repair 
materials.  Repair all voids1/2 IN deep or less using the manufacturer’s 
recommended trowel applied repair materials.  These same materials should 
be used to completely resurface all existing concrete substrates to receive the 
coating system.  The application of the surface shall provide a uniform, 
“bughole” free surface to receive the manufacturer’s recommended thickness 
of the coating system. 

D. Following the proper recoat time for the filler/surfacer materials, trowel or 
spray apply the coating material evenly over the concrete surfaces as 
recommended and instructed' by the coating system manufacturer above the 
prepared profile and above all filled air voids and bugholes in the concrete 
substrates. Where terminating the application of the coating system onto 
metal pipes and other metal surfaces, the coating material must be applied as 
instructed¿ by the coating system manufacturer. Depending upon the 
selected product, installation may require more than one application of the 
coating material. To ensure a pinhole free coating surface-and to remove 
sags or trowel marks, the wet coating shall be rolled or otherwise treated to 
leave a relatively smooth coating surface free of excessive trowel marks, sags 
or other variations in thickness. The coating material shall be forced into the 
surface profile or roughness of the substrate as recommended by the lining 
manufacturer. 

E. When the surface temperatures of the concrete substrates to be coated are 
rising or when these substrates are in direct sunlight out-gasing of air from the 
concrete will result in bubbling, pinhole formations, and/o¡ blistering in the 
lining or resurfacing materials. As such, the application of the coating or 
surfacing materials in such locations shall be postponed until the cooler 
evening hours or other measures shall be taken to prevent such rising 
substrate temperatures. Should bubbles, pinholes, or discontinuities form in 
the applied materials, they shall be repaired as recommended by the coating 
system manufacturer. 
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F. Any or all sloughs, sags, ridges, runs, or other surface irregularities are to be 
smoothed by methods and means approved by the coating system 
manufacturer prior to application of successive coats and prior to cure of the 
coating material. The completed coating shall be smooth, pinhole free, and 
free of seams or cold joints. 

G. Treatment of the coating application at expansion joints, cold joints, control 
joints, isolation joints, or cracks shall be installed in accordance with the 
drawing details or written instructions provided by the coating system 
manufacturer. 

H. The approved joint sealants shall be installed at joints and cracks in the 
concrete in conjunction with the coating material in accordance with the 
instructions and details of the coating system manufacturer and as follows. 

1. All joints to receive sealant shall be cleaned, primed, backed and caulked 
in complete accordance with the manufacturer's instructions. Existing 
caulk joints and residual caulking where new caulk joints will be applied or 
where surfaces will be left exposed in the new work shall all be removed 
by grinding or other approved means to leave surfaces acceptable to 
receive sealant or clean as approved where surfaces will be left exposed. 
Provide specified backing rods for all joints or, where authorized, 
approved bond breaker tape. 

2. Sealant shall be applied to a square section configuration. Minimum depth 
of joint shall be ¼ IN and maximum ½ IN. For joints greater than ½ IN 
wide provide sealant in a 2 to 1 width-to-depth ratio. 

3. The surfaces of all materials adjoining caulked joints shall be cleaned free 
of all smears of sealant or other soiling due to caulking operations. 

4.  Joints shall be finished to a slightly concave finish as approved. 

3.03 CURING OF PROTECTIVE COATING SYSTEM 

A. The finished coating system shall be protected from damage during curing 
and shall be cured as recommended by the coating system manufacturer. 
Ambient conditions shall be controlled during curing to ensure the minimum 
air temperature and minimum relative humidity as required by the coating 
system manufacturer. 

3.04 CLEAN-UP 

A. At the completion of the coating installation work, remove all equipment, 
surplus material, and debris from the site. The surrounding surface area, 
including roadways, and all other surfaces shall be restored to their pre-
project condition. 
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PART 4: FIELD QUALITY CONTROL INSPECTION AND TESTING 

4.01 RESPONSIBILITY FOR QUALITY 

A. The Contractor shall hire an independent, third party inspection company to 
provide quality control (Q.C.) inspections and testing on the coating work 
covered in this Section throughout the Project.  The company shall be 
experienced with this type of coating work and the qualifications shall be 
reviewed and approved by the Engineer. 

4.02 INDEPENDENT Q.C. INSPECTION FUNCTIONS 

A. The independent Q.C. inspector shall perform the procedures listed below in 
conjunction with the requirements of this Section and prepare daily inspection 
reports documenting all required Q.C. inspection and test findings. The 
inspector will inspect the work to determine conformance to the contract 
documents. 

B. The inspector shall perform the following: 

1. Inspect all materials upon receipt to ensure that all are supplied by the 
coating system manufacturer. 

2. Inspect specified storage conditions for the coating materials, solvents and 
abrasives. 

3. In accordance with ASTM D4262, test to determine the pH of the concrete 
surface after the surface has been thoroughly cleaned and washed. If the 
pH is outside the range recommended by the coating manufacturer, then 
the surface must be neutralized by removing concrete until the surface pH 
of 8 or greater is obtained prior to any coating application.  One pH test 
shall be performed every 200 square feet, or less, and at locations 
determined by the Inspector. 

4. The Inspector shall test for capillary moisture in accordance with ASTM 
D4263.  Moisture test shall be taken every 500 square feet or less and at 
locations determined by the Engineer.  If capillary moisture is present, the 
coating manufacturer shall be consulted to determine primer requirements 
and special coating application criteria. 
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5. Inspect and record substrate profile (anchor pattern) requirements using 
Testex Replica film for Metallic Substrates and visual inspection and 
comparison to ICRI 03732 CSP Replicas for concrete substrates.  Perform 
metal substrate profile measurement in accordance with ASTM D4417, 
once for every 25 sq. ft. of surface area to be coated.  Perform profile 
comparison for concrete once for every 100 sq ft of surface area to be 
coated. 

6. Measure and record ambient air temperature once every two hours of 
each shift using a thermometer and measure and substrate temperature 
once every two hours using a surface thermometer. 

7. Measure and record relative humidity every two hours of each shift using a 
sling psychrometer in accordance with ASTM E337. 

8. Check for the presence of substrate moisture in the concrete by 
performing the Standard Test method for indicating Moisture in Concrete 
by the Plastic Sheet Method in accordance with ASTM D4263.  If the 
presence of moisture is indicated, take measures to force dry the concrete 
substrate prior to commencing with coating system application.  Force 
drying can be accomplished using indirect heaters and fans.  If the source 
of substrate moisture cannot be eliminated by force drying, the 
Construction Manager shall consult with the Engineer.  Perform this test 
once every 200 sq ft of area to be coated and more frequently at darkened 
concrete areas. 

9. Confirm correct mixing of coating materials as specified herein. 

10. Inspect and record that the "pot life" of coating materials is not exceeded 
during installation. 

11. Provide and record adhesion of the coating materials in accordance with 
ASTM D4541. Testing shall be performed at one location for every 500 
square feet of surface area to be coated. Use the following procedure: 

a. Clean the coating surface to remove all oil dirt, dust or other 
contaminants. 

b. Cut through the coating material into the substrate using a circular core 
drill. 

c. Mix and apply rapid setting two component epoxy adhesive onto the 
abrasive blast cleaned disk or plug.  Install the disk or plug firmly over 
the cut out circular area and hold in place using tape or other means to 
secure it until adhesive has cured, 
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d. Remove the disk or plug with the Pull off Testing instrument, strictly 
following the instrument manufacture’s instructions. 

e. Read or calculate the adhesive tensile pull value and record in pounds 
per square inch (psi). The adhesive tensile pull value must exceed 300 
psi and must remove concrete that is attached to the underside of the 
disk or plug. If it does not, two additional adhesion tests will be 
performed in the same 500 sq. ft. area. If the requirements set forth 
above are still not met, the coating installation in this area will be 
deemed unacceptable and shall be removed and reinstalled 
immediately until acceptable adhesion is achieved (at no additional 
cost to the Owner).  All test locations are to be repaired by the 
Construction Manager to achieve a pinhole free coating directly 
following acceptable results at no additional cost to the Owner. 

12. Measure and record the thickness of the coating system using the 
following methods: 

a. Use notched gauge in accordance with ASTM D4414 for Wet Film 
Thickness at least once every 50 sq. ft. of coating area, @or metal and 
concrete substrates.) 

b. Following cure, the coating shall be tested for dry film thickness once 
for every 500 sq. ft. of surface area using a Positector 100 DFT Gauge 
calibrated in accordance with the instrument manufacturer's 
instructions. Any areas found to be below the specified DFT above 
filled bugholes and above the prepared substrate profile shall receive 
an additional application of the coating or shall be removed/recoated 
as required to meet the total DFT requirement. Additional thickness 
may be problematic in areas where mechanical moving equipment 
tolerances are critical. At such locations, coating removal and 
reapplication to the specified film thickness may be required. 

13. Verify curing of the coating in accordance with the coating system 
manufacturer's instructions. 

14. All coating surfaces shall be visually inspected for areas showing poor 
adhesion, air inclusion, edges or seam defects or any other defects in the 
coating preventing a complete seal of the surfaces to be protected. Any and 
all deficiencies or defective work (not in compliance with this Section or 
related Sections) will be marked by the inspector for repairs of 
removal/replacement by the Construction Manager at no additional cost to 
the Owner.  

15. Holiday and Pinhole Testing 
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a. Location of holidays and pinholes in the coating shall be performed in 
the field using spark testing. Upon completion of the coating 
installation, thoroughly dry and clean the surface of the liner and 
conduct visual inspection and holiday testing' All areas of the liner 
failing to meet the field test shall be repaired and retested. The spark 
testing shall be done with a Tinker & Rasor Holiday Detector (Model 
AP-W). This testing must be performed in accordance with ASTM 
D4787, using the revised procedure that follows: 

1) Grounding the Instrument--Ground the instrument in close proximity 
to the coating area to be tested. (Approximately 100 feet in any 
direction from the ground location.) Grounding will be achieved by 
attachment to a reinforcing steel bar or embed anchor or bolts, etc' 
Removal of 994gryte to expose reinforcing bars and associated 
repairs are the Construction Manager’s responsibility. Wherever 
possible removal of concrete for exposure of rebars for grounding 
connections shall not be performed on surfaces to receive the 
protective coating system. Such repairs are to be performed in 
accordance with the Section on Concrete Repair Work.  If verifiable 
by trial holiday detection as described below, grounding may also 
be achieved by installing a drilled expansion anchor bolt into the 
concrete or by fastening the spring clip for the ground cable to a 
through wall, ceiling, or floor metallic penetration, i-e., piping. In any 
grounding method, the ground cable is to be electrically connected 
to the ground metal component (rebar, bolt, etc.) using a spring 
clip. 

2) Trial Holiday Detection-Drill a l/16" diameter hole through the 
coating into the concrete 100 feet away from the ground 
connection. Follow ASTM D4787 Section 12 for adjusting the 
voltage setting for the l/8" thick lining. Generally, the setting should 
total 100 volts per mil of thickness. Adjust the voltage +/- 5% to the 
established setting and pass the electrode over the known holiday 
to ensure detection at this distance from ground and at the 
recommended voltage setting. If detected, proceed by moving the 
electrode over the coating surface slowly (approximately 1/2to1foot 
per second) and mark holiday for repair as they are detected. If the 
known holiday is not detected, proceed as follows: 

a) Check cleanliness (shiny metal clean) of ground connection and 
repeat detection of known holiday. 

b) Check battery power charge for instrument. 

c) Try a new ground location and repeat detection of known 
holiday. 
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d) Gradually increase the instrument voltage until the known 
holiday can be detected and check the coating thickness at this 
location. The rule for voltage settings is 100 volts per mil of 
coating thickness. 

e) The voltage setting should follow the rule of 100 volts per mil of 
coating thickness. 

f) Re-grounding 

(1) Re-establish a new ground connection on the 100 feet 
interval once detection of a known holiday beyond that 
distance cannot be achieved. 

g) Marking of Holidays 

(1) Holidays are to be marked on the coating using felt tipped 
pens or other markers approved by the coating system 
manufacturer. Holidays are to be repaired in strict 
accordance with the coating system manufacturer's 
recommendation. Holiday detection is to be repeated only 
over the 

 
END OF SECTION 
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SECTION 09905 

PAINTING AND PROTECTIVE COATINGS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. High performance industrial coatings (HPIC). 

2. Any other coating, thinner, accelerator, inhibitor, etc., specified or required 
as part of a complete System specified in this Specification Section. 

3. Minimum surface preparation requirements. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of 
the Contract. 

2. Division 01 - General Requirements. 

3. Section 05501 - Metal Fabrications. 

4. Section 10400 - Identification Devices. 

5. Section 11005 - Equipment:  Basic Requirements. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. D4258, Standard Practice for Surface Cleaning Concrete for Coating. 

b. D4259, Standard Practice for Abrading Concrete. 

c. D4261, Standard Practice for Surface Cleaning Concrete Unit Masonry 
for Coating. 

d. D4262, Standard Test Method for pH of Chemically Cleaned or Etched 
Concrete Surfaces. 
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e. D4263, Standard Test Method for Indicating Moisture in Concrete by 
the Plastic Sheet Method. 

f. E84, Standard Test Method for Surface Burning Characteristics of 
Building Materials. 

2. {NACE International (NACE).} 

3. National Association of Pipe Fabricators (NAPF): 

a. 500-03, Surface Preparation Standard for Ductile Iron Pipe and Fittings 
in Exposed Locations Receiving Special External Coatings and/or 
Special Internal Linings: 

1) 500-03-04, Abrasive Blast Cleaning for Ductile Iron Pipe. 

2) 500-03-05, Abrasive Blast Cleaning for Cast Ductile Iron Fittings. 

4. National Bureau of Standards (NBS): 

a. Certified Coating Thickness Calibration Standards. 

5. National Fire Protection Association (NFPA): 

a. 101, Life Safety Code. 

6. NSF International (NSF). 

7. Steel Door Institute/American National Standards Institute (SDI/ANSI): 

a. A250.10, Test Procedure and Acceptance Criteria For Prime Painted 
Steel Surfaces for Steel Doors and Frames. 

8. The Society for Protective Coatings (SSPC): 

a. PA 2, Measurement of Dry Coating Thickness with Magnetic Gages. 

b. SP 1, Solvent Cleaning. 

c. SP 2, Hand Tool Cleaning. 

d. SP 3, Power Tool Cleaning. 

e. SP 16, Brush-off Blast Cleaning of Coated and Uncoated Galvanized 
Steel, Stainless Steels, and Non-Ferrous Metals. 

9. The Society for Protective Coatings/NACE International (SSPC/NACE): 
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a. SP 5/NACE No. 1, White Metal Blast Cleaning. 

b. SP 6/NACE No. 3, Commercial Blast Cleaning. 

c. SP 7/NACE No. 4, Brush-off Blast Cleaning. 

d. SP 10/NACE No. 2, Near-White Blast Cleaning. 

e. SP 12/NACE No. 5, Surface Preparation and Cleaning of Steel and 
Other Hard Materials by High and Ultrahigh Pressure Water Jetting 
Prior to Recoating. 

f. SP 13/NACE No. 6, Surface Preparation of Concrete. 

B. Qualifications: 

1. Coating manufacturer's authorized representative shall provide written 
statement attesting that applicator has been instructed on proper 
preparation, mixing and application procedures for coatings specified. 

2. Applicators shall have minimum of 10 years experience in application of 
similar products on similar project. 

a. Provide references for minimum of three (3) different projects 
completed in last five (5) years with similar scope of work. 

b. Include name and address of project, size of project in value (painting) 
and contact person. 

C. Miscellaneous: 

1. Furnish paint through one manufacturer unless noted otherwise. 

2. Coating used in all corridors and stairways shall meet requirements of 
NFPA 101 and ASTM E84. 

D. Deviation from specified mil thickness or product type is not allowed without 
written authorization of Engineer. 

E. Material shall not be thinned unless approved, in writing, by paint 
manufacturer's authorized representative. 

1.03 DEFINITIONS 

A. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the 
product in the field at the Project site. 
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2. Installer and applicator are synonymous. 

B. Approved Factory Finish:  Finish on a product in compliance with the finish 
specified in the Specification Section where the product is specified or in 
Specification Section 11005. 

C. Corrosive Environment:  Immersion in, or not more than 6 IN above, or 
subject to condensation, spillage or splash of a corrosive material such as 
water, wastewater, or chemical solution; or exposure to corrosive, caustic or 
acidic agent, chemicals, chemical fumes, chemical mixture, or solutions with 
pH range of 5 to 9. 

D. Highly Corrosive Environment:  Immersion in, or not more than 6 IN above, or 
subject to condensation, spillage or splash of a highly corrosive material such 
as water, wastewater, or chemical solution; or exposure to highly corrosive, 
caustic or acidic agent, chemicals, chemical fumes, chemical mixture, or 
solutions with pH range below five (5) or above nine (9). 

E. Exposed Exterior Surface: 

1. Surface which is exposed to weather but not necessarily exposed to view 
as well as surface exposed to view. 

2. Exterior surfaces are considered corrosive environment. 

a. The following areas are considered highly corrosive: 

1) All chemical unloading stations and areas within 10 FT-0 IN of 
containment areas. 

2) All chemical unloading station containment areas. 

3) All areas within a 6 FT radius of chemical tank vents. 

F. Finished Area:  An area that is listed in or has finish called for on Room Finish 
Schedule or is indicated on Drawings to be painted. 

G. Immersion Surface: 

1. Any surface immersed in water or some other liquid. 

2. Surface of any pipe, valve, or any other component of the piping system 
subject to condensation including the pipe support system. 

H. Paint includes the following: 
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1. High performance industrial coatings (HPIC) include:  Epoxies, urethanes, 
vinyl ester, waterborne vinyl acrylic emulsions, acrylates, silicones, alkyds, 
acrylic emulsions and any other coating listed as a HPIC. 

I. Surface Hidden from View:  Surfaces such as those within pipe chases, 
surfaces between top side of ceilings (including drop-in tile ceilings) and 
underside of floor or roof structures above, surfaces under overhanging 
walkways if over five feet above adjacent walking surfaces 

J. AP:  Architectural paints. 

K. HPIC:  High performance industrial coatings. 

L. SC:  Special coatings. 

1.04 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01340 for requirements for the mechanics and 
administration of the submittal process. 

2. Applicator experience qualifications. 

a. No submittal information will be reviewed until Engineer has received 
and approved applicator qualifications. 

3. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's application instructions. 

c. Manufacturer's surface preparation instructions. 

d. If products being used are manufactured by Company other than listed 
{in the MATERIALS Article of this Specification Section}, provide 
complete individual data sheet comparison of proposed products with 
specified products including application procedure, coverage rates and 
verification that product is designed for intended use. 

e. Contractor's written plan of action for containing airborne particles 
created by blasting operation and location of disposal of spent 
contaminated blasting media. 

f. Coating manufacturer's recommendation on abrasive blasting. 
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g. Manufacturer's recommendation for universal barrier coat. 

h. Manufacturer's recommendation for providing temporary or 
supplemental heat or dehumidification or other environmental control 
measures. 

4. Manufacturer's statement regarding applicator instruction on product use. 

5. Certification that High Performance Coating Systems proposed for use 
have been reviewed and approved by Senior Corrosion Specification 
Specialist employed by the coating manufacturer. 

B. Samples: 

1. Manufacturer's full line of colors for Engineer's preliminary color selection. 

2. After preliminary color selection by Engineer provide two 3 x 5 IN samples 
of each final color selected. 

C. Informational Submittals: 

1. See Specification Section 01340 for requirements for the mechanics and 
administration of the submittal process. 

2. Approval of application equipment. 

3. Applicator's daily records: 

a. Submit daily records at end of each week in which painting work is 
performed unless requested otherwise by Engineer's on-site 
representative. 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Deliver in original containers, labeled as follows: 

1. Name or type number of material. 

2. Manufacturer's name and item stock number. 

3. Contents, by volume, of major constituents. 

4. Warning labels. 

5. VOC content. 
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PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, only the following 
manufacturers are acceptable: 

1. High performance industrial coatings: 

a. Tnemec. 

b. ICI Devoe. 

c. Carboline Protective Coatings. 

d. Sherwin Williams. 

e. PPG Industries/Amercoat. 

B. Submit request for substitution in accordance with Specification Section 
01640. 

1. Product VOC content will be an important factor when determining 
acceptability of substitution. 

2.02 MATERIALS 

A. For unspecified materials such as thinner, provide manufacturer's 
recommended products. 

B. Paint Systems - General: 

1. P = prime coat. 

2. F1, F2 . . . Fn = first finish coat, second finish coat . . . . nth finish coat, 
color as selected by Engineer. 

3. If two (2) finish coats of same material are required, Contractor may, at his 
option and by written approval from paint manufacturer, apply one (1) coat 
equal to mil thickness of two (2) coats specified. 

C. HPIC products listed in the MATERIALS Article, Paint Systems paragraph are 
manufactured by Tnemec. 
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1. Products of other listed manufacturers are acceptable for use providing 
the product is of the same generic resin, requires comparable surface 
preparation, has comparable application requirements, meets the same 
VOC levels or better, provides the same finish and color options and will 
withstand the atmospheric conditions of the location where it is to be 
applied. 

D. Paint Systems (Systems not shown are not used): 

1. HPIC SYSTEM #1 - Polyamidoamine Epoxy Primer with Polyamidoamine 
Epoxy or Waterborne Acrylic Polyurethane Finish Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 3 mils, Series L69 Epoxoline (Polyamidoamine Epoxy). 

b. Finish coat(s): 

1) Interior: 

a) F1 = 1 coat, 3 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

b) F2 = 1 coat, 3 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

2) Exterior: 

a) F1 = 1 coat, 3 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

b) F2 = 1 coat, 2.5 mils, Series 1080 Endura-Shield. 
W.B.(Waterborne Acrylic Polyurethane). 

2. HPIC SYSTEM #2 - Zinc-Rich Urethane Primer with Polyamidoamine 
Epoxy or Waterborne Acrylic Polyurethane Finish Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 3.5 mils, Series 90-97 Tneme-Zinc (Zinc-Rich 
Urethane). 

b. Finish coat(s): 

1) Interior: 
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a) F1 = 1 coat, 6 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

2) Exterior: 

a) F1 = 1 coat, 6 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

b) F2 = 1 coat, 2.5 mils, Series 1080 Endura-Shield 
W.B.(Waterborne Acrylic Polyurethane). 

3. HPIC SYSTEM #3 - Polyamidoamine Epoxy Primer with Polyamidoamine 
Epoxy or Waterborne Acrylic Polyurethane Top Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 5 mils, Series L69 Epoxoline (Polyamidoamine Epoxy). 

b. Finish coat(s): 

1) Interior: 

a) F1 = 1 coat, 5 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

2) Exterior: 

a) F1 = 1 coat, 2.5 mils, Series 1080 Endura-Shield W.B. 
(Waterborne Acrylic Polyurethane). 

4. HPIC SYSTEM #4 - Zinc-Rich Urethane Primer with Polyamidoamine 
Epoxy or Waterborne Acrylic Polyurethane Top Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 2.5 mils, Series 90-97 Tneme-Zinc (Zinc-Rich 
Urethane). 

b. Finish coat(s): 

1) Interior: 

a) F1 = 1 coat, 3 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

2) Exterior: 
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a) F1 = 1 coat, 2.5 mils, Series 1080 Endura-Shield W.B. 
(Waterborne Acrylic Polyurethane). 

5. HPIC SYSTEM #5 - Modified Polyamidoamine Epoxy Primer with 
Polyamidoamine Epoxy or Waterborne Acrylic Polyurethane Top Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 2.0 mils, Series 135 Chembuild (Modified 
Polyamidoamine Epoxy). 

b. Finish coat(s): 

1) Interior: 

a) F1 = 1 coat, 2.5 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

2) Exterior: 

a) F1 = 1 coat, 2.0 mils, Series 1080 Endura-Shield W.B. 
(Waterborne Acrylic Polyurethane). 

6. HPIC SYSTEM #5.1 - Cycloaliphatic Amine Epoxy Primer with Aliphatic 
Polyester Polyurethane Top Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 10 mils, Series 104 H.S. Epoxy (Amine Epoxy). 

b. Finish coat: 

1) F1 = 1 coat, 3.0 mils, Series 290 CRU (Aliphatic Polyester 
Polyurethane). 

7. HPIC SYSTEM #6 - Modified Polyamidoamine Epoxy Primer with 
Polyamidoamine Epoxy or Waterborne Acrylic Polyurethane Top Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 3 mils, Series 135 Chembuild (Modified 
Polyamidoamine Epoxy). 

b. Finish coat(s): 

1) Interior: 
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a) F1 = 1 coat, 4 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

2) Exterior: 

a) F1 = 1 coat, 3 mils, Series 1080 Endura-Shield W.B. 
(Waterborne Acrylic Polyurethane). 

8. HPIC SYSTEM #7 - Zinc-Rich Urethane Primer with Polyamidoamine 
Epoxy or Waterborne Acrylic Polyurethane Top Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 2.5 mils, Series 90-97 Tneme-Zinc (Zinc-Rich 
Urethane). 

b. Finish coat(s): 

1) Interior: 

a) F1 = 1 coat, 5 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

2) Exterior: 

a) F1 = 1 coat, 3.0 mils, Series 1080 Endura-Shield W.B. 
(Waterborne Acrylic Polyurethane). 

9. HPIC SYSTEM #8 - Air Dry Silicone Copolymer Primer with Silicone 
Copolymer Top Coat. 

a. Prime coat: 

1) P1 = 1 coat, 2.0 mils, Dampney Thurmalox 260C Series (Air Dry 
Silicone Copolymer). 

b. Finish coat: 

1) Interior or exterior: 

a) F1 = 1 coat, 2.0 mils, Dampney Thurmalox 260C Series (Air Dry 
Silicone Copolymer). 

10. HPIC SYSTEM #9 - Modified Polyamidoamine Epoxy. 

a. Prime coat: 
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1) P1 = 1 coat, 3 mils, Series 135 Chembuild (Modified 
Polyamidoamine Epoxy). 

11. HPIC SYSTEM #10 - Modified Silicone Co-Polymer Primer with Modified 
Silicone Co-Polymer Top Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 4.0 to 5.0 mils, Dampney Thurmalox 225 HD (Modified 
Silicone Co-Polymer). 

b. Finish coat(s): 

1) F1 = 1 coat, 2.5 to 3.0 mils, Dampney Thurmalox 230C. 

12. HPIC SYSTEM #11 - Zinc-Rich Aromatic Urethane Primer. 

a. Prime coat: 

1) P1 = 1 coat, 3.0 mils, 90-97 Tneme-Zinc (Zinc-Rich Urethane). 

13. HPIC SYSTEM #12 - HDP Acrylic Polymer Primer and Top Coat. 

a. Prime coat: 

1) P1 = 1 coat, 2.5 mils, Series1029 Enduratone (HDP Acrylic 
Polymer). 

b. Finish coat: 

1) Interior: 

a) F1 = 1 coat, 2.5 mils, Series1029 Enduratone (HDP Acrylic 
Polymer). 

14. HPIC SYSTEM #13 - Modified-Acrylate Elastomer Primer and Top Coat. 

a. Prime coat: 

1) P1 = 1 coat, 8 mils, Series 156 Enviro-Crete (Modified-Acrylate 
Elastomer). 

b. Finish coat: 

1) Exterior: 

a) F1 = 1 coat, 8 mils, Series 156 Enviro-Crete (Modified-Acrylate 
Elastomer). 
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15. HPIC SYSTEM #14 - Waterborne Modified Polyamine Epoxy Primer with 
Specialized Acrylate Waterborne Top Coats. 

a. Prime coat: 

1) P1 = 1 coat, 1.5 mils, Series 151 Elasto-Grip FC (Waterborne 
Modified Polyamine Epoxy). 

b. Finish coat(s): 

1) Interior: 

a) F1 = 1 coat, 6.5 to 7.5 mils, Series 158 Bio-Lastic (Specialized 
Waterborne Acrylate). 

b) F2 = 1 coat, 6.5 to 7.5 mils, Series 158 Bio-Lastic (Specialized 
Waterborne Acrylate). 

16. HPIC SYSTEM #15 - Polyamidoamine Epoxy Primer with 
Polyamidoamine Epoxy Top Coat. 

a. Prime coat: 

1) P1 = 1 coat, 4 mils, Series L69 Epoxoline (Polyamidoamine Epoxy). 

b. Finish coat: 

1) Interior: 

a) F1 = 1 coat, 6 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

b) F2 = 1 coat, 6 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

17. HPIC SYSTEM #16 - Polyamidoamine Epoxy Prime and Top Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 80 to 110 SF/GAL/coat, Series L69 Epoxoline 
(Polyamidoamine Epoxy). 

b. Finish coat(s): 

1) Interior: 

a) F1 = 1 coat, 175-200 SF/GAL/coat, Series L69 Epoxoline 
(Polyamidoamine Epoxy). 
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18. HPIC SYSTEM #17 - Acrylic Emulsion Primer with Acrylic Emulsion Top 
Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 60 to 90 SF/GAL/coat, Series 180 W.B. Tneme-Crete 
(Acrylic Emulsion). 

b. Finish coat(s): 

1) Exterior: 

a) F1 = 1 coat, 125 to 150 SF/GAL/coat, Series 180 W.B. Tneme-
Crete (Acrylic Emulsion). 

19. HPIC SYSTEM #18 - Modified Alkyd Primer with HDP Acrylic Polymer Top 
Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 2.5 mils, Series V10 Tnemec Primers (Modified Alkyd). 

b. Finish coat(s): 

1) Interior or exterior: 

a) F1 = 1 coat, 2.5 mils, Series 1029 Enduratone (HDP Acrylic 
Polymer). 

b) F2 = 1 coat, 2.5 mils, Series 1029 Enduratone (HDP Acrylic 
Polymer). 

20. HPIC SYSTEM #19 - Polyamidoamine Epoxy Coating. 

a. Prime coat: 

1) P1 = 1 coat, 5 mils, Series L69 Epoxoline (Polyamidoamine Epoxy). 

21. HPIC SYSTEM #21 - Modified Polyamidoamine Epoxy. 

a. Prime coat: 

1) P1 = 1 coat, 5 mils, 135-1243 Chembuild (Modified 
Polyamidoamine Epoxy). 

22. HPIC SYSTEM #22 - Modified Polyamine Epoxy Primer with Modified 
Polyurethane Top Coat(s). 
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a. Prime coat: 

1) P1 = 1 coat, 16 mils, Series 22 Pota-Pox 100 (Modified Polyamine 
Epoxy). 

b. Finish coat(s): 

1) Interior: 

a) F1 = 1 coat, 25 mils, Series 264 Elasto-Shield (Modified 
Polyurethane). 

b) F2 = 1 coat, 25 mils, Series 264 Elasto-Shield (Modified 
Polyurethane). 

23. HPIC SYSTEM #23 - Zinc-Rich Urethane Potable Water Approved Primer 
with Polyamine Epoxy Potable Water Approved Top Coats. 

a. Prime coat: 

1) P1 = 1 coat, 3 mils, Series 91 H20 Hydro-Zinc (Zinc-Rich Urethane). 

b. Finish coat(s): 

1) Interior: 

a) F1 = 1 coat, 25 mils, Series 22 Pota-Pox 100 (Modified 
Polyamine Epoxy). 

24. HPIC SYSTEM #24 - Vinyl Ester Primer with Vinyl Ester Top Coat. 

a. Prime coat: 

1) P1 = 1 coat, 17 mils, Series 120-5002 Vinester (Vinyl Ester). 

b. Finish coat: 

1) F1 = 1 coat, 17 mils, Series 120-5001 Vinester (Vinyl Ester). 

25. HPIC SYSTEM #27 - Waterborne Acrylic Emulsion Prime and Top Coats. 

a. Prime coat: 

1) P1 = 1 coat, 80 to 110 SF/GAL/coat, Series 180, W.B. Tneme-
Crete (Acrylic Emulsion). 

b. Finish coat: 
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1) Exterior: 

a) F1 = 1 coat, 175 to 200 SF/GAL/coat, Series 180, W.B. Tneme-
Crete (Acrylic Emulsion). 

26. HPIC SYSTEM #29 - Waterborne Epoxy-Amine Adduct Primer and Top 
Coat. 

a. Prime coat: 

1) P1 = 1 coat, 4 mils, Series 287 Enviro-Tread (Waterborne Epoxy-
Amine Adduct). 

b. Finish coat: 

1) Interior: 

a) F1 = 1 coat, 4 mils, Series 287 Enviro-Tread (Waterborne 
Epoxy-Amine Adduct). 

27. HPIC SYSTEM #31 - Polyamidoamine Epoxy Primer and Intermediate 
Coat with Waterborne Polyester Polyurethane Top Coat with Glass Beads 
mixed in for slip resistance. 

a. Prime coat: 

1) P1 = 4 mils, Series L69 Epoxoline (Polyamidoamine Epoxy). 

b. Finish coats: 

1) Exterior and interior: 

a) F1 = 4 mils, Series L69 Epoxoline (Polyamidoamine Epoxy). 

b) F2 = 3 mils minimum (thickness as required to cover glass 
beads), Series 291 CRU (Waterborne Polyester Polyurethane). 

c. Slip resistance: 

1) Blend coarse glass beads into first finish coat (F1) at rate required 
to provide a medium slip resistant texture. 

a) Refer to accepted mock-up panel. 

2) Apply second finish coat (F2) at minimum 3 mil DFT. 

a) Apply additional coats of F2 product as required to achieve the 
non-slip texture per the accepted mock-up panel. 

09905-16 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 PAINTING AND PROTECTIVE COATINGS 

d. Glass beads:  TNEMEC Product #211-212 Coarse Glass Beads. 

28. HPIC SYSTEM #32 - Waterborne Cementitious Acrylic Patching 
Compound/Filler with Polyamidoamine Epoxy Top Coat. 

a. Patching/filling coat: 

1) P/F1 = 1 coat, 60 to 80 SF/GAL/coat, Series 130 Envirofill 
(Waterborne Cementitious Acrylic). 

b. Finish coat: 

1) Interior: 

a) F1 = 1 coat, 175 to 200 SF/GAL/coat, Series L69 Epoxoline 
(Polyamidoamine Epoxy). 

b) F2 = 1 coat, 175 to 200 SF/GAL/coat, Series L69 Epoxoline 
(Polyamidoamine Epoxy). 

29. HPIC SYSTEM #33 - Waterborne Vinyl Acrylic Primer with Water-base 
Acrylic-Emulsion Top Coat. 

a. Prime coat(s): 

1) P1 = 1 coat, 2.0 mils, Series 51-792 PVA Sealer. 

b. Finish coat(s): 

1) Interior and exterior: 

a) F1 = 1 coat, 2.5 mils, Series 6 Tneme-Cryl. 

30. HPIC SYSTEM #34 - Polyamidoamine Epoxy Primer with 
Polyamidoamine Epoxy Top Coat (with silica sand broadcast for slip 
resistance). 

a. Prime coat: 

1) P1 = 1 coat, 5 mils, Series L69 Epoxoline II. 

b. Slip resistance: 

1) Blend dry, washed 30 to 50 mesh silica sand into first finish coat 
(F1) at rate required to provide a {light} {medium} {heavy} slip 
resistant finish. 

c. Finish coat: 
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1) F1 = 1 coat, 4 mils, Series L69 Epoxoline II. 

2) F2 = 1 coat, Series L69 Epoxoline II. 

a) F2 coat mil thickness is to be as required to achieve non-slip 
texture specified. 

31. HPIC SYSTEM #35 - Polyamine Novolac Epoxy Primer with Polyamine 
Novolac Epoxy Top Coat. 

a. Prime coat: 

1) P1 (horizontal surface) = 1 coat, 10 to 12 mils, Series 282 Tneme-
Glaze. 

2) P1 (vertical surface) = 1 coat, 8 to 10 mils, Series 282 Tneme-
Glaze. 

b. Finish coat: 

1) F1 (horizontal surface) = 1 coat, 10 to 12 mils, Series 282 Tneme-
Glaze. 

2) F1 (vertical surface) = 1 coat, 8 to 10 mils, Series 282 Tneme-
Glaze. 

32. HPIC SYSTEM #36 - Epoxy Modified Surfacer/Filler with Polyamine 
Novolac Epoxy Top Coats. 

a. Filler/surfacer coat: 

1) Filler = 1 coat, 0.0625 IN thick, Series 218 Mortar Clad. 

b. Prime coat: 

1) P1 (horizontal surface) = 1 coat, 10 to 12 mils, Series 282 Tneme-
Glaze. 

2) P1 (vertical surface) = 1 coat, 6 to 8 mils, Series 282 Tneme-Glaze. 

c. Finish coat: 

1) F1 (horizontal surface) = 1 coat, 10 to 12 mils, Series 282 Tneme-
Glaze. 

2) F1 (vertical surface) = 1 coat, 6 to 8 mils, Series 282 Tneme-Glaze. 
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33. HPIC SYSTEM #37 - Modified Polyamine Epoxy Primer with Modified 
Aliphatic Amine Epoxy Mortar Intermediate Coat and Modified Polyamine 
Epoxy Top Coat(s) - (Over New Concrete). 

a. Prime coat: 

1) P1 = 1 coat, 6 mils, Series 201 Epoxoprime (Modified Polyamine 
Epoxy). 

b. Intermediate coat: 

1) I1 = 1 coat, 1/8 IN or 125 mils, Series 434 Perma-Shield H2S 
(Modified Aliphatic Amine Epoxy Mortar). 

c. Finish coat: 

1) F1 = 1 coat, 20 mils, Series 435 Perma-Glaze (Modified Polyamine 
Epoxy). 

34. HPIC SYSTEM #38 - Modified Polyamine Epoxy Primer with Epoxy 
Modified Mortar Filler/Surfacer Repair Coat with Modified Aliphatic Amine 
Epoxy Mortar Intermediate Coat and Modified Polyamine Epoxy Top 
Coat(s) - (Over Existing Concrete). 

a. Prime coat - for exposed reinforcing steel (when applicable): 

1) P1 = Prime all exposed reinforcing, 1 coat, 4 mils, Series L69 
Epoxoline (Polyamidamine Epoxy). 

b. Filler/surfacer (for voids over 1/4 IN in depth): 

1) Filler/surfacer:  1 coat, thickness as required to patch damaged 
area but not to exceed manufacturer's recommended thickness, 
Series 219 Mortar Cast (Water Based Epoxy Modified Cement). 

c. Filler/surfacer (for voids up to 1/4 IN in depth): 

1) Filler/surfacer:  1 coat, thickness as required to patch damaged 
area but not to exceed 1/4 IN, Series 218 Mortar Clad (Epoxy 
Modified Mortar). 

d. Prime coat: 

1) P1 = 1 coat, 6 mils, Series 201 Epoxoprime (Modified Polyamine 
Epoxy). 

e. Intermediate coat: 
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1) I1 = 1 coat, 1/8 IN or 125 mils, Series 434 Perma-Shield H2S 
(Modified Aliphatic Amine Epoxy Mortar). 

f. Finish coat: 

1) F1 = 1 coat, 20 mils, Series 435 Perma-Glaze (Modified Polyamine 
Epoxy). 

35. AP SYSTEM #39 - Architectural Paints (AP). 

a. Cross Linked Acrylic, PPG Manor Hall "Timeless" Series. 

b. Prime coat: 

1) P1 = 1 coat, 3 mils, Interior PVA Drywall Primer. 

c. Finish coat: 

1) Interior: 

a) F1 = 1 coat, 1.5 to 2.5 mils, PPG Manor Hall "Timeless" Series, 
Pearl finish. 

b) F2 = 1 coat, 1.5 to 2.5 mils, PPG Manor Hall "Timeless" Series, 
Pearl finish as needed for complete coverage. 

36. SC SYSTEM #40 - Special Coatings (SC). 

a. Water-based coating having pigmented resin particles suspended in an 
aqueous solution. 

b. Prime coat: 

1) For new gypsum board surfaces: 

a) P1 = Zo-Cryl Sealer 92. 

2) For new concrete and concrete masonry surfaces: 

a) For unfilled concrete and concrete masonry surfaces: 

(1) Zo-Cryl Sealer 92. 

(a) P1 = 1 coat, 60-80 SF/GAL, Series 54-562 Fine Masonry 
Filler (Modified Epoxy). 

b) For filled concrete and concrete masonry surfaces. 
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(1) Zo-Prime Block Filler 96. 

(a) P2 = Z95 Primer. 

c. Finish coat: 

1) For new gypsum board surfaces: 

a) F1 = Zolatone water-based coating. 

(1) Color to be selected by Engineer. 

2) For new unfilled concrete and concrete masonry surfaces: 

a) F1 = Zolatone water-based coating. 

(1) Color to be selected by Engineer. 

3) For new filled concrete and concrete masonry surfaces: 

a) F1 = Zolatone water-based coating. 

(1) Color to be selected by Engineer. 

37. SYSTEM #41 - Touch-up of galvanized surfaces not requiring a top coat. 

a. Refer to Specification Section 05501. 

38. SYSTEM #42 - Alkyd wood stain with water-based polyurethane varnish 
top coats. 

a. Apply washcoat uniformly to wood at manufacturer's recommended 
application rate. 

b. Wood stain:  Color to be selected. 

c. First coat of water-based polyurethane varnish:  Gloss. 

d. Second coat of water-based polyurethane varnish:  Satin. 

e. Third coat of water-based polyurethane varnish:  Satin. 

39. HPIC SYSTEM #43 - Polyamidoamine Epoxy Primer with 
Polyamidoamine Epoxy Top Coat. 

a. Prime coat: 
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1) P1 = 1 coat, 2.5 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

b. Finish coat: 

1) Interior: 

a) F1 = 1 coat, 3 mils, Series L69 Epoxoline (Polyamidoamine 
Epoxy). 

40. HPIC SYSTEM #44 - Hydrophobic Aromatic Moisture-Cured Polyurethane 
Primer with Hydrophobic Aromatic Moisture-Cured Polyurethane Top 
Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 5 mils, Series 446 Perma-Shield-MCU (Hydrophobic 
Aromatic Moisture-Cured Polyurethane). 

b. Finish coat(s): 

1) F1 = 1 coat, 8 mils, Series 446 Perma-Shield-MCU. 

2) F2 = 1 coat, 8 mils, Series 446 Perma-Shield-MCU. 

41. HPIC SYSTEM #46 - Modified Aromatic Polyurethane Primer with 
Hydrophobic Aromatic Moister-Cured Polyurethane Top Coat(s). 

a. Prime coat: 

1) P1 = 1 coat, 4 mils, Series 1 Omnithane (Modified Aromatic 
Polyurethane Primer). 

b. Finish coat(s): 

1) F1 = 1 coat, 8 mils, Series 446 Perma-Shield-MCU. 

2) F2 = 1 coat, 8 mils, Series 446 Perma-Shield-MCU. 

PART 3: EXECUTION 

3.01 ITEMS TO BE PAINTED 

A. General: 

1. Paint the following surfaces in a corrosive or highly corrosive area, 
whether exposed to view or not: 
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a. Concrete and/or concrete masonry units. 

b. Conduit. 

c. Ducts. 

d. Galvanized metal surfaces. 

B. Exposed Exterior Surfaces including: 

1. Concrete surfaces in new containment areas per Section 09840. 

2. Piping, valves, fittings, and hydrants.  

3. Ductwork.  

4. Conduit, device boxes, junction boxes and covers, pull boxes and covers 
and supports when attached to a surface required to be painted or to a 
prefinished surface. 

5. Exterior and interior surfaces of ferrous metal tankage as specified in 
Division 13. 

6. Miscellaneous ferrous metal surfaces. 

7. Hollow metal doors and frames. 

8. Steel pipe bollards (not galvanized). 

9. Steel lintels. 

10. Steel components of concrete lintels (plain or galvanized). 

a. Steel components shall be completely painted (with both prime and 
finish coats) prior to installing in the wall. 

11. Exposed wood. 

12. Structural steel. 

13. Steel joists (including bridging). 

14. Copper and brass surfaces. 

15. External and internal surfaces of digester covers whether sealed from 
direct exposure of outside atmosphere or digester atmosphere or not, and 
associated equipment. 
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a. Internal surfaces include trusses and other inside surfaces. 

16. Gas appliance flue vents and cast iron pipe plumbing vents. 

C. Interior Finished Areas: 

1. Refer to Room Finish Schedule on Drawings. 

2. If room is scheduled in the Room Finish Schedule, the space is 
considered to be a finished area, therefore, paint all appurtenant surfaces 
within the space unless specifically noted not to be painted in the Contract 
Documents. 

a. If walls are not required to be painted, appurtenant concrete surfaces 
are not required to be painted unless specifically noted otherwise. 

b. Appurtenant surfaces include: 

1) Concrete columns, equipment pads, pipe supports, and equipment 
supports, underside of overhead concrete slabs which are exposed, 
semi-exposed or concealed from view but still exposed to the 
adjacent atmosphere. 

2) Piping, valves, fittings and hydrants {except when covered by pipe 
jacketing} {and supports}. 

a) All bituminous coated ductile iron pipe to have coating 
completely removed prior to painting. 

3) Miscellaneous ferrous metal surfaces. 

4) Steel lintels. 

5) Steel components of concrete lintels (plain or galvanized). 

a) Steel components shall be completely painted (with both prime 
and finish coats) prior to installing in the wall. 

D. Surfaces in Areas Not Considered Finished: 

a. Piping, valves, fittings, and hydrants . 

b. Miscellaneous ferrous metal surfaces. 

c. Steel lintels. 

d. Steel components of concrete lintels (plain or galvanized). 
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1) Steel components shall be completely painted (with both prime and 
finish coats) prior to installing in the wall. 

e. Hollow metal doors and frames and borrowed lite window frames. 

3.02 ITEMS NOT TO BE PAINTED 

A. General:  Do not paint items listed in this Article unless specifically noted in 
the Contract Documents to be painted. 

B. Items with Approved Factory Finish:  These items may require repair of 
damaged painted areas or painting of welded connections. 

C. Electrical Equipment: 

1. Do not field paint electrical equipment except where painting is specifically 
stated elsewhere in these Contract Documents, or where the equipment is 
subject to a corrosive environment and is specifically noted to be painted. 

D. Other Items: 

1. Stainless steel surfaces except: 

a. Piping where specifically noted to be painted. 

b. Banding as required to identify piping. 

2. Aluminum surfaces except: 

a. Where specifically shown in the Contract Documents. 

b. Where in contact with concrete. 

c. Where in contact with dissimilar metals. 

3. Fiberglass surfaces except: 

a. Fiberglass piping where specifically noted to be painted. 

b. Piping supports where specifically noted to be painted. 

4. Interior of pipe, ductwork, and conduits. 

5. Moving parts of mechanical and electrical units where painting would 
interfere with the operation of the unit. 

6. Code labels and equipment identification and rating plates. 
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7. Concealed surfaces of precolored masonry. 

8. Structural steel or steel deck required to be fireproofed. 

9. Clad aluminum, clad steel, anodized aluminum, PVDF coated aluminum 
and PVDF coated steel. 

10. Steel deck, unless specifically noted to be painted in these Contract 
Documents. 

11. Standing seam metal roof, fascia, trim, and roof accessories. 

12. Contact surfaces of friction-type connections. 

13. Metal soffit. 

14. Galvanized steel items, unless specifically noted to be painted. 

15. Bituminous coated ductile iron pipe. 

a. See the ITEMS TO BE PAINTED Article, Interior Finished Areas 
paragraph of this Specification Section. 

3.03 SCHEDULE OF ITEMS TO BE PAINTED AND PAINTING SYSTEMS 

A. Concrete: 

1. Interior cast-in-place and interior precast surfaces (other than prefinished 
panels):   
SYSTEM #15. 

a. Includes equipment bases, pads, walls, beams, slabs, columns, 
ceilings, pedestals, pilasters, etc. 

2. Exterior cast-in-place and exterior precast surfaces (other than 
prefinishedpanels):  SYSTEM #13. 

B. Concrete Masonry Units: 

1. Interior smooth faced standard (heavy) weight:  SYSTEM #16. 

2. Exterior smooth faced standard (heavy) weight:  SYSTEM #27. 

3. Exterior rough faced standard (heavy) weight:  SYSTEM #17. 

4. Interior face of exterior precolored standard (heavy) weight:  SYSTEM 
#16. 
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5. Interior smooth face of exterior prefaced masonry units:  SYSTEM #32. 

C. Steel: 

1. Ferrous metal surfaces immersed in wastewater:  SYSTEM #46. 

a. Includes all structural and miscellaneous steel surfaces. 

2. Structural: 

a. Immersion or non-immersion surfaces subject to highly corrosive 
environment:  SYSTEM #24. 

1) Does not include immersion in wastewater. 

b. Immersion surfaces subject to corrosive environment and not requiring 
NSF approval:  SYSTEM #2. 

1) Does not include immersion in wastewater. 

c. Immersion surfaces subject to corrosive or highly corrosive 
environment requiring NSF approval:  SYSTEM #23. 

d. Non-immersion surfaces subject to corrosive environment:  SYSTEM 
#7. 

e. All other surfaces (non-corrosive dry environment):  SYSTEM #1. 

3. Joists: 

a. Exposed:  SYSTEM #6. 

b. Above lay-in acoustical or suspended GWB ceiling:  SYSTEM #9. 

4. Potable water storage tanks and all ferrous metal items subject to contact 
with potable water requiring NSF approval:  SYSTEM #23. 

a. Includes all ferrous metal surfaces subject to splash, spillage, vapor, 
condensation or other chronic potable water exposure. 

b. Also includes ferrous metal surfaces within concrete potable water 
storage tankage requiring NSF approval. 

c. Exterior surfaces of potable water storage tanks:  SYSTEM #7. 

D. Miscellaneous ferrous metals (non-corrosive dry environment):  SYSTEM #1. 
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1. Not for coating galvanized steel, steel (hollow metal) doors, steel (hollow 
metal) door and window frames, and products with approved factory 
finishes. 

E. Ferrous metals subject to corrosive environment:  SYSTEM #2. 

1. Includes ferrous metal handrails and guardrails, piping, stairs, tank or 
equipment bridges, pumps, and similar items. 

2. Does not include items subject to contact with potable water. 

3. Does not include items subject to contact with wastewater. 

F. Ferrous metals subject to highly corrosive environment:  SYSTEM #35. 

1. Includes ferrous metal handrails and guardrails, piping, stairs, tank or 
equipment bridges, pumps and similar items. 

2. Does not include items subject to contact with potable water. 

3. Does not include items subject to contact with wastewater. 

G. Galvanized Metals: 

1. Field touch-up where top coat is required:  SYSTEM #3, prime and first 
finish coat only. 

a. Prime paint only the damaged area. 

2. Assembled galvanized steel items:  SYSTEM #3. 

3. Field touch-up of galvanized surfaces not requiring a finish top coat:  
SYSTEM #41. 

a. Paint only damaged areas. 

4. Galvanized pipe bollards:  SYSTEM #3. 

H. Steel (hollow metal) doors and frames primed in the factory in accordance 
with SDI/ANSI A250.10. 

1. For doors and frames in non-corrosive environments:  SYSTEM #5. 

2. For doors and frames in corrosive or highly corrosive environments:  
SYSTEM #5.1. 

a. Specifically including all chemical room door openings having 
fiberglass reinforced plastic doors with hollow metal frames. 
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I. Steel equipment with existing paint coating or factory-applied prime or finish 
coating not complying with this Specification Section:  SYSTEM #5. 

1. Includes equipment specifically indicated in the Contract Documents to be 
painted. 

2. Factory-applied coats to remain. 

J. Non-ferrous metals (except galvanized):  SYSTEM #3. 

1. Includes copper, brass, aluminum and aluminum flashing specifically 
indicated on the Drawings to be painted. 

K. Plastic Surfaces: 

1. PVC, FRP, and CPVC surfaces:  SYSTEM #3. 

a. Includes tankage and piping. 

L. Electrical Conduit: 

1. Galvanized:  SYSTEM #3. 

2. PVC coated:  SYSTEM #3. 

M. Pipe, Valves, and Fittings: 

1. Bare steel pipe bollards:  SYSTEM #2. 

2. Steel, cast-iron, and uncoated ductile iron not in immersion service:  
SYSTEM #2. 

3. Stainless steel:  SYSTEM #1. 

4. Brass and bronze:  SYSTEM #3. 

5. Steel aeration piping not in immersion service:  SYSTEM #8. 

N. Pipe and duct insulation:  SYSTEM #12. 

O. Aluminum buried in concrete, between dissimilar metals and dissimilar 
materials:  SYSTEM #19. 

P. Aluminum colored pipe thread touch-up, and aluminum colored finish where 
top coat is not required:  SYSTEM #21. 

1. Not for coating aluminum material. 
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Q. Field painting of fusion bonded epoxy coated piping, valves, couplings, etc.:  
SYSTEM #43. 

3.04 PREPARATION 

A. General: 

1. Verify that atmosphere in area where painting is to take place is within 
paint manufacturer's acceptable temperature, humidity and sun exposure 
limits. 

a. Provide temporary heating, shade and/or dehumidification as required 
to bring area within acceptable limits. 

1) Provide temporary dehumidification equipment properly sized to 
maintain humidity levels required by paint manufacturer. 

2) Provide clean heat with heat exchanger type equipment sufficient in 
size to maintain temperature on a 24 HR basis. 

a) Vent exhaust gases to exterior environment. 

b) No exhaust gases shall be allowed to vent into the space being 
painted or any adjacent space. 

2. Prepare surfaces to be painted in accordance with coating manufacturer's 
instructions and this Specification Section unless noted otherwise in this 
Specification Section. 

a. Where discrepancy between coating manufacturer's instructions and 
this Specification Section exists, the more stringent preparation shall 
be provided unless approved otherwise, in writing, by the Engineer. 

3. Remove all dust, grease, oil, compounds, dirt and other foreign matter 
which would prevent bonding of coating to surface. 

4. Adhere to manufacturer's recoat time surface preparation requirements. 

a. Surfaces that have exceeded coating manufacturer's published recoat 
time and/or have exhibited surface chalking shall be prepared prior to 
additional coating in accordance with manufacturer's published 
recommendations. 

1) Minimum SSPC SP 7/NACE No. 4 unless otherwise approved by 
Engineer. 

B. Protection: 
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1. Protect surrounding surfaces not to be coated. 

2. Remove and protect hardware, accessories, plates, fixtures, finished work, 
and similar items; or provide ample in-place protection. 

C. Prepare and paint before assembly all surfaces which are inaccessible after 
assembly. 

D. Wood: 

1. Sandpaper smooth, then dust. 

2. Seal all knots, pitch and resinous sapwood after priming coat has dried. 

3. Putty nail holes and minor defects to match wood color. 

E. Ferrous Metal: 

1. Prepare ductile iron pipe in accordance with pipe manufacturer's 
recommendations and NAPF. 

a. All piping, pumps, valves, fittings and any other component used in any 
water piping system that requires preparation for painting shall be 
prepared in accordance with requirements for immersion service. 

1) Pipe:  NAPF 500-03-04. 

2) Fittings:  NAPF 500-03-05 

b. Prepare all areas requiring patch painting in accordance with 
recommendations of manufacturer and NAPF. 

c. Remove bituminous coating per piping manufacturer, paint 
manufacturer and NAPF recommendations. 

1) The most stringent recommendations shall apply. 

2. Complete fabrication, welding or burning before beginning surface 
preparation. 

a. Chip or grind off flux, spatter, slag or other laminations left from 
welding. 

b. Remove mill scale. 

c. Grind smooth rough welds and other sharp projections. 
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3. Solvent clean in accordance with SSPC SP 1 or detergent and low-
pressure water clean in accordance with SSPC SP 12/NACE No. 5 all 
surfaces scheduled to receive additional SSPC surface preparation. 

4. Surfaces subject to corrosive or highly corrosive environment and all 
surfaces subject to immersion service: 

a. Near-white blast clean in accordance with SSPC SP 10/NACE No. 2. 

5. All interior and exterior structural steel not included in corrosive, highly 
corrosive or immersion service surfaces: 

a. Minimum commercial blast clean in accordance with SSPC SP 
6/NACE No. 3. 

6. Surfaces subject to high temperatures. 

a. Heat in excess of 600 DegF:  SSPC SP 10/NACE No. 2. 

b. Heat in excess of 200 DegF but less than 600 DegF:  SSPC SP 
6/NACE No. 3. 

7. Surfaces of steel joists and steel trusses: 

a. Commercial blast clean the major portion of the truss in accordance 
with SSPC SP 6/NACE No. 3. 

b. Power tool or hand tool clean tight connection areas and other difficult 
to access areas in accordance with SSPC SP 2 or SSPC SP 3. 

8. Steel surfaces scheduled to receive SYSTEM #24 or #35: 

a. White metal blast clean in accordance with SSPC SP 5/NACE No. 1. 

b. Provide 2-1/2 to 3 mil anchor profile for SYSTEMS #24 and #35. 

9. All fusion bonded epoxy coated surfaces identified to be field painted: 

a. Remove all traces of gloss finish by sanding or by abrasive brush 
blasting. 

b. Clean surface after removing gloss finish to remove sanding or blasting 
residue. 

10. Restore surface of field welds and adjacent areas to original surface 
preparation. 
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11. Black iron piping:  Remove surface varnish by solvent or waterjet and 
detergent cleaning or brush-off blast cleaning in accordance with SSPC 
SP 7/NACE No. 4. 

F. Hollow Metal: 

1. Clean in accordance with SSPC SP 1 or SSPC SP 12/NACE No. 5 and in 
accordance with hollow metal manufacturer. 

G. Galvanized Steel and Non-ferrous Metals: 

1. Solvent clean in accordance with SSPC SP 1 followed by brush-off blast 
clean in accordance with SSPC SP 16 to remove zinc oxide and other 
foreign contaminants. 

a. Provide uniform 1 mil profile surface. 

H. Abrasive blast clean the following equipment or surfaces regardless of 
previous finish, if any. 

I. Gypsum Wallboard: 

1. Repair minor irregularities left by finishers. 

2. Avoid raising nap of paper face on gypsum wallboard. 

3. Verify moisture content is less than 8 percent before painting. 

J. Concrete: 

1. Cure for minimum of 28 days. 

2. Verify that concrete surfaces have been cleaned and that voids have been 
patched in accordance with Specification Section Division 3.  

a. Concrete surfaces shall be cleaned in accordance with ASTM D4258. 

3. Mechanically abrade concrete surfaces in accordance with ASTM D4259 
as recommended by coating manufacturer. 

4. Abrasive blast concrete surfaces in accordance with SSPC SP 13/NACE 
No. 6 to provide profile recommended by coatings manufacturer. 

5. Test pH of surface to be painted in accordance with ASTM D4262. 

a. If surface pH is not within coating manufacturer's required acceptable 
range, use methods acceptable to coating manufacturer as required to 
bring pH within acceptable range. 
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b. Retest pH until acceptable results are obtained. 

6. Verify that moisture content of surface to be painted is within coating 
manufacturer's recommended acceptable limits. 

a. Test moisture content of surface to be coated in accordance with 
ASTM D4263. 

b. After remedial measures have been taken to lower or raise moisture 
content, retest surface until acceptable results are obtained. 

K. Concrete Unit Masonry: 

1. Cure for minimum of 28 days. 

2. Remove all mortar spatters and protrusions. 

3. Verify that concrete unit masonry surfaces have been cleaned in 
accordance with ASTM D4261. 

4. Test pH of surface to be painted in accordance with ASTM D4262. 

a. If surface pH is not within coating manufacturer's required acceptable 
range, use methods acceptable to coating manufacturer as required to 
bring pH within acceptable limits. 

b. Retest pH until acceptable results are obtained. 

5. Verify that moisture content of surface to be painted is within coating 
manufacturer's recommended acceptable limits. 

a. Test moisture content of surface to be coated in accordance with 
ASTM D4263. 

b. After remedial measures have been taken to lower or raise moisture 
content, retest surface until acceptable range is obtained. 

L. Preparation by Abrasive Blasting: 

1. All abrasive-blasted ferrous metal surfaces shall be inspected {and 
approved in writing by NACE certified coatings inspector} immediately 
prior to application of paint coatings. 

a. Inspection shall be performed to determine cleanliness and profile 
depth of blasted surfaces and to certify that surface has been prepared 
in accordance with these Specifications. 
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2. Schedule the abrasive blasting operation so blasted surfaces will not be 
wet after blasting and before painting. 

3. Perform additional blasting and cleaning as required to achieve surface 
preparation required. 

a. Prior to painting, reblast surfaces allowed to set overnight and surfaces 
that show rust bloom. 

b. Surfaces allowed to set overnight or surfaces which show rust bloom 
prior to painting shall be reinspected {and approved by NACE certified 
coatings inspector} prior to paint application. 

4. Profile depth of blasted surface:  Not less than 1 mil or greater than 2 mils 
unless required otherwise by coating manufacturer. 

5. Provide compressed air for blasting that is free of water and oil. 

a. Provide accessible separators and traps. 

6. Confine blast abrasives to area being blasted. 

a. Provide shields of polyethylene sheeting or other such barriers to 
confine blast material. 

b. Plug pipes, holes, or openings before blasting and keep plugged until 
blast operation is complete and residue is removed. 

7. Protect nameplates, valve stems, rotating equipment, motors and other 
items that may be damaged from blasting. 

8. Reblast surfaces not meeting requirements of these Specifications. 

9. Abrasive blasting media may be recovered, cleaned and reused providing 
Contractor submits, for Engineer's review, a comprehensive recovery plan 
outlining all procedures and equipment proposed in reclamation process. 

10. Properly dispose of blasting material contaminated with debris from 
blasting operation not scheduled to be reused. 

M. All Plastic Surfaces and Non-Ferrous Surfaces Except Galvanized Steel: 

1. Sand using 80-100 grit sandpaper to scarify surfaces. 

3.05 APPLICATION 

A. General: 
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1. Thin, mix and apply coatings by brush, roller, or spray in accordance with 
manufacturer's installation instructions. 

a. Application equipment must be inspected and approved in writing by 
coating manufacturer. 

b. Hollow metal shall be spray applied only. 

2. Temperature and weather conditions: 

a. Do not paint surfaces when surface temperature is below 50 DegF 
unless product has been formulated specifically for low temperature 
application and application is approved in writing by Engineer and paint 
manufacturer's authorized representative. 

b. Avoid painting surfaces exposed to hot sun. 

c. Do not paint on damp surfaces. 

3. Immediately after surface has been inspected and accepted by NACE 
certified coatings inspector, apply structural steel and miscellaneous steel 
and steel joist and steel truss prime coat in the factory. 

a. Finish coats shall be applied in the factory. 

b. Prime coat referred to here is prime coat as indicated in this 
Specification. 

1) Structural steel and miscellaneous steel and steel joist and steel 
truss prime coating applied in factory (shop) as part of Fabricator's 
standard rust inhibiting and protection coating is not acceptable as 
replacement for specified prime coating. 

4. Provide complete coverage to mil thickness specified. 

a. Thickness specified is dry mil thickness. 

b. All paint systems are "to cover." 

1) In situations of discrepancy between manufacturer's square footage 
coverage rates and mil thickness, mil thickness requirements 
govern. 

c. When color or undercoats show through, apply additional coats until 
paint film is of uniform finish and color. 
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5. If so directed by Engineer, do not apply consecutive coats until Engineer 
has had an opportunity to observe and approve previous coats. 

6. Apply materials under adequate illumination. 

7. Evenly spread to provide full, smooth coverage. 

8. Work each application of material into corners, crevices, joints, and other 
difficult to work areas. 

9. Avoid degradation and contamination of blasted surfaces and avoid 
intercoat contamination. 

a. Clean contaminated surfaces before applying next coat. 

10. Smooth out runs or sags immediately, or remove and recoat entire 
surface. 

11. Allow preceding coats to dry before recoating. 

a. Recoat within time limits specified by coating manufacturer. 

b. If recoat time limits have expired re-prepare surface in accordance with 
coating manufacturer's printed recommendations. 

12. Allow coated surfaces to cure prior to allowing traffic or other work to 
proceed. 

13. Coat all aluminum in contact with dissimilar materials. 

14. When coating rough surfaces which cannot be backrolled sufficiently, 
hand brush coating to work into all recesses. 

15. Backroll concrete and masonry surfaces with a roller if paint coatings are 
spray applied. 

B. Prime Coat Application: 

1. Prime all surfaces indicated to be painted. 

a. Apply prime coat in accordance with coating manufacturer's written 
instructions and as written in this Specification Section. 

2. Ensure field-applied coatings are compatible with factory-applied coatings. 

a. Ensure new coatings applied over existing coatings are compatible. 
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b. Employ services of coating manufacturer's qualified technical 
representative. 

1) Certify through material data sheets. 

2) Perform test patch. 

c. If field-applied coating is found to be not compatible, require the 
coating manufacturer's technical representative to recommend, in 
writing, product to be used as barrier coat, thickness to be applied, 
surface preparation and method of application. 

d. At Contractor's option, coatings may be removed, surface re-prepared, 
and new coating applied using appropriate paint system listed in the 
MATERIALS Article, Paint Systems paragraph of this Specification 
Section. 

1) All damage to surface as result of coating removal shall be repaired 
to original condition or better by Contractor at no additional cost to 
Owner. 

3. Prime ferrous metals embedded in concrete to minimum of 1 IN below 
exposed surfaces. 

4. Back prime all wood scheduled to be painted, prior to installation. 

5. After application of primer to gypsum board surfaces, inspect surface and 
repair in accordance with the PREPARATION Article of this Specification 
Section. 

a. Re-prime repaired surfaces to uniform finish before application of finish 
coat(s). 

6. Apply zinc-rich primers while under continuous agitation. 

7. Ensure abrasive blasting operation does not result in embedment of 
abrasive particles in paint film. 

8. Brush or spray bolts, welds, edges and difficult access areas with primer 
prior to primer application over entire surface. 

9. Touch up damaged primer coats prior to applying finish coats. 

a. Restore primed surface equal to surface before damage. 
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10. All surfaces of steel lintels and steel components of concrete lintels used 
in wall construction shall be completely painted with both prime and finish 
coats prior to placing in wall. 

C. Finish Coat Application: 

1. Apply finish coats in accordance with coating manufacturer's written 
instructions and in accordance with this Specification Section; 
manufacturer instructions take precedent over these Specifications. 

2. Touch up damaged finish coats using same application method and same 
material specified for finish coat. 

a. Prepare damaged area in accordance with the PREPARATION Article 
of this Specification Section. 

3.06 COLOR CODING 

A. Color and band piping in accordance with TQEQ requirements and existing 
plant color scheme.  

1. Band piping using maximum of three (3) different colors at 20 FT 
maximum centers. 

2. Factory painted piping shall be color banded in the factory per the 
Schedule in the SCHEDULE Article of this Specification Section. 

3. Place bands: 

a. Along continuous lines. 

b. At changes in direction. 

c. At changes of elevation. 

d. On both sides of an obstruction (e.g., wall, ceiling) that painted item 
passes through. 

4. Band width for individual colors (pipe diameter measured to outside of 
insulation, if applicable): 

a. Piping up to 8 IN DIA:  2 IN minimum. 

b. Piping greater than 8 IN up to 24 IN DIA:  4 IN minimum. 

c. Piping greater than 24 IN up to 48 IN DIA:  6 IN minimum. 

d. Piping greater than 48 IN DIA:  8 IN minimum. 
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3.07 FIELD QUALITY CONTROL 

A. Contractor to provide protection for surfaces painted with epoxy coatings to 
prevent chalking. 

1. Surfaces showing chalking will not be accepted regardless of condition of 
paint film. 

B. Maintain Daily Records: 

1. Record the following information during application of each coat of paint 
applied: 

a. Date, starting time, end time, and all breaks taken by painters. 

b. For exterior painting: 

1) Sky condition. 

2) Wind speed and direction. 

c. Air temperature. 

d. Relative humidity. 

e. Moisture content and surface temperature of substrate prior to each 
coat. 

f. Provisions utilized to maintain work area within manufacturer's 
recommended application parameters including temporary heating, 
ventilation, cooling, dehumidification and provisions utilized to mitigate 
wind blown dust and debris from contaminating the wet paint film. 

g. Record environmental conditions, substrate moisture content and 
surface temperature information not less than once every four (4) 
hours during application. 

1) Record hourly when temperatures are below 50 DegF or above 100 
DegF. 

2. Record the following information daily for the paint manufacturer's 
recommended curing period: 

a. Date and start time of cure period for each item or area. 

b. For exterior painting: 

1) Sky conditions. 
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2) Wind speed and direction. 

c. Record environmental conditions not less than once every 12 hours. 

1) Record once every four (4) hours when ambient temperature is 
below 35 DegF. 

d. Provisions utilized to protect each item or area and to maintain areas 
within manufacturer's recommended curing parameters. 

3. Format for daily record to be computer generated. 

C. Measure wet coating with wet film thickness gages. 

D. Measure coating dry film thickness in accordance with SSPC PA 2 using 
Mikrotest gage calibrated against NBS "Certified Coating Thickness 
Calibration Standards." 

1. Engineer may measure coating thickness at any time during project to 
assure conformance with these Specifications. 

E. Measure surface temperature of items to be painted with surface temperature 
gage specifically designed for such. 

F. Measure substrate humidity with humidity gage specifically designed for such. 

G. Provide wet paint signs. 

3.08 CLEANING 

A. Clean paint spattered surfaces. 

1. Use care not to damage finished surfaces. 

B. Upon completion of painting, replace hardware, accessories, plates, fixtures, 
and similar items. 

C. Remove surplus materials, scaffolding, and debris. 

END OF SECTION 
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SECTION 10400 

IDENTIFICATION DEVICES 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Tag, tape and stenciling systems for equipment, piping, valves, pumps, 
ductwork and similar items, and hazard and safety signs. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 - General Requirements. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Society of Mechanical Engineers (ASME): 

a. A13.1, Scheme for the Identification of Piping Systems. 

2. Instrumentation, Systems, and Automation Society (ISA). 

3. National Electrical Manufacturers Association/American National 
Standards Institute (NEMA/ANSI): 

a. Z535.1, Safety Color Code. 

b. Z535.2, Environmental and Facility Safety Signs. 

c. Z535.3, Criteria for Safety Symbols. 

d. Z535.4, Product Safety Signs and Labels.  

4. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC). 

5. Occupational Safety and Health Administration (OSHA): 
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a. 29 CFR 1910.145, Specification for Accident Prevention Signs and 
Tags. 

1.03 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01340 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Catalog information for all identification systems. 

b. Acknowledgement that products submitted meet requirements of 
standards referenced. 

3. Identification register, listing all items in PART 3 of this Specification 
Section to be identified, type of identification system to be used, lettering, 
location and color. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. W.H. Brady Co. 

2. Panduit. 

3. Seton. 

4. National Band and Tag Co. 

5. Carlton Industries, Inc. 

B. Submit request for substitution in accordance with Specification Section 
01630. 

2.02 MANUFACTURED UNITS 

A. Type A1 - Round Metal Tags: 

1. Materials: 
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a. Aluminum or stainless steel. 

b. Stainless steel shall be used in corrosive environments. 

2. Size:  

a. Diameter:  1-1/2 IN minimum. 

b. Thickness:  0.035 IN (20 GA) minimum. 

3. Fabrication: 

a. 3/16 IN minimum mounting hole. 

b. Legend:  Stamped and filled with black coloring. 

4. Color:  Natural. 

B. Type A2 - Rectangle Metal Tags: 

1. Materials:  Stainless steel. 

2. Size: 

a. 3-1/2 IN x 1-1/2 IN minimum. 

b. Thickness:  0.036 IN (20 GA) minimum. 

3. Fabrication: 

a. 3/16 IN minimum mounting hole. 

b. Legend:  Stamped and filled with black coloring. 

4. Color:  Natural. 

C. Type A3 - Metal Tape Tags: 

1. Materials:  Aluminum or stainless steel. 

2. Size: 

a. Width 1/2 IN minimum. 

b. Length as required by text. 

3. Fabrication: 

a. 3/16 IN minimum mounting hole. 
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b. Legend:  Embossed. 

4. Color:  Natural. 

D. Type B1- Square Non-Metallic Tags: 

1. Materials:  Fiberglass reinforced plastic. 

2. Size: 

a. Surface:  2 x 2 IN minimum. 

b. Thickness:  100 mils. 

3. Fabrication: 

a. 3/16 IN mounting hole with metal eyelet. 

b. Legend:  Preprinted and permanently embedded and fade resistant. 

4. Color: 

a. Background:  Manufacturer standard or as specified. 

b. Lettering:  Black. 

E. Type B2 - Non-Metallic Signs: 

1. Materials:  Fiberglass reinforced or durable plastic. 

2. Size: 

a. Surface:  As required by text. 

b. Thickness:  60 mils minimum. 

3. Fabrication: 

a. Rounded corners. 

b. Drilled holes in corners with grommets. 

c. Legend:  Preprinted, permanently embedded and fade resistant for a 
10 year minimum outdoor durability. 

4. Color: 

a. Background:  Manufacturer standard or as specified. 
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b. Lettering:  Black. 

5. Standards for OSHA signs:  NEMA/ANSI Z535.1, NEMA/ANSI Z535.2, 
NEMA/ANSI Z535.3, NEMA/ANSI Z535.4, OSHA 29 CFR 1910.145. 

F. Type C - Phenolic Name Plates: 

1. Materials:  Phenolic. 

2. Size: 

a. Surface:  As required by text. 

b. Thickness:  1/16 IN. 

3. Fabrication: 

a. Two (2) layers laminated. 

b. Legend:  Engraved through top lamination into bottom lamination. 

c. Two (2) drilled side holes, for screw mounting. 

4. Color:  Black top surface, white core, unless otherwise indicated. 

G. Type D - Self-Adhesive Tape Tags and Signs: 

1. Materials:  Vinyl tape or vinyl cloth. 

2. Size: 

a. Surface:  As required by text. 

b. Thickness:  5 mils minimum. 

3. Fabrication: 

a. Indoor/Outdoor grade. 

b. Weather and UV resistant inks. 

c. Permanent adhesive. 

d. Legend:  Preprinted. 

e. Wire markers to be self-laminating. 

4. Color:  White with black lettering or as specified. 
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5. Standards for OSHA signs:  NEMA/ANSI Z535.1, NEMA/ANSI Z535.2, 
NEMA/ANSI Z535.3, NEMA/ANSI Z535.4, OSHA 29 CFR 1910.145. 

H. Type E - Heat Shrinkable Tape Tags: 

1. Materials:  Polyolefin. 

2. Size:  As required by text. 

3. Fabrication: 

a. Legend:  Preprinted. 

4. Color:  White background, black printing. 

I. Type F - Underground Warning Tape: 

1. Materials:  Polyethylene. 

2. Size: 

a. 6 IN wide (minimum). 

b. Thickness:  3.5 mils. 

3. Fabrication: 

a. Legend:  Preprinted and permanently imbedded. 

b. Message continuous printed. 

c. Tensile strength:  1750 psi. 

4. Color:  As specified. 

J. Type G - Stenciling System: 

1. Materials: 

a. Exterior type stenciling enamel. 

b. Either brushing grade or pressurized spray can form and grade. 

2. Size:  As required. 

3. Fabrication: 

a. Legend:  As required. 
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4. Color:  Black or white for best contrast. 

K. Underground Tracer Wire: 

1. Materials: 

a. Wire: 

1) 12 GA AWG. 

2) Solid. 

b. Wire nuts:  Waterproof type. 

c. Split bolts:  Brass. 

2.03 ACCESSORIES 

A. Fasteners: 

1. Bead chain:  #6 brass, aluminum or stainless steel. 

2. Plastic strap:  Nylon, urethane or polypropylene. 

3. Screws:  Self-tapping, stainless steel. 

4. Adhesive, solvent activated. 

2.04 MAINTENANCE MATERIALS 

A. Where stenciled markers are provided, clean and retain stencils after 
completion and include in extra stock, along with required stock of paints and 
applicators. 

PART 3: EXECUTION 

3.01 GENERAL INSTALLATION 

A. Install identification devices at specified locations. 

B. All identification devices to be printed by mechanical process, hand printing is 
not acceptable. 

C. Attach tags to equipment with sufficient surface or body area with solvent 
activated adhesive applied to back of each tag. 
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D. Attach tags with 1/8 IN round or flat head screws to equipment without 
sufficient surface or body area, or porous surfaces. 

1. Where attachment with screws should not or cannot penetrate substrate, 
attach with plastic strap. 

E. Single items of equipment enclosed in a housing or compartment to be 
tagged on outside of housing. 

1. Several items of equipment mounted in housing to be individually tagged 
inside the compartment. 

F. Tracer Wire: 

1. Attach to pipe at a maximum of 10 FT intervals with tape or tie-wraps. 

2. Continuous pass from each valve box and above grade at each structure. 

3. Coil enough wire at each valve box to extend wire a foot above the ground 
surface. 

4. 1,000 FT maximum spacing between valve boxes. 

5. If split bolts are used for splicing, wrap with electrical tape. 

6. If wire nuts are used for splicing, knot wire at each splice point leaving 6 
IN of wire for splicing. 

7. Use continuous strand of wire between valve box where possible. 

a. Continuous length shall be no shorter than 100 FT. 

3.02 SCHEDULES 

A. Process Systems: 

1. General: 

a. Provide arrows and markers on piping. 

1) At 20 FT maximum centers along continuous lines. 

2) At changes in direction (route) or obstructions. 

3) At valves, risers, "T" joints, machinery or equipment. 

4) Where pipes pass through floors, walls, ceilings, cladding 
assemblies and like obstructions provide markers on both sides. 
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b. Position markers on both sides of pipe with arrow markers pointing in 
flow direction. 

1) If flow is in both directions use double headed arrow markers. 

c. Apply tapes and stenciling in uniform manner parallel to piping. 

2. Trenches with piping: 

a. Tag type:  Type F - Underground Warning Tape 

b. Location:  Halfway between top of piping and finished grade. 

c. Letter height:  1-1/4 IN minimum. 

d. Natural gas or digester gas: 

1) Color:  Yellow with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION” 

b) Second line:  “BURIED GAS LINE BELOW” 

e. Potable water: 

1) Color:  Blue with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION” 

b) Second line:  “BURIED WATER LINE BELOW” 

f. Storm and sanitary sewer lines: 

1) Color:  Green with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION” 

b) Second line:  “BURIED SEWER LINE BELOW” 

g. (Nonpotable) water piping, except 3 IN and smaller irrigation pipe: 

1) Color:  Green with black letters. 
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2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION” 

b) Second line:  “BURIED NONPOTABLE WATER LINE BELOW” 

h. Chemical feed piping (e.g., chlorine solution, polymer solution, caustic 
solution, etc.): 

1) Color:  Yellow with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION” 

b) Second line:  “BURIED CHEMICAL LINE BELOW” 

i. Other piping (e.g., compressed air, irrigation, refrigerant, heating water, 
etc.): 

1) Color:  Yellow with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION” 

b) Second line:  “BURIED PIPE LINE BELOW” 

3. Yard valves, buried, with valve box and concrete pad: 

a. Tag type:  Type A2 - Rectangle Metal Tags. 

b. Fastener:  3/16 IN x 7/8 IN plastic screw anchor with 1 IN #6 stainless 
steel pan head screw. 

c. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Valve designation as indicated on the Drawings (e.g., “V-xxx”). 

4. Valves and slide gates: 

a. Tag type: 

1) Outdoor locations:  Type B1 - Square Non-Metallic Tags. 

2) Indoor non-corrosive: 
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a) Type A1 - Round Metal Tags. 

b) Type B1 - Square Non-Metallic Tags. 

3) Indoor corrosive: 

a) Stainless steel Type A1 - Round Metal Tags. 

b) Type B1 - Square Non-Metallic Tags. 

b. Fastener: 

1) Type A1:  Chain of the same material. 

2) Type B1:  Stainless steel chain. 

c. Color:  Per ASME A13.1 corresponding to the piping system. 

d. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Valve designation as indicated on the Drawings (e.g., “V-xxx”). 

5. Process equipment (e.g., pumps, pump motors, blowers, air compressors, 
bar screens, clarifier drive mechanism, etc.): 

a. Tag type: 

1) Type B2 - Non-Metallic Signs. 

2) Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener: 

1) Self. 

2) Screws. 

3) Adhesive. 

c. Legend: 

1) Letter height:  1/2 IN minimum. 

2) Equipment designation as indicated on the Drawings (e.g., “Primary 
Sludge Pump P-xxx”). 
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6. Piping systems: 

a. Tag type: 

1) Outdoor locations: Type D - Self-Adhesive Tape Tags and Signs. 

2) Indoor locations: Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener:  Self. 

c. Color:  Per ASME A13.1. 

d. Legend: 

1) Letter height:  Manufacturers standard for the pipe diameter. 

2) Mark piping in accordance with ASME A13.1. 

3) Use piping designation as indicated on the Drawings. 

4) Arrow:  Single arrow. 

7. Process tanks (over 1000 GAL) and basins, (e.g., chemical storage, 
clarifiers, trickling filters, digesters, etc): 

a. Tag type: 

1) Type B2 - Non-Metallic Signs. 

b. Fastener: 

1) Screw. 

2) Self. 

c. Location as directed by Owner. 

d. Legend: 

1) Letter height:  4 IN minimum. 

2) Equipment designation as indicated on the Drawings (e.g., “Clarifier 
CL-xxx”). 

8. Tanks (less than 1000 GAL) (e.g., break tanks, chemical tanks, hydro-
pneumatic tanks, air receivers, etc.): 

a. Tag type: 
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1) Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  2 IN minimum. 

2) Equipment designation as indicated on the Drawings (e.g., 
“Polymer Storage Tank Txxx”) 

9. Equipment that starts automatically: 

a. Tag type: 

1) Type B2 - Non-Metallic Signs. 

2) Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener: 

1) Type B2 - Screw or adhesive. 

2) Type D - Self. 

c. Size:  5 IN x 7 IN 

d. Location:  {Equipment name}. 

e. Legend: 

1) OSHA Warning Sign. 

2) Description of Warning:  “THIS MACHINE STARTS 
AUTOMATICALLY”. 

B. Instrumentation Systems: 

1. Instrumentation Equipment (e.g., flow control valves, primary elements, 
etc.): 

a. Tag type: 

1) Outdoor locations:  Type B1 - Square Non-Metallic Tags. 

2) Indoor non-corrosive: 

a) Type A1 - Round Metal Tags. 
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b) Type B1 - Square Non-Metallic Tags. 

3) Indoor corrosive: 

a) Stainless steel Type A1 - Round Metal Tags. 

b) Type B1 - Square Non-Metallic Tags. 

b. Fastener: 

1) Type A1:  Chain of the same material. 

2) Type B1:  Stainless steel chain. 

c. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Equipment ISA designation as indicated on the Drawings (e.g., 
“FIT-xxx”). 

2. Enclosure for instrumentation and control equipment, (e.g., PLC control 
panels, etc.): 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1/2 IN minimum. 

2) Equipment name (e.g., "PLC CONTROL PANEL PCP-xxx"). 

3. Components inside equipment enclosure, (e.g., PLC’s, control relays, 
contactors, and timers): 

a. Tag type:  Type D - Self-Adhesive Tape Tags. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  3/16 IN minimum. 

2) Description or function of component (e.g., "PLC-xxx” or “CR-xxx"). 
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4. Through enclosure door mounted components (e.g., selector switches, 
controller digital displays, etc.): 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Component ISA tag number as indicated on the Drawings (e.g., 
“HS-xxx”). 

C. HVAC Systems: 

1. General: 

a. Provide arrows and markers on ducts. 

1) At 20 FT maximum centers along continuous lines. 

2) At changes in direction (route) or obstructions. 

3) At dampers, risers, branches, machinery or equipment. 

4) Where ducts pass through floors, walls, ceilings, cladding 
assemblies and like obstructions provide markers on both sides. 

b. Position markers on both sides of duct with arrow markers pointing in 
flow direction. 

1) If flow is in both directions use double headed arrow markers. 

c. Apply tapes and stenciling in uniform manner parallel to ducts. 

2. HVAC Equipment (e.g., unit heaters, exhaust fans, air handlers, etc.): 

a. Tag type: 

1) Type B2 - Non-Metallic Signs. 

2) Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

10400-15 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

IDENTIFICATION DEVICES  WBS No. S-000056-0071-4 

1) Letter height:  1 IN minimum. 

2) Equipment designation as indicated on the Drawings (e.g., "EF-
xxx"). 

3. Ductwork: 

a. Tag type: 

1) Type D - Self-Adhesive Tape Tags and Signs. 

2) Type G - Stenciling System. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  1 IN minimum. 

2) Description of ductwork, (e.g., “AIR SUPPLY”). 

3) Arrows:  Single arrow. 

4. Enclosure for instrumentation and control equipment, (e.g., fan control 
panels, etc.): 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1/2 IN minimum. 

2) Equipment designation as indicated on the Drawings (e.g., "FAN 
CONTROL PANEL FCP-xxx"). 

5. Wall mounted thermostats: 

a. Tag type:  Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  3/16 IN minimum. 

2) Description of equipment controlled (e.g., "UH-xxx" or AHU-xxx"). 
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6. Components inside equipment enclosure, (e.g., controller’s, control relays, 
contactors, and timers): 

a. Tag type:  Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  3/16 IN minimum. 

2) Description or function of component (e.g., "CR-xxx"). 

7. Through enclosure door mounted equipment (e.g., selector switches, 
controller digital displays, etc.): 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Component tag number as indicated on the Drawings or as defined 
by contractor  (e.g., “HS-xxx”). 

D. Electrical Systems: 

1. Trenches with ductbanks, direct-buried conduit, or direct-buried wire and 
cable. 

a. Tag type:  Type F - Underground Warning Tape. 

b. Letter height:  1-1/4 IN minimum. 

c. Location: 

1) Where trench is 12 IN or more below finished grade:  In trench 6 IN 
below finished grade. 

2) Where trench is less than 12 IN below finished grade:  In trench 3 
IN below finished grade. 

d. Electrical power (e.g., low and medium voltage): 

1) Color:  Red with black letters. 
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2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION”. 

b) Second line:  “BURIED ELECTRIC LINE BELOW”. 

e. Communications (e.g., telephone, instrumentation, LAN, SCADA): 

1) Color:  Orange with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION”. 

b) Second line:  “BURIED COMMUNICATION LINE BELOW”. 

2. Switchgear, switchboards and motor control centers: 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Main equipment legend: 

1) Letter height: 

a) First line:  1 IN minimum. 

b) Subsequent lines:  3/8 IN minimum. 

2) First line:  Equipment name (e.g., "MAIN SWITCHBOARD 
MSBxxx"). 

3) Second line: 

a) Source of power (e.g., "FED FROM MCCxxx LOCATED IN 
ROOM xxx"). 

b) The source of power room number is only required when there 
are multiple electrical rooms, if the source is in another building, 
the building name or number shall be used. 

4) Third line:  System voltage and phase (e.g., “480/277 V, 3PH”). 

d. Main and feeder device legend: 

1) Letter height:  3/8 IN minimum. 
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2) Description of load (e.g., “MAIN DISCONNECT”, "PUMP Pxxx" or 
"PANELBOARD HPxxx"). 

3. Panelboards and transformers: 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height: 

a) First line:  3/8 IN minimum. 

b) Subsequent lines:  3/16 IN minimum. 

2) First line:  Equipment name (e.g., "PANELBOARD LPxxx" or 
"TRANSFORMER Txxx").  

3) Second line (panelboards only):  System voltage and phase (e.g., 
“208/120V, 3PH”). 

4. Transfer switches: 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height: 

a) First line:  3/8 IN minimum. 

b) Subsequent lines:  3/16 IN minimum. 

2) First line:  Equipment name (e.g., "AUTOMATIC TRANSFER 
SWITCH ATSxxx"). 

5. Safety switches, separately mounted circuit breakers and motor starters, 
VFD’s, etc.: 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 
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1) Letter height:  1/4 IN minimum. 

2) First line:  Description of load equipment is connected to (e.g., 
"PUMP Pxxx"). 

6. Enclosure for instrumentation and control equipment, (e.g., lighting control 
panels, etc.): 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1/2 IN minimum. 

2) Equipment name (e.g., "LIGHTING CONTROL PANEL LCPxxx"). 

7. Components inside equipment enclosures (e.g., circuit breakers, fuses, 
control power transformers, control relays, contactors, timers, etc.): 

a. Tag type:  Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  3/16 IN minimum. 

2) Description or function of component (e.g., "M-xxx”, “CR-xxx” or 
“TR-xxx"). 

8. Through enclosure door mounted equipment (e.g., selector switches, 
controller digital displays, etc.): 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Component tag number as indicated on the Drawings or as defined 
by contractor (e.g., “HS-xxx”). 

9. Conductors in control panels and in pull or junction boxes where multiple 
circuits exist. 
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a. Tag type:  Type D - Self-Adhesive Tape Tags. 

b. Fastener:  Self. 

c. Tag conductor at both ends. 

d. Legend: 

1) Letter height:  1/8 IN minimum. 

2) Circuit number or wire number as scheduled on the Drawings or as 
furnished with the equipment. 

10. Conductors in handholes and manholes. 

a. Tag type:  Type A3 - Metal Tape Tags. 

b. Fastener:  Nylon strap. 

c. Tag conductor at both ends. 

d. Legend: 

1) Letter height:  1/8 IN minimum. 

2) Circuit number or wire number as scheduled on the Drawings. 

11. Grounding conductors associated with grounding electrode system in 
accordance with the following: 

a. Tag type:  Type D - Self-Adhesive Tape Tags. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  1/8 IN minimum. 

2) Function of conductor (e.g., "MAIN BONDING JUMPER", "TO 
GROUND RING", "TO MAIN WATER PIPE"). 

12. Flash protection for switchboards, panelboards, industrial control panels 
and motor control centers: 

a. Tag type:  Type D - Self-Adhesive Tape Signs. 

b. Fastener:  Self. 
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c. Legend:  Per NFPA 70. 

13. Entrances to electrical rooms: 

a. Tag type:  Type B2 - Non-Metallic Signs. 

b. Fastener:  Screw or adhesive. 

c. Size:  5 IN x 7 IN. 

d. Location:  Each door to room. 

e. Legend: 

1) OSHA Danger Sign. 

2) Description of Danger:  “HIGH VOLTAGE, AUTHORIZED 
PERSONNEL ONLY”. 

14. Equipment where more than one (1) voltage source is present: 

a. Tag type: 

1) Type B2 - Non-Metallic Signs. 

2) Type D - Self-Adhesive Tape Signs. 

b. Fastener: 

1) Screw or adhesive. 

2) Self. 

c. Size:  1-3/4 IN x 2-1/2 IN. 

d. Location:  Exterior face of enclosure or cubical. 

e. Legend: 

1) OSHA Danger Sign. 

2) Description of Danger:  “MULTIPLE VOLTAGE SOURCES”. 

3.03 HAZARD AND SAFETY SIGNS 

A. Chemical Fill Stations, Chemical Areas, and Doors 

1. NFPA Signs 
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a. Provide one NFPA Chemical Safety Hazard Sign at each chemical fill 
station appropriately worded for the specific chemical. Color 
requirements shall be as described in Appendix A of NFPA 704. 
Provide signs in other locations per OHSA Hazard Communication 
Standard 29 CFR 1910.1200(f) and NFPA 704. 

b. Sign consists of large diamond shape made up of four smaller 
diamonds with numbers on the diamonds corresponding to the labels 
for the chemical represented. 

c. Small diamonds are to be 5 IN on a side with 4 IN letters. The overall 
diamond shall be 10 IN on a side. 

d. Reference NFPA 49 for the contents of these signs based on each 
type of chemical. 

e. Signs shall be wall mounted by the SA/VT fastening methods of ASI of 
equal, continuous across sign with concealed fasteners. Other 
fastening means may be used on fences and other unusual mounting 
locations such as tanks. 

2. Material Safety Data Sheet (MSDS) Storage Cabinets and Binders 

a. Three MSDS storage cabinets shall be provided for the Membrane 
Building and shall be located as directed by the Owner and Engineer.  

b. Cabinets shall be constructed of 22 gauge steel with yellow powder 
coating. Cabinets shall be wall mountable and lockable. Cabinets shall 
be Item No. 14404 by Lab Safety Supply or equal. Provide one 1.5 IN 
polyethylene binder with each cabinet.  

3. Caution Signs 

a. Provide two restrictive/caution signs at each chemical fill station. 

B. Sign copy shall be:  

1) “DANGER. Corrosive Material Wear Required PPE When 
Unloading Chemicals”. 

2) “Contact Plant Personnel Before Unloading Chemicals.” 

C. Sign shall be aluminum construction, minimum 12 IN by 18IN, with all- 
weather, UV resistant coating. 

B. Safety Eyewash/Shower  
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1. Provide a sign at each eyewash/shower location. 

2. Sign copy shall be: “FIRST AID: EMERGENCY SHOWER AND 
EYEWASH” or similar.  

3. Signs shall be 17 IN by 7 IN, plastic construction for interior locations and 
aluminum construction, with all-weather, UV resistant coating for exterior 
locations. 

END OF SECTION 
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SECTION 11005 

EQUIPMENT:  BASIC REQUIREMENTS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Requirements of this Specification Section apply to all equipment provided 
on the Project including that found in Divisions 11, 12, 13, 14, 15, and 16, 
even if not specifically referenced in individual "Equipment" articles of 
those Specification Sections. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 - General Requirements. 

3. Division 3 - Concrete 

4. Section 05501 - Metal Fabrications. 

5. Section 07900 - Joint Sealants. 

6. Section 09905 - Painting and Protective Coatings. 

7. Section 10400 - Identification Devices. 

8. Division 11 - Equipment. 

9. Section 13315 – Process Instrumentation and Controls - Products. 

10. Section 15060 - Pipe and Pipe Fittings:  Basic Requirements. 

11. Division 16 - Electrical. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Bearing Manufacturers Association (ABMA). 
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2. American Gear Manufacturers Association (AGMA). 

3. ASTM International (ASTM): 

a. E1934, Standard Guide for Examining Electrical and Mechanical 
Equipment with Infrared Thermography. 

b. F593, Standard Specification for Stainless Steel Bolts, Hex Cap 
Screws, and Studs. 

4. Hydraulic Institute (HI): 

a. 9.6.4, Centrifugal and Vertical Pumps for Vibration Measurements and 
Allowable Valves. 

5. International Electrotechnical Commission (IEC). 

6. Institute of Electrical and Electronics Engineers, Inc. (IEEE). 

7. International Organization for Standardization (ISO): 

a. 1940, Mechanical Vibration - Balance Quality Requirements for Rotors 
in a Constant (Rigid) State - Part 1:  Specification and Verification of 
Balance Tolerances. 

8. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

b. ICS 6, Enclosures for Industrial Control and System. 

c. MG 1, Motors and Generators. 

9. InterNational Electrical Testing Association (NETA): 

a. ATS, Acceptance Testing Specification for Electrical Power Distribution 
Equipment and Systems. 

10. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC): 

1) Article 430, Motors. 

11. National Institute for Certification in Engineering Technologies (NICET). 

12. National Institute of Standards and Technology (NIST). 
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13. Occupational Safety and Health Administration (OSHA): 

a. 29 CFR 1910, Occupational Safety and Health Standards, referred to 
herein as OSHA Standards. 

14. Underwriters Laboratories, Inc. (UL). 

a. 508, Standard for Safety Industrial Control Equipment. 

b. 508A, Standard for Safety Industrial Control Panels. 

15. Vibration Institute. 

B. Vibration Testing Program: 

1. Testing firm: 

a. An independent firm performing, as the sole or principal part of its 
business for a minimum of 10 years, the inspection, testing, calibration, 
and adjusting of systems. 

b. Must have an established monitoring and testing equipment calibration 
program with accuracy traceable in an unbroken chain, according to 
NIST. 

2. Field personnel: 

a. Minimum of one (1) year field experience covering all phases of field 
vibration testing and data gathering. 

b. Qualified Vibration Category I certification from the Vibration Institute. 

3. Analysis personnel: 

a. Minimum three (3) years combined field testing and data analysis 
experience. 

b. Qualified Vibration Category II certification from the Vibration Institute. 

C. Infrared Thermography Testing Program: 

1. Testing firm: 

a. An independent firm performing, as the sole or principal part of its 
business for a minimum of 10 years, the inspection, testing, calibration, 
and adjusting of systems. 
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b. Must have an established monitoring and testing equipment calibration 
program with accuracy traceable in an unbroken chain, according  to 
NIST. 

2. Field personnel: 

a. Minimum of one (1) year field experience covering all phases of field 
thermography testing and data gathering. 

b. Supervisor certified by NETA or NICET. 

3. Analysis personnel: 

a. Minimum three (3) years combined field testing and data analysis 
experience. 

b. Supervisor certified by NETA or NICET. 

D. Electrical Equipment and Connections Testing Program: 

1. Testing firm: 

a. An independent firm performing, as the sole or principal part of its 
business for a minimum of 10 years, the inspection, testing, calibration 
, and adjusting of systems. 

b. Must have an established monitoring and testing equipment calibration 
program with accuracy traceable in an unbroken chain, according to 
NIST. 

2. Field personnel: 

a. Minimum of one (1) year field experience covering all phases of 
electrical equipment inspection, testing, and calibration. 

b. Relay test technician having previous experience with testing and 
calibration of relays of the same manufacturer and type used on 
project and proficient in setting and testing the types of protection 
elements used. 

c. Supervisor certified by NETA or NICET. 

3. Analysis personnel: 

a. Minimum three (3) years combined field testing and data analysis 
experience. 

b. Supervisor certified by NETA or NICET. 
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E. Miscellaneous: 

1. A single manufacturer of a "product" to be selected and utilized uniformly 
throughout Project even though: 

a. More than one (1) manufacturer is listed for a given "product" in 
Specifications. 

b. No manufacturer is listed. 

2. Equipment, electrical assemblies, related electrical wiring, instrumentation, 
controls, and system components shall fully comply with specific NEC 
requirements related to area classification and to NEMA 250 and NEMA 
ICS 6 designations as indicated on Electrical Power Drawings. 

3. Variable speed equipment applications:  The driven equipment 
manufacturer shall have single source responsibility for coordination of the 
driven equipment and VFD system and ensure their compatibility. 

1.03 DEFINITIONS 

A. Product:  Manufactured materials and equipment. 

B. Major Equipment Supports - Supports for Equipment: 

1. Located on or suspended from elevated slabs with supported equipment 
weighing 2000 LBS or greater, or; 

2. Located on or suspended from roofs with supported equipment weighing 
500 LBS or greater, or; 

3. Located on slab-on-grade or earth with supported equipment weighing 
5000 LBS or more. 

C. Equipment: 

1. One (1) or more assemblies capable of performing a complete function. 

2. Mechanical, electrical, instrumentation or other devices requiring an 
electrical, pneumatic, electronic or hydraulic connection. 

3. Not limited to items specifically referenced in "Equipment" articles within 
individual Specifications. 

D. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the 
product in the field at the Project site. 
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2. Installer and applicator are synonymous. 

1.04 SUBMITTALS 

A. Shop Drawings: 

1. General for all equipment: 

a. See Specification Section 01340 for requirements for the mechanics 
and administration of the submittal process. 

b. Data sheets that include manufacturer's name and complete product 
model number. 

1) Clearly identify all optional accessories that are included. 

c. Acknowledgement that products submitted comply with the 
requirements of the standards referenced. 

d. Manufacturer's delivery, storage, handling, and installation instructions. 

e. Equipment identification utilizing numbering system and name utilized 
in Drawings. 

f. Equipment installation details: 

1) Location of anchorage. 

2) Type, size, and materials of construction of anchorage. 

3) Anchorage setting templates. 

4) Manufacturer's installation instructions. 

g. Equipment area classification rating. 

h. Shipping and operating weight. 

i. Equipment physical characteristics: 

1) Dimensions (both horizontal and vertical). 

2) Materials of construction and construction details. 

j. Equipment factory primer and paint data. 

k. Manufacturer's recommended spare parts list. 
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l. Equipment lining and coatings. 

m. Equipment utility requirements include air, natural gas, electricity, and 
water. 

n. Ladders and platforms provided with equipment: 

1) Certification that all components comply fully with OSHA 
requirements. 

2) Full details of construction/fabrication. 

3) Scaled plan and sections showing relationship to equipment. 

2. Mechanical and process equipment: 

a. Operating characteristics: 

1) Technical information including applicable performance curves 
showing specified equipment capacity, rangeability, and 
efficiencies. 

2) Brake horsepower requirements. 

3) Copies of equipment data plates. 

b. Piping and duct connection size, type and location. 

c. Equipment bearing life certification. 

d. Equipment foundation data: 

1) Equipment center of gravity. 

2) Criteria for designing vibration, special or unbalanced forces 
resulting from equipment operation. 

3. Electric motor: 

a. Motor manufacturer and model number. 

b. Complete motor nameplate data. 

c. Weight. 

d. NEMA design type. 

e. Enclosure type. 
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f. Frame size. 

g. Winding insulation class and temperature rise. 

h. Starts per hour. 

i. Performance data: 

1) Motor speed-torque curve superimposed over driven machine 
speed-torque curve during start-up acceleration and at rated 
terminal voltage for all motors over 200 HP. 

2) Time-current plots with acceleration versus current and thermal 
damage curves at the operating and ambient temperatures and at 
rated terminal voltage  for all motors over 200 HP. 

3) Guaranteed minimum efficiencies at 100 percent, 75 percent, and 
50 percent of full load 

4) Guaranteed minimum power factor at 100 percent, 75 percent, and 
50 percent of full load. 

5) Locked rotor and full load current at rated terminal voltage. 

6) Starting, full load, and breakdown torque at rated terminal voltage. 

j. Bearing data and lubrication system. 

k. Thermal protection system including recommended alarm and trip 
settings for winding and bearing RTD’s. 

l. Fabrication and/or layout drawings: 

1) Dimensioned outlined drawing. 

2) Connection diagrams including accessories (strip heaters, thermal 
protection, etc.). 

m. Certifications: 

1) When utilized with a reduced voltage starter, certify that motor and 
driven equipment are compatible. 

2) When utilized with a variable frequency drive (VFD), certify motor is 
inverter duty and the VFD and motor are compatible. 

a) Include minimum speed at which the motor may be operated for 
the driven machinery. 
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n. Electrical gear: 

1) Unless specified in a narrow-scope Specification Section, provide 
the following: 

a) Equipment ratings:  Voltage, continuous current, kVa, watts, 
short circuit with stand, etc., as applicable. 

2) Control panels: 

a) Panel construction. 

b) Point-to-point ladder diagrams. 

c) Scaled panel face and subpanel layout. 

d) Technical product data on panel components. 

e) Panel and subpanel dimensions and weights. 

f) Panel access openings. 

g) Nameplate schedule. 

h) Panel anchorage. 

4. Systems schematics and data: 

a. Provide system schematics where required in system specifications. 

1) Acknowledge all system components being supplied as part of the 
system. 

2) Utilize equipment, instrument and valving tag numbers defined in 
the Contract Documents for all components. 

3) Provide technical data for each system component showing 
compliance with the Contract Document requirements. 

4) For piping components, identify all utility connections, vents and 
drains which will be included as part of the system. 

5. For factory painted equipment, provide paint submittals in accordance with 
Specification Section 09905. 

6. Qualifications for : 

a. Vibration testing firm and personnel. 
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b. Infrared thermography testing firm and personnel. 

c. Electrical equipment and connections testing firm and personnel. 

7. Testing plans, in accordance with PART 3 of this Specification Section: 

a. Vibration testing. 

b. Thermography testing. 

c. Electrical equipment and connection testing. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01340 for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

C. Miscellaneous Submittals: 

1. Sample form letter for equipment field certification. 

2. Certification that equipment has been installed properly, has been initially 
started up, has been calibrated and/or adjusted as required, and is ready 
for operation. 

3. Certification for major equipment supports that equipment foundation 
design loads shown on the Drawings or specified have been compared to 
actual loads exhibited by equipment provided for this Project and that said 
design loadings are equal to or greater than the loads produced by the 
equipment provided. 

4. Field noise testing reports if such testing is specified in narrow-scope 
Specification Sections. 

5. Notification, at least one (1) week in advance, that motor testing will be 
conducted at factory. 

6. Certification from equipment manufacturer that all manufacturer-supplied 
control panels that interface in any way with other controls or panels have 
been submitted to and coordinated with the supplier/installer of those 
interfacing systems. 

7. Motor test reports. 
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8. Certification prior to Project closeout that electrical panel drawings for 
manufacturer-supplied control panels truly represent panel wiring including 
any field-made modifications. 

9. Provide three (3) bound final written reports documenting vibration 
monitoring and testing for specified equipment. 

a. Include the acceptance criteria of all equipment tested. 

b. Provide individual tabbed sections for information associated with each 
piece of tested equipment. 

10. Preliminary field quality control testing format to be used as a basis for 
final field quality control reporting. 

11. Testing and monitoring reports in accordance with PART 3 of this 
Specification Section. 

12. Certification that driven equipment and VFD are compatible. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable (unless noted otherwise in the individual 
Division 11 Specifications Sections): 

1. Motors: 

a. Baldor. 

b. General Electric. 

c. Marathon Electric. 

d. Siemens. 

e. Teco-Westinghouse. 

f. U.S. Motors. 

g. WEG. 

B. Submit request for substitution in accordance with Specification Section 
01630. 
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2.02 MANUFACTURED UNITS 

A. Electric Motors: 

1. Where used in conjunction with adjustable speed AC or DC drives, 
provide motors that are fully compatible with the speed controllers. 

2. Design for frequent starting duty equivalent to duty service required by 
driven equipment. 

3. Design for full voltage starting unless otherwise specified. 

4. Design bearing life based upon actual operating load conditions imposed 
by driven equipment. 

5. Size for altitude of Project. 

6. Furnish with embossed stainless steel nameplates which include all data 
required by NEC Article 430. 

7. Use of manufacturer's standard motor will be permitted on integrally 
constructed motor driven equipment specified by model number in which a 
redesign of the complete unit would be required in order to provide a 
motor with features specified. 

8. AC electric motors less than 1/3 HP: 

a. Single phase, 60 Hz, designed for the supply voltage shown on the 
Drawings. 

b. Permanently lubricated sealed bearings conforming to ABMA 
standards. 

c. Built-in manual reset thermal protector or integrally mounted manual 
motor starter with thermal overload element with stainless steel 
enclosure. 

9. AC electric motors 1/3 to 1 HP: 

a. Single or 3 PH, 60 Hz, designed for the supply voltage shown on the 
Drawings. 

b. Permanently lubricated sealed bearings conforming to ABMA 
standards. 

1) For single phase motors, provide built-in manual reset thermal 
protector or integrally mounted manual motor starter with thermal 
overload element. 
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10. AC electric motors 1-1/2 to 10 HP: 

a. Single or 3 PH, 60 Hz, designed for the supply voltage shown on the 
Drawings. 

b. Permanently lubricated sealed bearings conforming to ABMA 
standards. 

c. For vertical motors provide 15 year, average-life thrust bearings 
conforming to ABMA standards.  

11. AC electric motors greater than 10 HP: 

a. Single or 3 PH, 60 Hz, designed for the supply voltage shown on the 
Drawings. 

b. Oil or grease lubricated antifriction bearings conforming to ABMA 
standards. 

1) Design bearing life for 90 percent survival rating at 50,000 HRS of 
operation for motors up to and including 100 HP. 

2) For motors greater than 100 HP, design bearing life for 90 percent 
survival rating at 100,000 HRS of operation. 

c. For vertical motors provide 15 year, average-life thrust bearings 
conforming to ABMA standards. 

d. Thermal protection: 

1) Refer to narrow scope specifications for requirements.  

e. Motor space heater: 

1) Rated for 120V AC. 

2) Provide for all motors unless noted otherwise in the narrow scope 
specifications.  

12. Severe duty motor to have the following minimum features: 

a. All cast iron construction. 

b. Gasketed conduit box. 

c. Epoxy finish for corrosion protection. 

d. Hydroscopic varnish on windings for corrosion protection. 
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e. Drain plug and breather. 

B. NEMA Design Squirrel Cage Induction Motors: 

1. Provide motors designed and applied in compliance with NEMA and IEEE 
for the specific duty imposed by the driven equipment. 

2. Motors to meet NEMA MG 1 (NEMA Premium) efficiencies. 

3. Do not provide motors having a locked rotor kVA per HP exceeding the 
NEMA standard for the assigned NEMA code letter. 

4. For use on VFDs, provide induction motors that are in compliance with 
NEMA MG 1, Part 31. 

5. Design motor insulation in accordance with NEMA standards for Class F 
insulation with Class B temperature rise above a 40 DegC ambient at 
nameplate horsepower. 

6. Design motors for continuous duty. 

7. Size motors having a 1.0 service factor so that nameplate HP is a 
minimum of 15 percent greater than the maximum HP requirements of the 
driven equipment over its entire operating range. 

a. As an alternative, furnish motors with a 1.15 service factor and size so 
that nameplate HP is at least equal to the maximum HP requirements 
of the driven equipment over its entire operating range. 

8. Motor enclosure and winding insulation application: 

a. The following shall apply unless modified by specific Specification 
Sections: 

 
MOTOR LOCATION MOTOR ENCLOSURE / WINDING INSULATION 

Unclassified Indoor Areas DPFG (for horizontal motors), WP-I (for vertical 
motors), Standard Insulation 

Wet indoor Areas TEFC, Standard Insulation   
Wet outdoor Areas TEFC, Extra Dip and Bake for Moisture  
Corrosive Areas TEFC, Severe/ Chemical Duty Rated, Extra Dip 

and Bake for Moisture 
 
NOTE:  Provide TENV motors in the smaller horsepower ratings where TEFC is not 
available. 
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9. Provide oversize conduit box complete with clamp type grounding 
terminals inside the conduit box.  Conduit boxes shall accept the number 
and sizes of conduits indicated on the Electrical Drawings. 

C. Submersible Motors:  Refer to individual narrow-scope Specification Sections 
for submersible motor requirements. 

D. V-Belt Drives: 

1. Provide each V-belt drive with sliding base or other suitable tension 
adjustment. 

2. Provide V-belt drives with a service factor of at least 1.6 at maximum 
speed. 

3. Provide staticproof belts. 

2.03 COMPONENTS 

A. Gear Drives and Drive Components: 

1. Size drive equipment capable of supporting full load including losses in 
speed reducers and power transmission. 

2. Provide nominal input horsepower rating of each gear or speed reducer at 
least equal to nameplate horsepower of drive motor. 

3. Design drive units for 24 HR continuous service, constructed so oil 
leakage around shafts is precluded. 

4. Utilize gears, gear lubrication systems, gear drives, speed reducers, 
speed increasers and flexible couplings meeting applicable standards of 
AGMA. 

5. Gear reducers: 

a. Provide gear reducer totally enclosed and oil lubricated. 

b. Utilize antifriction bearings throughout. 

c. Provide worm gear reducers having a service factor of at least 1.20. 

d. Furnish other helical, spiral bevel, and combination bevel-helical gear 
reducers with a service factor of at least 1.50. 

2.04 ACCESSORIES 

A. Guards: 
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1. Provide each piece of equipment having exposed moving parts with full 
length, easily removable guards, meeting OSHA requirements. 

2. Interior applications: 

a. Construct from expanded galvanized steel rolled to conform to shaft or 
coupling surface. 

b. Utilize non-flattened type 16 GA galvanized steel with nominal 1/2 IN 
spacing. 

c. Connect to equipment frame with hot-dip galvanized bolts and wing 
nuts. 

3. Exterior applications: 

a. Construct from 16 GA stainless steel or aluminum. 

b. Construct to preclude entrance of rain, snow, or moisture. 

c. Roll to conform to shaft or coupling surface. 

d. Connect to equipment frame with stainless steel bolts and wing nuts. 

B. Anchorage: 

1. Cast-in-place anchorage: 

a. Provide ASTM F593, Type 316 stainless steel anchorage for all 
equipment. 

b. Configuration and number of anchor bolts shall be per manufacturer's 
recommendations. 

c. Provide two nuts for each bolt. 

2. Drilled anchorage: 

a. Adhesive anchors per Specification Section 05505. 

b. Epoxy grout per Specification Section 03308. 

c. Threaded rods same as cast-in-place. 

C. Data Plate: 

1. Attach a stainless steel data plate to each piece of rotary or reciprocating 
equipment. 
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2. Permanently stamp information on data plate including manufacturer's 
name, equipment operating parameters, serial number and speed. 

D. Gages: 

1. Provide gages in accordance with Specification Section 13315. 

2. Provide at the following locations: 

a. Inlet and outlet of all reciprocating, centrifugal and positive 
displacement mechanical and process equipment. 

b. At locations identified on Drawings. 

3. Utilize tapping sleeves for mounting per Specification Section 15060. 

E. Lifting Eye Bolts or Lugs: 

1. Provide on all equipment 50 LBS or greater. 

2. Provide on other equipment or products as specified in the narrow-scope 
Specification Sections. 

F. Platforms and Ladders: 

1. Design and fabricate in accordance with OSHA Standards. 

2. Fabricate components from materials noted on the Drawings. 

3. Provide platform surface:  Non-skid grating or checkered plate as noted on 
the Drawings. 

2.05 FABRICATION 

A. Design, fabricate, and assemble equipment in accordance with modern 
engineering and shop practices. 

B. Manufacture individual parts to standard sizes and gages so that repair parts, 
furnished at any time, can be installed in field. 

C. Furnish like parts of duplicate units to be interchangeable. 

D. Ensure that equipment has not been in service at any time prior to delivery, 
except as required by tests. 

E. Furnish equipment which requires periodic internal inspection or adjustment 
with access panels which will not require disassembly of guards, dismantling 
of piping or equipment or similar major efforts. 
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1. Quick opening but sound, securable access ports or windows shall be 
provided for inspection of chains, belts, or similar items. 

F. Provide common, lipped base plate mounting for equipment and equipment 
motor where said mounting is a manufacturer's standard option. 

1. Provide drain connection for 3/4 IN PVC tubing. 

G. Machine the mounting feet of rotating equipment. 

H. Fabricate equipment which will be subject to Corrosive Environment in such a 
way as to avoid back to back placement of surfaces that can not be properly 
prepared and painted. 

1. When such back to back fabrication can not be avoided, provide 
continuous welds to seal such surfaces from contact with corrosive 
environment. 

2. Where continuous welds are not practical, after painting seal the back to 
back surfaces from the environment in accordance with Specification 
Section 07900. 

I. Critical Speed: 

1. All rotating parts accurately machined and in as near perfect rotational 
balance as practicable. 

2. Excessive vibration is sufficient cause for equipment rejection. 

3. Ratio of all rotative speeds to critical speed of a unit or components:  
Greater than 1.2. 

J. Control Panels Engineered and Provided with the Equipment by the 
Manufacturer: 

1. Manufacturer’s standard design for components and control logic unless 
specific requirements are specified in the specific equipment Specification 
Section. 

2. NEMA or IEC rated components are acceptable, whichever is used in the 
manufacturer’s standard engineered design, unless specific requirements 
are required in the specific equipment Specification Section. 

3. Affix entire assembly with a UL 508A label “Listed Enclosed Industrial 
Control Panel prior to delivery. 

a. Control panels without an affixed UL 508A label shall be rejected. 
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4. Shall meet requirements of Section 13448. 

2.06 SHOP OR FACTORY PAINT FINISHES 

A. Electrical Equipment: 

1. Provide factory-applied paint coating system(s) for all electrical equipment 
components except those specified in Specification Section 09905 to 
receive field painting. 

a. Field painted equipment:  See Specification Section 09905 for factory 
applied primer/field paint compatibility requirements. 

B. Unless noted otherwise in the narrow-scope specifications, field paint other 
equipment in accordance with Specification Section 09905. 

1. See Specification Section 09905 for factory applied primer/field paint 
compatibility requirements. 

2.07 SOURCE QUALITY CONTROL 

A. Motor Tests: 

1. Test motors in accordance with NEMA and IEEE standards. 

2. Provide routine test for all motors. 

3. The Owner reserves the right to select and have tested, either routine or 
complete, any motor included in the project. 

a. The Owner will pay all costs, including shipping and handling, for all 
motors successfully passing the tests. 

b. The Contractor shall pay all costs, including shipping and handling, for 
all motors failing the tests. 

c. If two (2) successive motors of the same manufacturer fail testing, the 
Owner has the right to reject all motors from that manufacturer. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Install equipment as shown on Drawings and in accordance with 
manufacturer's directions. 

B. Utilize templates for anchorage placement for slab-mounted equipment. 
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C. For equipment having drainage requirements such as seal water, provide 3/4 
IN PVC or clear plastic tubing from equipment base to nearest floor or 
equipment drain. 

1. Route clear of major traffic areas and as approved by Engineer. 

D. DO NOT construct foundations until major equipment supports are approved. 

E. Extend all non-accessible grease fittings using stainless steel tubing to a 
location which allows easy access of fittings from closest operating floor level. 

F. Equipment Base: 

1. Construct level in both directions. 

2. Take particular care at anchor bolt locations so these areas are flat and 
level. 

G. Machine Base: 

1. Mount machine base of rotating equipment on equipment base. 

a. Level in both directions, using a machinist level, according to machined 
surfaces on base. 

2. Level machine base on equipment base and align couplings between 
driver and driven unit using steel blocks and shims. 

a. Size blocks and shims to provide solid support at each mounting bolt 
location. 

1) Provide area size of blocks and shims approximately 1-1/2 times 
area support surface at each mounting bolt point. 

b. Provide blocks and shims at each mounting bolt. 

1) Furnish blocks and shims that are square shape with "U" cut out to 
allow blocks and shims to be centered on mounting bolts. 

c. After all leveling and alignment has been completed and before 
grouting, tighten mounting bolts to proper torque value. 

H. Couplings: 

1. Align in the annular and parallel positions. 

a. For equipment rotating at 1200 rpm or less, align both annular and 
parallel within 0.001 IN tolerance for couplings 4 IN size and smaller. 
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1) Couplings larger than 4 IN size:  Increase tolerance 0.0005 IN per 
inches of coupling diameter, i.e., allow 6 IN coupling 0.002 IN 
tolerance, and allow a 10 IN coupling 0.004 IN tolerance. 

b. For equipment rotating at speeds greater than 1200 rpm allow both 
annular and parallel positions within a tolerance rate of 0.00025 IN per 
inch coupling diameter. 

2. If equipment is delivered as a mounted unit from factory, verify factory 
alignment on site after installation and realigned if necessary. 

3. Check surfaces for runout before attempting to trim or align units. 

I. Grouting: 

1. After machine base has been shimmed, leveled onto equipment base, 
couplings aligned and mounting bolts tightened to correct torque value, 
place a dam or formwork around base to contain grouting between 
equipment base and equipment support pad. 

a. Extend dam or formwork to cover leveling shims and blocks. 

b. Do not use nuts below the machine base to level the unit. 

2. Saturate top of roughened concrete subbase with water before grouting. 

a. Add grout until entire space under machine base is filled to the top of 
the base underside. 

b. Puddle grout by working a stiff wire through the grout and vent holes to 
work grout in place and release any entrained air in the grout or base 
cavity. 

3. When the grout has sufficiently hardened, remove dam or formwork and 
finish the exposed grout surface to fine, smooth surface. 

a. Cover exposed grout surfaces with wet burlap and keep covering 
sufficiently wet to prevent too rapid evaporation of water from the 
grout. 

b. When the grout has fully hardened (after a minimum of seven (7) days) 
tighten all anchor bolts to engage equipment base to grout, shims, and 
equipment support pad. 

c. Recheck driver-driven unit for proper alignment. 
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3.02 INSTALLATION CHECKS 

A. For all equipment specifically required in detailed specifications, secure 
services of experienced, competent, and authorized representative(s) of 
equipment manufacturer to visit site of work and inspect, check, adjust and 
approve equipment installation. 

1. In each case, representative(s) shall be present during placement and 
start-up of equipment and as often as necessary to resolve any 
operational issues which may arise. 

B. Secure from equipment manufacturer's representative(s) a written report 
certifying that equipment: 

1. Has been properly installed and lubricated. 

2. Is in accurate alignment. 

3. Is free from any undue stress imposed by connecting piping or anchor 
bolts. 

4. Has been operated under full load conditions and that it operated 
satisfactorily. 

a. Secure and deliver a field written report to Owner immediately prior to 
leaving jobsite. 

C. No separate payment shall be made for installation checks. 

1. All or any time expended during installation check does not qualify as 
Operation and Maintenance training or instruction time when specified. 

3.03 IDENTIFICATION OF EQUIPMENT AND HAZARD WARNING SIGNS 

A. Identify equipment and install hazard warning signs in accordance with 
Specification Section 10400. 

3.04 FIELD PAINTING AND PROTECTIVE COATINGS 

A. For required field painting and protective coatings, comply with Specification 
Section 09905. 

3.05 WIRING CONNECTIONS AND TERMINATION 

A. Clean wires before installing lugs and connectors. 

B. Terminate motor circuit conductors with copper lugs bolted to motor leads. 
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C. Tape stripped ends of conductors and associated connectors with electrical 
tape. 

1. Wrapping thickness shall be 150 percent of the conductor insulation 
thickness. 

D. Connections to carry full ampacity of conductors without temperature rise. 

E. Terminate spare conductors with electrical tape. 

F. All wiring shall be labeled per 16195.  

3.06 FIELD QUALITY CONTROL 

A. General: 

1. Furnished equipment manufacturer’s field quality control services and 
testing as specified in the individual equipment Specification Sections. 

2. Execute pre-demonstration requirements in accordance with Specification 
Section 01650. 

3. Perform and report on all tests required by the equipment manufacturer’s 
Operation and Maintenance Manual. 

4. Provide testing of electrical equipment and connections in accordance 
with Division 16. 

5. Equip testing and analysis personnel with all appropriate project related 
reference material required to perform tests, analyze results, and provide 
documentation including, but not limited to: 

a. Contract Drawings and Specifications. 

b. Related construction change documentation. 

c. Approved Shop Drawings. 

d. Approved Operation and Maintenance Manuals. 

e. Other pertinent information as required. 

B. Equipment Monitoring and Testing Plans: 

1. Approved in accordance with Shop Drawing submittal schedule. 

2. Included as a minimum: 
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a. Qualifications of firm, field personnel, and analysis personnel doing the 
Work. 

b. List and description of testing and analysis equipment to be utilized. 

c. List of all equipment to be testing, including: 

1) Name and tag numbers identified in the Contract Documents. 

2) Manufacturer’s serial numbers. 

3) Other pertinent manufacturer identification, 

C. Instruments Used in Equipment and Connections Quality Control Testing: 

1. Minimum calibration frequency: 

a. Field analog instruments:  Not more than 6 months. 

b. Field digital instruments:  Not more than 12 months. 

c. Laboratory instruments:  Not more than 12 months. 

d. If instrument manufacturer’s calibration requirements are more 
stringent, those requirements shall govern. 

2. Carry current calibration status and labels on all testing instruments. 

3. See individual testing programs for additional instrumentation compliance 
requirements. 

D. Testing and Monitoring Program Documentation: 

1. Provide reports with tabbed sections for each piece of equipment tested. 

2. Include all testing results associated with each piece of equipment under 
that equipment’s tabbed section. 

a. Include legible copies of all forms used to record field test information. 

3. Prior to start of testing, submit one (1) copy of preliminary report format for 
Engineer review and comment 

a. Include data gathering and sample test report forms that will be 
utilized. 

4. In the final report, include as a minimum, the following information for all 
equipment tested: 
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a. Equipment identification, including: 

1) Name and tag numbers identified in the Contract Documents. 

2) Manufacturer’s serial numbers. 

3) Other pertinent manufacturer identification, 

b. Date and time of each test. 

c. Ambient conditions including temperature, humidity, and precipitation. 

d. Visual inspection report. 

e. Description of test and referenced standards, if any, followed while 
conducting tests. 

f. Results of initial and all retesting. 

g. Acceptance criteria. 

h. “As found” and “as left” conditions. 

i. Corrective action, if required, taken to meet acceptance. 

j. Verification of corrective action signed by the Contractor, equipment 
supplier, and Owner’s representative. 

k. Instrument calibration dates of all instruments used in testing. 

5. Provide three (3) bound final reports prior to Project final completion. 

E. Vibration Monitoring and Testing Program: 

1. Perform vibration monitoring and testing for equipment specified in 
Divisions 11, 12, 13, 14, and 15 during the Equipment Demonstration 
Period. 

2. Provide vibration testing on all rotating and reciprocating equipment 
having driver 200 HP and greater. 

3. Permanently attach vibration test and monitoring mounting pads to the 
equipment at locations recommended by the equipment manufacturer or 
as recommended by the vibration testing agency. 

4. Utilize mounting pads suitable for permanent installation and for 
incorporation into a predictable maintenance program. 
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5. Additional requirements for vibration monitoring and testing equipment: 

a. Frequency response:  0.18 Hz to 25 kHz. 

b. Resolution:  6400 lines. 

c. Amplitude range:  18 bit for 96 dB dynamic range. 

d. Supports measurements of acceleration, velocity, displacement, 
envelope demodulation for bearing defect detection. 

e. Capable of two-place computer balancing. 

f. Requirements for vibration sensor: 

1) Sensitivity:  +/- 5 percent at 25 DegC= 100 mV/g. 

2) Acceleration range:  80 g peak. 

3) Amplitude nonlinearity:  1 percent. 

4) Frequency response: 

a) +/- 5 percent = 3-5000 Hz. 

b) +/- 10 percent = 1-9000 Hz. 

5) Permanently attach vibration test and monitoring mounting pads to 
mechanical equipment at location recommended by the equipment 
manufacturer or as recommended by the testing firm. 

6) Acceptability of equipment conditions, except pumps, based on ISO 
1940-1 Balance Quality Grade G2.5 criteria. 

7) Acceptability of pumping equipment to be based on HI 9.6.4 
criteria. 

8) Repair or replace equipment shown to be out of range of the 
acceptable tolerance until the equipment meets or exceeds 
acceptability standards. 

6. For variable speed equipment provide vibration testing at 1 Hz increments 
throughout entire operating range. 

7. Diagnosis to include, but is not limited to the following: 

a. Unbalance. 
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b. Misalignment. 

c. Bent shaft. 

d. Journal bearing related problems. 

e. Rolling contract bearing problems. 

f. Mechanical looseness. 

g. Resonance. 

h. Foundation flexibility. 

i. Electrically induced problems. 

j. Pump problems. 

k. Fan problems. 

l. Coupling problems. 

m. Drive belt problems. 

n. Gear problems. 

o. Centrifugal compressor problems. 

p. Electric motor induced vibration from VFD or VFD carrier frequency. 

8. Provide machinery condition diagnosis based on an acceptable machinery 
vibration severity guide or machinery fault guide analysis provided by the 
testing agency, ISO 1940 Balance Quality Grade 6.3 as a minimum. 

9. Tolerances for pumping equipment shall be per HI published standards. 

10. Repair or replace equipment shown to be out of range of the specified 
tolerance until the equipment meets the specified normal operation range 
required in the machinery fault guide analysis. 

11. Document testing with written report. 

a. Report to include initial testing results, acceptance criteria, corrective 
action taken to meet acceptance, verification of corrective action and 
acceptance report and baseline. 

F. Infrared Thermography Testing Program: 
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1. Perform infrared thermography testing for equipment specified in Divisions 
11, 12, 13, 14, and 15 during the Equipment Demonstration Period. 

a. Perform on all rotating and reciprocating equipment having drivers 25 
HP or greater. 

b. Perform on electrical equipment and connections:  See Specification 
Section 16080. 

2. Additional requirements for infrared thermography monitoring and testing 
equipment: 

a. Temperature range:  -10 to 350 DegC. 

b. Accuracy: +/-2 percent or 2 DegC, whichever is greater. 

c. Repeatability:  +/-1 percent or 1 DegC, whichever is greater. 

d. Temperature indication resolution:  0.1 DegC. 

e. Minimum focus distance:  0.3 meters. 

f. Output in color palettes:  JPEG, BMP, or other digital format 
compatible with Windows. 

3. Perform inspection per ASTM E1934. 

a. Operate VFD driven equipment at 100 percent speed during 
thermographic inspection. 

4. Acceptability of electrical connections and components based on 
temperature comparison between components and ambient air 
temperatures not greater than 10 DegC per ASTM E1934. 

5. Acceptability of motors and equipment bearings based on temperature 
rise not greater than 5 DegC above the equipment and/or bearing 
manufacturers published criteria. 

6. Repair or replace equipment shown to be out of range of the acceptable 
tolerance until the equipment meets or exceeds acceptability standards. 

G. Electrical Equipment and Connections Testing Program: 

1. Perform testing on Division 16 equipment and connections in accordance 
with Division 16 requirements. 

2. Inspect wire and connections for physical damage and proper connection. 
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3. Testing of motors: 

a. After installation and prior to energizing the motor, perform inspections 
and tests per NETA ATS 7.15 for all motors 50 HP or above. 

b. Bump motor to check for correct rotation. 

4. Repair or replace equipment shown to be out of range of the acceptable 
tolerance until the equipment meets or exceeds acceptability standards. 

H. Other Testing: 

1. Perform tests and inspections not specifically listed but required to assure 
equipment is safe to energize and operate. 

2. Sub-base that supports the equipment base and that is made in the form 
of a cast iron or steel structure that has supporting beams, legs, and cross 
members that are cast, welded, or bolted shall be tested for a natural 
frequency of vibration after equipment is mounted. 

a. The ratio of the natural frequency of the structure to the frequency of 
the disturbing force shall not be between 0.5 and 1.5. 

I. After installation and prior to energizing the motor, provide insulation 
resistance test of all motors 50 HP and above. 

1. Conduct test with 500 or 1000 Vdc megger. 

2. Test each phase separately. 

3. Disconnect all extraneous leads to the motor. 

4. Comply with NEMA MG 1 safety requirements and test procedures. 

J. Bump motor to check for correct rotation: 

1. Ensure motor has been lubricated. 

2. Check prior to connection to driven equipment. 

K. Sub-base that supports the equipment base and that is made in the form of a 
cast iron or steel structure that has supporting beams, legs and cross 
member that are cast welded or bolted, shall be tested for a natural frequency 
of vibration after equipment is mounted. 

1. Keep the ratio of the natural frequency of the structure to the frequency of 
the disturbing force out of the range from 0.5 to 1.5. 

11005-29 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

EQUIPMENT: BASIC REQUIREMENTS WBS No. S-000056-0071-4 

3.07 DEMONSTRATION 

A. Demonstrate equipment in accordance with Specification Section 01650. 

END OF SECTION 

11005-30 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements PUMPING EQUIPMENT: 
WBS No. S-000056-0071-4 BASIC REQUIREMENTS 

SECTION 11060 

PUMPING EQUIPMENT:  BASIC REQUIREMENTS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Pumping equipment. 

B. Related Sections include but are not necessarily limited to: 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 - General Requirements. 

3. Section 09905 - Painting and Protective Coatings. 

4. Section 11005 - Equipment:  Basic Requirements. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Hydraulic Institute (HI): 

a. Standards for Centrifugal, Rotary and Reciprocating Pumps. 

B. Fully coordinate all mechanical seal systems specified to ensure pump and 
seal compatibility. 

C. Pump/motor and VFD coordination:  See Section 11005. 

1.03 DEFINITIONS 

A. The abbreviations are defined as follows: 

1. IPS:  Iron Pipe Size. 

2. NPSHA:  Net Positive Suction Head Available. 

3. NPSHR:  Net Positive Suction Head Required. 
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4. TDH:  Total Differential Head. 

5. TEFC:  Totally Enclosed Fan Cooled. 

6. TENV: Totally Enclosed Non-Ventilated 

7. VFD:  Variable Frequency Drive. 

B. Pump Service Category:  Pump or pumps having identical names (not tag 
numbers) used for specific pumping service. 

1.04 SUBMITTALS 

A. Shop Drawings 

1. See Specification Section 01340 for requirements for the mechanics and 
administration of the submittal process. 

2. See Specification Section 11005. 

3. Product technical data including: 

a. Performance data and curves with flow (gpm), head (FT), horsepower, 
efficiency, NPSH requirements, submergence requirement. 

b. Pump accessory data. 

c. Bearing supports, shafting details and lubrication provisions. 

d. Solids passage information. 

4. Certifications: 

a. Certified pump performance curves as described in Article 2.5. 

5. Test reports: 

a. Factory hydrostatic test. 

b. Factory performance test. 

B. Operation and Maintenance Manuals 

1. See Specification Section 01782 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 
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C. Miscellaneous 

1. Certifications: 

a. Provide a written statement that manufacturer's equipment has been 
installed properly, started up and is ready for operation by Owner's 
personnel. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Mechanical seals: 

a. Chesterton 

b. John Crane 

2. Seal water station: 

a. Chesterton. 

b. John Crane. 

c. AESSEAL. 

B. Submit request for substitution in accordance with Specification Section 
01630. 

2.02 CENTRIFUGAL PUMP DESIGN 

A. Provide units with increasing head characteristics from the end run out portion 
of the curve to shutoff condition. 

B. The maximum net positive suction head required by pumping units shall be 
no more than 3 FT less than the specified minimum net positive suction head 
available.  

2.03 ACCESSORIES 

A. See Specification Section 11005. 

B. Each Unit: 
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1. Lifting eye bolts or lugs. 

2. Plugged gage cock connection at suction and discharge nozzles. 

3. Tapped and plugged openings for casing and bearing housing vents and 
drains. 

4. Fittings for properly adding flushing lubricant. 

5. Pressure relief fittings for grease lubrication. 

C. Packing Seal: 

1. Provide packing unless mechanical seal is specified in narrow-scope 
pump sections. 

2. Minimum of five (5) rings graphite impregnated synthetic packing. 

3. Provide minimum 1/4 IN DIA supply tap and 1/2 IN DIA minimum drain 
tap. 

4. Provide split Teflon or bronze water seal ring. 

5. Adjustable split follower cast iron or bronze gland. 

D. Mechanical Seals: 

1. Provide as specified in the narrow-scope pump sections. 

E. Seal Water Station: 

1. Provide one unit per pump with manual shut-off valve on all pumps with 
seals requiring external clean-water cooling supply. 

2. Provide each seal water station with the valves and appurtenances as 
shown on the Drawings. Stations shall provide pressure regulation and 
monitoring and flow regulation and monitoring. Provide system with flow 
switch and solenoid valve where shown on the Drawings. Gauges and 
switches shall be as specified in Section 13315. Valves, solenoids, piping 
and accessories shall be as specified in Division 15.  

3. Service: 

a. Supply water temperatures up to 100 Deg F. 

b. Supply pressure up to 140 psig; regulated to pressure required for the 
application.  
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4. Mounting: 

a. Install seal water piping, valves, and appurtenances on a stainless 
steel or polypropylene backplane with Type 316 stainless steel channel 
support legs. Legs shall be floor or wall mounted. 

b. Maximum distance from non-potable water to shut-off ball valve to seal 
water station and seal water station to pump seal, 2 FT each direction. 

2.04 FABRICATION 

A. Pump Support: 

1. Design base to support weight of drive, shafting and pump. 

2. Comply with HI vibration limitations. 

3. Mount horizontal pump, motor and coupling on single piece drip lip type 
baseplate. 

4. Mount vertical pumps on single piece pedestal baseplate. 

5. Fabricate to withstand all operating loads transmitted from the pump and 
drive. 

2.05 SOURCE QUALITY CONTROL 

A. If specifically required in the individual pump specification sections, provide 
factory tests: 

1. All units: 

a. Hydrostatic test at 150 percent of shutoff head for a minimum of 5 
minutes. 

2. Adjustable speed units: 

a. Head (FT) verses flow (gpm) pump curves: 

1) Maximum, minimum and two equally spaced intermittent speeds. 

2) Efficiencies along each curve. 

3) Brake horsepower along each curve. 

3. Constant speed units: 

a. Head (FT) versus flow (gpm) pump curves: 
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1) Efficiencies along curve. 

2) Brake horsepower along each curve. 

4. Results certified by a registered professional engineer. 

B. Statically and dynamically balance each pump impeller per HI standards. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. See Section 11005. 

B. Floor or Pad-Mounted Units (Non-Submersible): 

1. Align vertically and horizontally level, wedge and plumb units to match 
piping interfaces. 

2. Assure no unnecessary stresses are transmitted to equipment flanges. 

3. Tighten flange bolts at uniform rate and manufacturer's recommended 
torque for uniform gasket compression. 

4. Support and match flange faces to uniform contact over entire face area 
prior to bolting pipe flange and equipment. 

5. Permit piping connecting to equipment to freely move in directions parallel 
to longitudinal centerline when and while bolts in connection flange are 
tightened. 

6. Grout equipment into place prior to final bolting of piping but not before 
initial fitting and alignment. 

7. Assemble connecting piping with gaskets in place and minimum of four (4) 
bolts per joint installed and tightened. 

a. Test alignment by loosening flange bolts to see if there is any change 
in relationship of piping flange with equipment connecting flange. 

b. Realign as necessary, install flange bolts and make equipment 
connection. 

8. Where required, field finish paint units as defined in Section 09905. 

9. Provide pressure gage on discharge of all pumps and on suction and 
discharge of all non-submersible units. 
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C. Submersible Units: 

1. Assemble connecting piping with gaskets in place and minimum of four (4) 
bolts per joint installed and tightened. 

a. Test alignment by loosening flange bolts to see if there is any change 
in relationship of piping flange with equipment connecting flange. 

b. Realign as necessary, install flange bolts and make equipment 
connection. 

2. Where required, field finish paint units as defined in Section 09905. 

3. Provide pressure gage on discharge of all pumps and on suction and 
discharge of all non-submersible units. 

3.02 FIELD QUALITY CONTROL 

A. Provide services of equipment manufacturer's field service representative(s) 
to: 

1. Inspect equipment covered by these Specifications. 

2. Supervise pre-start adjustments and installation checks. 

3. Conduct initial startup of equipment and perform operational checks.   

4. Instruct Owner's personnel on operation and maintenance procedures for 
the specified minimum number of hours specified in each equipment 
specification section.  

B. Refer to narrow-scope equipment specifications for minimum number of hours 
required the above-specified services. 

C. See Sections 01735 and 01755 for additional requirements.  

END OF SECTION 

11060-7 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
PUMPING EQUIPMENT:   Bid Package 2 – Plant 1-2 Improvements 
BASIC REQUIREMENTS  WBS No. S-000056-0071-4 

 
 

 

 

 

 

 

 

 

 

 

THIS PAGE WAS INTENTIONALLY LEFT BLANK 

 

 

11060-8 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements PUMPING EQUIPMENT: 
WBS No. S-000056-0071-4      CENTRIFUGAL PUMPS 

SECTION 11061 

PUMPING EQUIPMENT:  CENTRIFUGAL PUMPS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Non-clog centrifugal pumps – Flash mix pumps. 

2. Vertical multi-stage centrifugal pumps – PAC utility water booster pumps. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 

Contract. 

2. Division 01 - General Requirements. 

3. Section 11060 - Pumping Equipment:  Basic Requirements. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Bearing Manufacturers Association (ABMA). 

2. American Iron and Steel Institute (AISI): 

a. Steel Products Manual. 

3. American National Standards Institute (ANSI). 

4. ASTM International (ASTM): 

5. National Electrical Manufacturers Association (NEMA): 

6. National Fire Protection Agency (NFPA): 

a. 70, National Electrical Code (NEC). 

7. Underwriters Laboratories, Inc. (UL). 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Sections 01330 and 01340 for requirements for the 

mechanics and administration of the submittal process. 
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2. See Specification Section 11060. 

3. Source quality control test reports. 

4. Certifications:  Certification statement of solids passage. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01782 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. See Section 01610. 

1.5 WARRANTY 

A. Provide manufacturers standard one year warranty from the date of substantial 

completion.  

1.6 SYSTEM DESRIPTION 

A. The non-clog centrifugal pumps specified herein will be used to recirculate 

water at the flash mix basins. 

B. The vertical multistage centrifugal utility water booster pumps for PAC feed 

system. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 

manufacturers are acceptable: 

1. Non-clog centrifugal pumps: 

a. Fairbanks-Morse. 

b. Morris. 

c. Worthington. 
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d. Flowserve 

2. Vertical multi-stage centrifugal pumps: 

a. Grundfos 

B. Submit request for substitution in accordance with Specification Section 01640. 

2.2 MATERIALS 

A. Flash Mix Pumps: 

1. Pump volute: Cast iron, ASTM A48, Class 30  

2. Impeller: Cast iron, ASTM A48, Class 30 or ductile iron, Grade 60-40-18 or 

stainless steel AISI 304 

3. Shaft: Carbon steel or stainless steel, {AISI 1045} {ASTM A108-C1141}. 

4. Impeller wear rings:  Stainless steel. 

5. Shaft sleeve:  Stainless steel. 

6. Stuffing box, gland bolts and nuts:  316 stainless steel. 

7. Packing:  Non-asbestos material. 

8. Frame:  Cast iron, ASTM A48. 

9. Bearing housing:  Cast iron, ASTM A48. 

10. Baseplate: Steel or Cast iron, ASTM A48. 

B. PAC utility water booster pump: 

1. Pump volute: Cast iron, ASTM A48, Class 30  

2. Impeller: 304 or 316 Stainless Steel 

3. Shaft: 304 or 316 Stainless Steel 

4. Impeller wear rings:  304 Stainless steel, AISI 400 AISI 416. 

5. Shaft sleeve:  Stainless steel. 

6. Frame:  Cast iron, ASTM A48. 

7. Station Ring:  Silicon carbide. 

8. Rotating Ring: Silicon carbide. 

9. O-Rings: EPDM. 

10. Baseplate:  Cast iron, ASTM A48. 
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2.3 EQUIPMENT 

A. Performance and Configuration Requirements: 

1. Flash Mix Pumps: C-P-1, C-P-2, and C-P-3 

a. Design condition:  1500 gpm at 41FT TDH with minimum pump efficiency 

of 70 percent. 

b. Shutoff condition:  0 gpm at 70 FT TDH. 

c. Pump configuration:  Vertical 

d. Maximum pump speed:  1800 rpm. 

e. Nameplate driver horsepower: 25 HP. 

f. Drive type:  Constant speed. 

g. Drive configuration:  V-belt. 

h. Minimum solids passage:  3 IN DIA. 

i. Suction size 8 IN DIA minimum, discharge size 6 IN DIA minimum. 

j. Maximum net positive suction head required (NPSHR):  32 FT. 

 

2. Utility Water Booster Pumps: D-P-1 and D-P-2 

a. Design condition:  50 gpm at 140 FT TDH with minimum pump efficiency 

of 55 percent. 

b. Shutoff condition:  0 gpm at 170 FT TDH. 

c. Pump configuration:  Vertical 

d. Maximum pump speed:  3500 rpm. 

e. Nameplate driver horsepower: 3 HP. 

f. Drive type:  Constant speed. 

g. Suction size 3 IN DIA, discharge size 3 IN DIA. 

h. Maximum net positive suction head required (NPSHR):  9 FT. 

B. Provide pumps with net positive suction head requirements that are less than 

the available net positive suction head available at design condition specified. 

2.4 ACCESSORIES 

A. See Section 11060. 
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2.5 FABRICATION 

A. General: 

1. Pump casing strength to withstand 150 percent of shutoff head. 

2. Single suction non-clog type pump fabrication. 

3. Built-together units not acceptable. 

4. Fabricate casing for impeller removal without disturbing suction and 

discharge piping. 

5. Tap and plug openings for minimum 1/2-IN IPS suction and discharge gage 

connections. 

a. Tap in discharge nozzle shall serve as a vent when gage is not used. 

6. Provide volute and suction clean out hand hole. 

B. Suction and Discharge: 

1. ANSI Class 150, 150 LB rated flanged nozzles for suction and discharge 

C. Impeller: 

1. Two vane impeller with smooth water passages to minimize clogging. 

2. Secure to keyed shaft by stainless steel connector. 

3. Install replaceable type wear rings. 

4. Impeller adjustment (manufacturer's option): 

a. Alternate A: 

1) Replaceable case and impeller wear rings allowing a minimum of 1/4 

IN wearing surface. 

2) Impeller wear ring with a Brinell hardness of 190-220. 

3) Fronthead/casing wear ring with Brinell hardness of 300-350. 

b. Alternate B: 

1) Externally adjustable shims or jackscrews with locking device to take 

up impeller wear using split ring shims and to be installed at top 

bearing housing for vertical units. 

D. Shaft Seal: 

1. Provide stuffing box with integral cover. 
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2. Minimum five (5) rings of packing complete with seal cage and split-type 

gland. 

3. Provide space for conversion to mechanical seals at later date. 

4. Provide sealing/flushing liquid connection to stuffing box in convenient 

locations. 

E. Shafting and Sleeves: 

1. Size shaft to transmit full driver output. 

2. Accurately machine and construct shaft. 

3. Incorporate shaft sleeve (minimum Brinell hardness of 180) in stuffing box 

area to protect shaft from pumped liquid. 

4. Provide positive shaft seal between shaft sleeve and shaft for full length of 

sleeve. 

5. Fabricate shaft for maximum deflection of 0.002 IN measured at the stuffing 

box. 

6. For vertically configured units with extended shafts, provide shafting and 

appurtenances meeting these additional requirements: 

a. Designed for continuous 24 HR duty at all speeds within the pump 

operating range. 

b. Utilize vertical self-aligning couplings to connect shaft to pump and 

driver. 

c. Provide minimum one (1) intermediate bearing support. 

d. Furnish one (1) slip spline to allow endwise movement. 

e. Furnish all steady bearings and supports required for extended staff 

applications. 

f. Provide lubrication system for shafting which permits greasing from 

accessible locations. 

F. Bearings, Bearing Support, and Frame: 

1. Provide bearing housings complete with grease seals and provisions to 

preclude moisture and foreign matter from entering both ends of the frame. 

2. Tap 3/4 IN drain hole in frame to convey leakage from packing gland. 
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3. Supply bearings for a minimum ABMA L-10 life of 100,000 HRS at design 

condition. 

4. Furnish radial inboard bearings of either ball or roller type suitable to sustain 

all loads encountered in service conditions. 

5. Provide axial thrust outboard bearings of deep groove single or triple row 

ball type or angular contact double row ball type suitable for thrust loads in 

two (2) planes. 

G. Rotation: 

1. Pump rotation to conform with piping arrangement shown on Drawings. 

 

Vertical Multi-stage Centrifugal Pump 

A. The pumps shall be ANSI/NSF 61 approved for drinking water. 

B. The pumps shall be of the in-line vertical multi-stage design 

C. The head-capacity curve shall have a steady rise in head from maximum to 

minimum flow within the preferred operating region.  The shut-off head shall be 

a minimum of 20% higher than the head at the best efficiency point. 

D. The pump impellers shall be secured directly to the pump shaft by means of a 

splined shaft arrangement. 

E. The suction/discharge base shall have ANSI Class 250 flange or internal pipe 

thread (NPT) connections as determined by the pump station manufacturer. 

F. Shaft seal replacement shall be possible without removal of any pump 

components other than the coupling guard, shaft coupling and motor 
 

2.6 SOURCE QUALITY CONTROL 

A. All Pumps: 

1. Hydrostatically test volute at 150 percent of shut off head. 

a. Furnish documentation of test. 

B. Factory test one (1) pump of each service category: 

1. Measure head (FT) versus flow (gpm). 

2. Furnish characteristic curve and include efficiency and horsepower. 
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3. Certify curves by registered professional engineer. 

2.7 MAINTENANCE MATERIALS 

A. Extra Materials: 

1. Furnish Owner the following extra parts for each pump: 

a. Shaft sleeve:  One (1) each. 

b. Bearing sets:  One (1) set. 

c. Full gasket kits:  One (1) set. 

d. Packing:  Two (2) sets. 

PART 3 - EXECUTION 

3.1  INSTALLATION 

A. See Section 11060. 

3.2 FIELD QUALITY CONTROL 

A. See Section 11060. 

END OF SECTION
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SECTION 11063 

PUMPING EQUIPMENT:  SELF-PRIMING CENTRIFUGAL PUMPS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Self-priming centrifugal pumps- Lime Slurry Unloading Pumps 

B. Related Sections include but are not necessarily limited to: 

1. Section 01340 – Shop Drawings, Product Data and Samples. 

2. Section 11005 – Equipment: Basic Requirements. 

3. Section 11060 - Pumping Equipment: Basic Requirements. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Bearing Manufacturers Association (ABMA). 

2. American Iron and Steel Institute (AISI). 

3. ASTM International (ASTM). 

4. National Electrical Manufacturers Association (NEMA): 

5. National Fire Protection Agency (NFPA): 

a. 70, National Electrical Code (NEC). 

6. Underwriters Laboratories, Inc. (UL). 

1.03 SUBMITTALS 

A. Shop Drawings 

1. See Sections 01330 and 01340 for requirements for the mechanics and 
administration of the submittal process. 

2. Requirements in Section 11060. 
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B. Operation and Maintenance Manuals 

1. See Section 01782 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. See Section 01610. 

1.05 WARRANTY 

A. Provide manufacturers standard one year warranty from the date of substantial 
completion.  

1.06 SYSTEM DESRIPTION 

A. The pumping units specified herein will be used to off-load lime slurry from 
bulk delivery trucks at the chemical unloading stations. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Gorman Rupp. 

2. WEMCO. 

2.02 MATERIALS 

A. Lime Slurry Unloading Pumps:   

1. Pump volute casing: Cast iron, ASTM A48, Grade 30. 

2. Impeller: Cast iron, ASTM A48, Grade 30 or ductile iron, Grade 60-40-18. 

3. Cover plate: Cast iron, ASTM A48, Grade 30. 

4. Wear plate: Steel, AISI 1015 or cast iron, Grade 30. 

5. Shaft: Steel, AISI 4140. 

6. Shaft sleeves: Stainless steel, AISI 304. 
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2.03 EQUIPMENT 

A. Performance and Configuration Requirements: 

1. Performance Requirements 

a. Pump shall be designed for a hydrated lime slurry with a specific 
gravity of 1.33, a viscosity of 3,000 centipoise, and solids concentration 
of 35%.  

2. Design Requirements:  

a. Pump tag numbers: O-UP-2051, O-UP-2052 

b. Design flow: 150 gpm 

c. Design Total Dynamic Head (TDH): [] FT 

d. Design pump efficiency: 45 % 

e. Shutoff condition: 0 gpm at [] FT TDH 

f. Maximum pump speed: 1800 rpm 

g. Nameplate driver horsepower: [] 

h. Drive type: Constant speed 

i. Drive configuration: Vertical V-belt drive 

j. Minimum solids passage: 3 IN 

k. Suction nozzle size: [] IN DIA minimum 

l. Discharge nozzle size: [] IN DIA minimum. 

m. Total dynamic suction lift: -2 FT 

n. Net positive suction head available (NPSHA): 32 FT 

2.04 ACCESSORIES 

A. Provide mechanical shaft seal.  Shaft seal faces shall be tungsten titanium 
carbide.  Seal shall run in an oil chamber. 

B. Provide one automatic air release valve and vertical v-belt steel base for each 
pump. 
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C. Provide one 120/240 VAC casing heater for each pump. 

D. See Section 11060 for additional accessories. 

2.05 FABRICATION 

A. General 

1. Equip with removable cover plates allowing complete access to pump 
interior. 

2. Fit with replaceable wear plates. 

3. Assure entire rotating assembly including bearings, shaft seal, and 
impeller may be removed as a unit without disturbing pump volute or 
piping. 

B. Impeller 

1. Two-vane, semi-open, non-clog type with integral pump out vanes on the 
back shroud. 

2. Provide for external adjustment of the impeller to the wear plate.  
Clearance adjustment using only shaft, and not entire rotating assembly, 
is not acceptable. 

C. Shaft and Sleeve 

1. Size shaft to transmit full drive output. 

2. Accurately machine and construct shaft. 

3. Contain shaft within bearing pedestal of ample size to contain ball thrust 
bearing and radial bearing of adequate size to withstand all imposed 
loads. 

4. Incorporate shaft sleeve to protect shaft from pumped liquid. 

D. Bearings 

1. Oil lubricated. 

E. Rotation 

1. Pump rotation to conform with piping arrangement shown on Drawings. 
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2.06 SURFACE PREPARATION, FACTORY PRIME, AND FINISH PAINTING 

A. Surface Preparation 

1. Non-submerged components scheduled for painting shall be sand blast 
cleaned in accordance with SSPC-SP-6 prior to priming. Submerged 
components scheduled for painting shall be sandblasted in accordance 
with SSPC-SP-10 prior to priming. 

B. Factory Priming 

1. Surfaces shall be dry and free of dust, oil, and grease before priming. 

2. Non-submerged and submerged ferrous metals shall be sprayed with one 
coat of epoxy paint, 3 to 4 mils dry film thickness (DFT), Tnemec Series 
L140 or equal. 

C. Finish Painting 

1. Finish painting for submerged ferrous metals shall consist of two coats of 
epoxy paint, 6 to 8 mils DFT per coat, Tnemec Series L140 or equal. 

2. Finish painting for non-submerged, exterior metals shall consist of one 
coat of epoxy paint, 6 to 8 mils DFT, Tnemec Series 69 of equal and one 
coat of polyurethane paint, 2 to 3 mils DFT, Tnemec Series 73 or equal.   

D. Stainless steel, aluminum, packing glands, flexible connectors, and 
mechanical mating and bearing surfaces shall not be primed or painted. 

E. Submit colors samples for Owner selection of finish color. 

2.07 SOURCE QUALITY CONTROL 

A. Hydrostatically test and performance test pumps in accordance with 11060. 

2.08 MAINTENANCE MATERIALS 

A. Special Tools 

1. Furnish all special tools required for normal maintenance.  

B. Furnish the Owner the following extra parts for each pump service category: 

1. One spare rotating assembly, which includes shaft, seal, impeller, seal 
housing, bearings, and bearing housing. 
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PART 3: EXECUTION 

3.01 INSTALLATION 

A. Comply with requirements of Section 11005 and 11060. 

3.02 FIELD QUALITY CONTROL 

A. Provide Manufacturer’s Field Services as defined in Specification Section 
01665 to provide the following.  

1. Inspection, checking, and adjustment as required for equipment to 
function as warranted by manufacturer and necessary to provide written 
approval of installation.  

2. Revisiting the site as required to correct problems and until installation and 
operation are acceptable to Owner.  

3. Assistance during Demonstration Period functional and performance 
testing and until product acceptance by the Owner.  

B. VENDOR TRAINING  

1. See Section 01735 for vendor training requirements.  
 

END OF SECTION 
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SECTION 11065 

PUMPING EQUIPMENT:  SUMP PUMPS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Submersible Sump Pumps – Area 21North Lime Storage Area and Area 
26 South Lime Storage Area  

B. Related Sections include but are not necessarily limited to: 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 - General Requirements. 

3. Section 11005 – Equipment: General Requirements.  

4. Section 11060 - Pumping Equipment: Basic Requirements. 

1.02 SUBMITTALS 

A. Shop Drawings: 

1. See Section 01340 and 11005. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

B. Operation and Maintenance Manuals:  

1. See Section 01782. 

1.03 DELIVERY STORAGE AND HANDLING 

A. See Section 01610. 
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1.04 WARRANTY 

A. Provide manufacturer’s standard one year warranty from the date of 
substantial completion.  

PART 2: PRODUCTS 

2.01 ACCETPABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Hydromatic 

2. Barnes. 

3. Liberty 

4. Approved equal 

B. Submit requests for substitution in accordance with Specification Section 
01630. 

2.02 MATERIALS 

A. Pump Casing: Cast Iron, ASTM A-48, Class 25; factory powder coated  

B. Impeller: Cast iron 

C. Shaft:  Type 416 Stainless steel. 

D. Mechanical seal: carbon ceramic 

2.03 EQUIPMENT 

A. Performance and Configuration Requirements 

1. Pump Tag Nos. O-SP-03 and O-SP-04 (Area 21- North Lime Storage 
Area) 

a. Design flow: 60 gpm  

b. Design TDH: 19.5 ft 

c. Shut-off Head (Minimum): 24 ft 

d. Maximum pump speed: 1,725 rpm. 
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e. Maximum nameplate driver horsepower:  1/2 HP. 

f. Drive type: Constant speed. 

g. Power supply: 480 VAC, 60 Hz, 3 phase 

h. Minimum solids passage: 2 IN. 

i. Discharge Size and Connection: 2 IN NPT 

j. Control type: Control panel with automatic duplex capability  

2. Pump Tag Nos. O-SP-01 and O-SP-02 (Area 26 - South Lime Storage 
Area) 

a. Design flow: 60 gpm  

b. Design TDH: 19.5 ft 

c. Shut-off Head (Minimum): 24 ft 

d. Maximum pump speed: 1,725 rpm. 

e. Maximum nameplate driver horsepower: 1/2 HP. 

f. Drive type: Constant speed. 

g. Power supply: 480 VAC, 60 Hz, 3 phase 

h. Minimum solids passage:  2 IN. 

i. Discharge Size and Connection: 2 IN NPT 

j. Control type: Control panel with automatic duplex capability  

2.04 FABRICATION 

A. General: 

1. Oil filled 

B. Impeller: 

1. Semi-open. 

2. Key to pump shafts with same material as shaft. 

C. Shaft Seal: 
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1. Mechanical. 

D. Bearings: 

1. Single ball type 

E. Motor: 

1. Standard NEMA L design. 

2. Class B winding insulation. 

3. Three phase, 460 VAC, 60 Hz. 

2.05 ACCESSORIES 

A. Provide valves and accessories as shown on the Drawings. 

2.06 CONTROLS AND CONTROL PANELS 

A. Pump Tag Numbers O-SP-01, O-SP-02, O-SP-03 and O-SP-04. 
 

1. Provide each pair of sump pumps with a relay-logic type control panel. 
Panel shall allow simplex pump operation with manual starting of each 
pump and automatic shut-down of each pump with an integral wide-angle 
float switch. Control enclosure shall be NEMA 4X rated, Type 316 
stainless steel suitable for operation from a 480 VAC/3Ø/60 Hz power 
supply. Provide all appurtenances required for a complete and fully 
operational control panel. In addition to the requirements below, panels 
shall meet the panel construction requirements of Division 13 and 16. 
   

2. The control panel enclosure shall have the following door mounted 
equipment (at a minimum, See Drawings for additional requirements): 
 
a. Combination main disconnect switch and circuit breaker. 

 
b. System power WHITE indicator light. 

 
c. HAND-OFF selector switch for each pump. 

 
d. START and STOP pushbuttons for each pump. 

 
e. Pump “Running” RED indicator lamp for each pump. 

 
f. Pump “Stopped” GREEN indicator lamp for each pump. 

 
g. Pump “Fail” AMBER indicator lamp for each pump. 
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h. Elapsed operation time meters. 

 
i. Alarm horn. 

 
j. Beacon.  

 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Comply with requirements of Section 11005 and 11060. 

3.02 FIELD QUALITY CONTROL 

A. Provide Manufacturer’s Field Services as defined in Specification Section 
01665 to provide the following.  

1. Inspection, checking, and adjustment as required for equipment to 
function as warranted by manufacturer and necessary to provide written 
approval of installation.  

2. Revisiting the site as required to correct problems and until installation and 
operation are acceptable to Owner.  

3. Assistance during Demonstration Period functional and performance 
testing and until product acceptance by the Owner.  

B. VENDOR TRAINING  

1. See Section 01735 for vendor training requirements.  

END OF SECTION 
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SECTION 11077 

PUMPING EQUIPMENT:  SEAL-LESS MAGNETIC DRIVE PUMPS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Seal-less magnetic drive centrifugal pumps- Sodium Hydroxide (Caustic) 
Recirculation Pumps and Hydrofluorosilicic Acid Transfer Pumps. 

B. Related Sections include but are not necessarily limited to: 

1. Division 0 – Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 – General Requirements. 

3. Section  11005 – Equipment:  Basic Requirements. 

4. Section 11060 – Pumping Equipment:  Basic Requirements. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Anti-Friction Bearing Manufacturers Associations (AFBMA). 

2. American Iron and Steel Institute (AISI): 

a. Steel Products Manual. 

3. ASTM International (ASTM): 

a. A48, Standard Specifications for Gray Iron Castings. 

b. B584, Standard Specifications for Copper Alloy Sand Castings for 
General Applications. 

4. Hydraulic Institute Standards for Centrifugal Rotary and Reciprocating 
Pumps (HI). 

1.03 SUBMITTALS 

A. Shop Drawings: 
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1. All items as required in Sections 11005 and 11060. 

B. Operation and Maintenance Manuals: 

1. See Section 01782. 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. See Section 01610. 

1.05 WARRANTY 

A. Provide manufacturers standard one year warranty from the date of 
Substantial Completion as defined in Division 0. 

1.06 SYSTEM DESCRIPTION 

A. The caustic tank recirculation pumps specified herein shall be used to mix the 
contents of tanks I-T-3 and I-T-4 as shown on the Drawings. Existing pump 
starters and MCCs shall be re-used. Electrical contractor shall provide new 
pump local control pushbutton stations and pressure switches as shown on 
the Drawings.   

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Vanton Pump and Equipment Corp; Chem-Guard CGM  

2. Iwaki America Corp., MXM Series 

3. Sundyne Ansimag 

B. Submit request for substitution in accordance with Specifications Section 
01630. 

2.02 MATERIALS 

A. Chemical transfer pumps:  

1. Front and Rear Casing:   

a. Ductile iron with carbon fiber reinforced TFE (CFRETFE) liner 

b. Cast iron casing support with polypropylene casing 
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2. Magnets:  

a. Neodymium-iron boron 

b. Samarium cobalt 

3. Volute O-ring:  Viton/ FKM 

4. Impeller:   

a. CFRETFE  

b. CRF Tefzel 

5. Shaft:  Type 316 stainless steel encapsulated in thermoplastic 

6. Bearing Assemblies: as selected by pump manufacturer for chemicals of 
service noted herein 

7. Baseplates: Type 316 stainless steel  

8. Hardware:  Type 18-8 stainless steel or 316 stainless steel. 

9. Manufacturer to confirm all wetted materials are suitable for contact with 
the herein specified chemicals.  

2.03 EQUIPMENT 

A. Performance and Design Requirements 

1. Sodium Hydroxide (Caustic) Recirculation Pumps: 

a. No. of pumps: 2 

b. Pump tag No(s): I-MP-1, I-MP-2 

c. Design capacity (gpm): 60 

d. Design head (TDH-ft): 25 

e. Minimum pump efficiency at design point (%): 45 

f. Minimum pump shut-off head (ft): 42 

g. Minimum run-out capacity (gpm): 80 

h. Maximum run-out TDH (ft): 10 
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i. Maximum speed (rpm): 3,600 rpm 

j. Maximum motor nameplate horsepower requirement (Hp): 1.0 Hp 

k. Motor power supply: 480 VAC, 3Ph, 60 Hz 

l. Minimum net positive suction head available, NPSHA(ft): 28 

m. Solution concentration (%): 25  

2. Hydrofluorosilicic Acid Transfer Pumps: 

a. No. of pumps: 3 

b. Pump tag No(s): I-TP-7, I-TP-8, I-TP-9 

c. Design capacity (gpm): 20 

d. Design head (TDH-ft): 20 

e. Minimum pump efficiency at design point (%): 75 

f. Minimum pump shut-off head (ft): 30 

g. Minimum run-out capacity (gpm): 60 

h. Maximum speed: 1,800 rpm 

i. Maximum motor nameplate horsepower requirement: 1.5 

j. Motor power supply: 480 VAC, 3Ph, 60 Hz 

k. Minimum net positive suction head available, NPSHA(ft): 34 

l. Solution concentration (%): 23 

2.04 FABRICATION 

A. Fabricate pump case to withstand 50 psig or 200 percent of maximum 
working pressure specified by pump performance, whichever is greater.  

B. Statically and dynamically balance impellers per Hydraulic Institute 
Standards. 
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C. The units shall be configured such that the motor and drive magnet assembly 
can be disassembled from the impeller spindle, magnet housing and pump 
housing without the need to drain the wetted parts of the pump.  The pump 
housing shall be constructed with a thrust washer and spindle which receive 
the thrust associated with the operation of the impeller spindle. 

D. The manufacturer shall supply all motors and drives and factory mount them 
on a manufacturer’s common base plate with the pumps.  Pumps and pump 
bases shall have suitable provisions to collect leakage and permit it to be 
drained away.   

E. Motors shall be TEFC, chemical duty, 1.15 SF and meet all applicable 
requirements in Section 11005. 

2.05 SOURCE QUALITY CONTROL 

A. Pumping units shall be hydrostatically and performance factory tested per the 
requirements of Section 11060. 

2.06 MAINTENANCE MATERIALS 

A. Special Tools 

1. Furnish all special tools required for normal maintenance.  

B. Spare Parts (for each size pump provided): 

1. Furnish one set of manufacturer recommended spare parts for each pump 
size provided. 

2.07 FINISH PAINTING 

A. Manufacturer shall provide factory prime and finish paint system for all 
surfaces scheduled for painting.  System shall be manufacturer’s standard 
system, compatible with and resistant to the chemicals of service specified 
herein. 

B. Stainless steel, aluminum, packing glands, flexible connectors, and 
mechanical mating and bearing surfaces shall not be primed or painted. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Comply with requirements of Section 11005 and 11060. 
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3.02 FIELD QUALITY CONTROL 

A. Provide Manufacturer’s Field Services as defined in Specification Section 
01665 to provide the following.  

1. Inspection, checking, and adjustment as required for equipment to 
function as warranted by manufacturer and necessary to provide written 
approval of installation.  

2. Revisiting the site as required to correct problems and until installation and 
operation are acceptable to Owner.  

3. Assistance during Demonstration Period functional and performance 
testing and until product acceptance by the Owner.  

B. VENDOR TRAINING  

1. See Section 01735 for vendor training requirements.  
 

END OF SECTION 
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SECTION 11078 

PUMPING EQUIPMENT: DIAPHRAGM METERING PUMPS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Diaphragm metering pumps and accessories. 

a. Sodium Hydroxide Pumps 

b. Coagulant Polymer Pumps 

c. Aqueous Ammonia Pumps 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 0 – Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 – General Requirements. 

3. Section 11005 – Equipment: Basic Requirements. 

4. Section 11060 – Pumping Equipment: Basic Requirements. 

5. Division 13 – Instrumentation and Control. 

6. Division 16 – Electrical. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Gear Manufacturers Association (AGMA) 

2. American National Standards Institute (ANSI) 

3. American Society for Testing and Materials (ASTM): 

4. American Bearing Manufacturers Association (ABMA) 

5. National Electrical Manufacturers Association (NEMA) 
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B. Secure and coordinate entire system including but not necessarily limited to 
metering pumps, electric equipment, controls, hardware, valving, and piping 
through the metering pump manufacturer. 

1.03 SUBMITTALS 

A. Shop Drawings: 

1. All items as required in Sections 11005 and 11060. 

a. Pump: 

1) Chemical resistance data for materials used. 

2) Complete performance information: 

a) Capacity, operating range. 

b) Pressure rating. 

c) NPSH required. 

d) Stroke speed, length. 

e) Horsepower required. 

f) Plunger diameter. 

b. Accessories 

1) Cut-sheets and equipment data sheets for valves, piping, and other 
chemical feed system accessories.  

B. Operation and Maintenance Manuals: 

1. See Section 01782 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. See Section 01610. 
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1.05 WARRANTY 

A. Provide manufacturers standard one year warranty from the date of 
Substantial Completion as defined in Division 0. 

1.06 SYSTEM DESCRIPTION 

A. Sodium Hydroxide (Caustic) Pumps 

1. Sodium hydroxide pumps and accessories shall be mounted on existing 
pump tables as shown on the Drawings. Pumps shall have variable stroke 
frequency control and manual stroke length adjustment. Pumps will be 
used with new variable frequency drives mounted in existing common 
control panels as shown on the Drawings.    

B. Coagulant Polymer Pumps 

1. Coagulant Polymer pumps and accessories shall be mounted on existing 
pump tables as shown on the Drawings. Pumps shall have variable stroke 
frequency control and manual stroke length adjustment. Pumps will be 
used with new variable frequency drives mounted in existing common 
control panels as shown on the Drawings.   

C. Aqueous Ammonia Pumps 

1. Aqueous ammonia pumps and accessories shall be mounted on existing 
pump tables as shown on the Drawings. Pumps shall have variable stroke 
frequency control and manual stroke length adjustment. New pumps with 
new variable frequency drives will be installed as shown on the Drawings. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
Manufacturers are acceptable: 

1. Diaphragm Metering Pumps 

a. Wallace and Tiernan Encore 700 Series 

b. Pulsa Series by Pulsafeeder 

2. Pulsation Dampeners 

a. Blacoh 
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b. Approved equal 

3. Pressure Gauges 

a. Aschroft Series 1279 

b. Approved equal 

4. Diaphragm Seals 

a. Ashcroft Series 200 

b. Approved equal 

5. Calibration Columns 

a. Griffco Industries 

b. Primary Fluids 

c. Approved equal 

6. Pressure Relief and Back Pressure Valves 

a. Plast-O-Matic Valves, Inc. 

b. Primary Fluids 

c. Approved equal 

2.02 MATERIALS OF CONSTRUCTION 

A. Diaphragm Pumps 

1. Sodium Hydroxide (Caustic) Service 

a. Disc diaphragm:  PTFE faced elastomer, steel backing plate 

b. Valve housings:  Type 316 stainless steel 

c. Valve balls:  Type 316 stainless steel 

d. Valve seats:  Viton 

e. Seals:   PTFE 

f. Gearbox housing: Cast iron  
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g. Pump head:  Type 316 stainless steel 

2. Coagulant Polymer Service 

a. Disc diaphragm:  PTFE faced elastomer, steel backing plate 

b. Valve housings:  PVC 

c. Valve balls:  PTFE 

d. Valve seats:  Viton 

e. Seals:   PTFE 

f. Gearbox housing: Cast iron  

g. Pump head:  PVC 

3. Aqueous Ammonia Service 

a. Disc diaphragm:  PTFE faced elastomer, steel backing plate 

b. Valve housings:  PVC 

c. Valve balls:  PTFE 

d. Valve seats:  Viton 

e. Seals:   PTFE 

f. Gearbox housing: Cast iron  

g. Pump head:  PVC 

2.03 EQUIPMENT 

A. Performance and Design Requirements 

1. Pump Tag Numbers: C-FD-20, C-FD-22, C-FD-23 

a. Fluid service:    25 to 50% sodium hydroxide 

b. Number of pumps:   3 

c. Heads/unit:      1 

d. Max. capacity:      125 gph 
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e. Stroke length turndown ratio:  10:1 

f. Total turndown ratio:   100:1 

g. Minimum discharge pressure:   150 psi 

h. Maximum stroke rate:     144 strokes/min 

i. Drive nameplate HP:   0.75 

j. Maximum motor speed:   1,725 rpm 

k. Inlet/outlet pipe connection size: 1 IN NPT 

l. Drive type:    Variable speed  

m. Electrical requirements:    480 VAC, 60 Hz, 3 phase 

2. Pump Tag Nos. FD-8, FD-9, and FD-10 

a. Fluid service:    35% Cationic Polymer 

b. Number of pumps:   3 

c. Heads/unit:      1 

d. Max. capacity:      92 gph 

e. Stroke length turndown ratio:  10:1 

f. Total turndown ratio:   100:1 

g. Minimum discharge pressure:   200 psi 

h. Maximum stroke rate:     72 strokes/min 

i. Drive nameplate HP:   1 

j. Maximum motor speed:   1,800 rpm 

k. Inlet/outlet pipe connection size: 2 IN-inch NPT 

l. Drive type:    Variable speed  

m. Electrical requirements:    480 VAC, 60 Hz, 3 phase 

3. Pump Tag Nos. FD-11, FD-12, and FD-13 
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a. Fluid service:    35% Cationic Polymer 

b. Number of pumps:   3 

c. Heads/unit:      1 

d. Max. capacity:      46 gph 

e. Stroke length turndown ratio:  10:1 

f. Total turndown ratio:   100:1 

g. Minimum discharge pressure:   200 psi 

h. Maximum stroke rate:     36 strokes/min 

i. Drive nameplate HP:   1 

j. Maximum motor speed:   1,800 rpm 

k. Inlet/outlet pipe connection size: 2 IN-inch NPT 

l. Drive type:    Variable speed 

4. Pump Tag Nos. C-FD-10, C-FD-11, C-FD-14 and C-FD-15 

a. Fluid service:    19% - 29% Aqueous Ammonia 

b. Number of pumps:   4 

c. Heads/unit:      2 

d. Max. capacity:      40 gph 

e. Turndown ratio:    40:1 

f. Minimum discharge pressure:   120 psi 

g. Maximum stroke rate:     144 strokes/min 

h. Drive nameplate HP:   0.5 

i. Maximum motor speed:   1,725 rpm 

j. Inlet/outlet pipe connection size: 0.5 IN-inch NPT 

k. Drive type:    Variable speed 
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5. Pump Tag Nos. C-FD-12, C-FD-13, C-FD-16 and C-FD-17 

a. Fluid service:    19% - 29% Aqueous Ammonia 

b. Number of pumps:   4 

c. Heads/unit:      1 

d. Max. capacity:      40 gph 

e. Turndown ratio:    40:1 

f. Minimum discharge pressure:   120 psi 

g. Maximum stroke rate:     144 strokes/min 

h. Drive nameplate HP:   0.5 

i. Maximum motor speed:   1,725 rpm 

j. Inlet/outlet pipe connection size: 0.5 IN-inch NPT 

k. Drive type:    Variable speed 

2.04 FABRICATION: 

A. Pump: 

1. Hydraulically or mechanically actuated diaphragm type with full motion 
style drive. 

2. Ball-check inlet and outlet valves. 

3. Moving parts totally enclosed and self-lubricating. 

4. Complete external control with 10:1 minimum manual stroke length 
adjustment, adjustable while operating. 

5. Capable of operating dry without damage to any component. 

6. Repeatable accuracy:  1 percent of maximum output or better. 

7. Nameplate with capacity (gph) and pressure (psi) ratings, motor Hp, and 
other pertinent data. 

B. Drive: 

1. Motors: 
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a. TEFC, corrosion/severe duty rated, suitable for the herein specified 
power supply. SF of 1.15.  

b. Inverter duty rated for use with a VFD.  

c. See Specification Section 11005.  

2. Gearbox 

a. Worm gear with low friction gear design.  

C. Support: 

1. Mount pump and drive on common support plates. 

2. Fabricate to withstand all operating loads. 

3. Provide anchorage of support. 

2.05 PUMP AND SYSTEM ACCESSORIES 

A. Provide each accessory listed for each metering pump or as shown on 
Drawings: 

1. Calibration chamber: 

a. PVC, graduated in ml and gph; with vent 

b. Size (minimum 30 second draw-down test): 

1) Pumps up to 20 gph:  500 ml. 

2) Pumps 20 to 40 gph:  1,000 ml. 

3) Pumps above 40 gph:  4,000 ml. 

c. Include isolation ball valve  

2. Pressure relief valve: 

a. PVC or Kynar with TFE or hypalon with TFE facing diaphragm. 

b. External pressure setting. 

c. Sized for pump capacity. 

3. Back pressure valve: 
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a. PVC or Kynar with TFE or hypalon with TFE facing diaphragm. 

b. External pressure setting. 

c. Sized for pump capacity. 

4. Pulsation dampener: 

a. Design: Single diaphragm type 

b. Wetted components:  PVC. 

c. Sized for 5 percent variation from average pressure. 

d. Provide stainless steel pressure gage, 2.5 IN DIA dial, glycerine-filled 
and gas fill valve. 

5. Valves: 

a. Provide ball valves for all chemical services and a ball check valve on 
the discharge of each pump. Valves shall be as specified in Section 
15102.  

6. Leak detection device located in the pump head to detect diaphragm 
rupture. Leak detector shall be a conductivity type instrument suitable for a 
120 VAC, 60 Hz, single phase power supply. Enclosure shall be NEMA 3 
rated.   

7. Pressure Switch 

a. Provide pressure switch (integral to pressure gauge assembly 
specified herein) on discharge of pump that automatically shuts the 
pump down under a high pressure condition.  Incorporate into control 
schematic and provide wiring and conduit between the switch and 
control panel. Pressure switches shall be as specified in Division 13.   

8. Pressure Gauge and Seal 

a. Provide pressure gauge with diaphragm seal and isolation valve on 
discharge of each pump. 

b. Diaphragm top seal housings shall be Type 316 stainless steel, bottom 
housings shall be PVC. Diaphragm material PTFE for all services. 
Nuts, bolts and other hardware shall be Type 316 stainless steel. 
Space on instrument side of diaphragm shall be filled with inert fluid. 
Halocarbon shall be provided for all services with oxidizing agents 
(sodium hypochlorite, etcG), silicone for other services. 
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c. Isolation valves shall be the types as shown on the Drawings.  

d. Pressure gauges shall be 4.5 IN diameter, black phenolic case, Type 
316 stainless steel tube, with 0.5% accuracy of span.  

2.06 CONTROLS AND INSTRUMENTATION 

A. Sodium Hydroxide Pumps 

1. Pumps will be installed to replace existing pump units. The common 
control panels and variable frequency drives for the pumps will be re-used 
as shown on the Drawings.    

B. Coagulant Polymer Pumps 

1. Pumps will be installed to replace existing pump units. The common 
control panels and variable frequency drives for the pumps will be 
replaced as shown on the Drawings.    

C. Aqueous Ammonia Pumps 

1. Pumps and variable frequency drives will be installed to replace existing 
pump units. The common control panels for the pumps will be re-used as 
shown on the Drawings. 

2.07 SOURCE QUALITY CONTROL 

A. Each pump shall have a factory run-in test prior to shipment. 

2.08 MAINTENANCE MATERIALS 

A. Special Tools 

1. Provide one set of all special tools required for pump maintenance. 

B. Spare Parts: 

1. Provide the following spare parts for each metering pump: 

a. One (1) set "O" rings and gaskets. 

b. One (1) each diaphragm. 

c. One (1) set ball checks and seats. 

d. One (1) can hydraulic fluid (1 quart minimum). 

2.09 FINISH PAINTING 
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A. Manufacturer shall provide factory prime and finish paint system for all 
surfaces scheduled for painting.  System shall be manufacturer’s standard 
system, compatible with and resistant to the chemicals of service specified 
herein. 

B. Stainless steel, aluminum, packing glands, flexible connectors, and 
mechanical mating and bearing surfaces shall not be primed or painted. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Comply with requirements of Section 11005 and 11060. 

3.02 FIELD QUALITY CONTROL 

A. Provide Manufacturer’s Field Services as defined in Specification Section 
01665 to provide the following.  

1. Inspection, checking, and adjustment as required for equipment to 
function as warranted by manufacturer and necessary to provide written 
approval of installation.  

2. Revisiting the site as required to correct problems and until installation and 
operation are acceptable to Owner.  

3. Assistance during Demonstration Period functional and performance 
testing and until product acceptance by the Owner.  

B. VENDOR TRAINING  

1. See Section 01735 for vendor training requirements.  

END OF SECTION 
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SECTION 11080 

PUMPING EQUIPMENT:  HOSE PUMPS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Horizontal, positive displacement, peristaltic hose type pumps  

a. Lime Feed Pumps 

b. Powdered Activated Carbon (PAC) Slurry Feed Pumps. 

2. Related control panel with all required hardware and accessories. Refer to 
electrical drawings for additional information.  

B. Related Sections include but are not necessarily limited to: 

1. Division 00 – Bidding Requirements, Contact Forms, and Conditions of the 
Contract. 

2. Division 01 – General Requirements 

3. Section 11005 – Equipment: General Requirements 

4. Section 11060 – Pumping Equipment: Basic Requirements 

5. Division 13 – Special Construction 

6. Division 16 - Electrical 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Gear Manufacturers Association (AGMA) 

2. American National Standards Institute (ANSI) 

3. American Society for Testing and Materials (ASTM) 

a. A48, Standard Specification for Gray Iron Castings. 

b. A126, Gray Iron Castings for Valves Flanges, and Pipe Fittings. 
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4. American Bearing Manufacturers association (ABMA). 

1.03 SUBMITTALS 

A. Shop Drawings 

1. See Specification Section 01340 for requirements for the mechanics and 
administration of the submittal process. 

2. See requirements in Section 11005. 

3. Drawings and product data: 

a. Pump: 

1) Chemical resistance data for materials used. 

2) Complete performance information including performance data and 
curves for flow (gpm), head (FT), horsepower, and efficiency. 

3) Accessory information. 

4) Chemical feed system skid configurations. 

B. Operation and Maintenance Manuals: 

1. See Section 01782. 

1.04 DELIVERY STORAGE AND HANDLING 

A. See Section 01610. 

1.05 WARRANTY 

A. Pump manufacturer shall furnish to the Owner a warranty written expressly 
from the manufacturer to the Owner, covering workmanship, material, and 
performance deficiency under normal use and service.  The full warranty shall 
cover 100 percent of parts and labor for two full years.  Comply with Section 
01775. 

PART 2: PART 2: PRODUCTS  

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Hose Pumps: 
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a. Watson-Marlow/Bredel  

b. ProMinent DulcoFlex DFC/DFD Series 

2. Pulsation dampeners: 

a. Blacoh. 

b. Approved equal. 

3. Pressure gauges: 

a. Ashcroft Series 1079 

b. Approved equal 

4. Diaphragm seals: 

a. Red Valve. 

b. Approved equal. 

5. Calibration columns. 

a. Griffco Industries. 

b. Primary Fluids. 

c. Approved equal. 

6. Pressure relief and back pressure valves. 

a. Plast-O-Matic, Inc 

b. Primary Fluids 

c. Approved equal 

B. Submit requests for substation in accordance with Specification Section 
01630. 

2.02 MATERIALS 

A. Hose Pump: 

1. Pump body: Cast iron, ASTM A48, Class 25 or 40. 
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2. Pump Cover:  ASTM A245 GR 36 carbon steel; Plexiglas inspection 
window. 

3. Integral bearing:  Steel, minimum 125,000 psi yield strength. 

4. Shaft:  Steel SAE 1045, minimum 125,000 psi yield strength.   

5. Rotor Assembly: 

a. Rotor:  Cast iron, ASTM A48, Class 25 or 40. 

b. Shoe:  Polished aluminum. 

c. Shims:  Type 316 stainless steel. 

6. Connections: 

a. Flanges: Type 316 stainless steel 

b. Flange brackets: Type 316 stainless steel 

c. Wetted inserts: polypropylene 

7. Hose: 

a. Outer layer as recommended by pump supplier for each chemical of 
service 

b. Natural rubber inner wetted layer; verify wetter layer is compatible with 
pumped liquid. 

c. Burst rating:  660 psi 

d. 53 – 68 shore durometer. 

e. Lubricant: food grade glycerin/glycol blend 

8. Base:   Type 316 stainless steel. 

2.03 EQUIPMENT 

A. Performance and Configuration Requirements: 

1. Pump Tag Numbers: O-MP-01, O-MP-02, O-MP-03, and O-MP-04 
(Recirculation Pumps). 

a. Fluid service: 35% Lime Slurry 
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b. Number of pumps: 4 

c. Maximum capacity: 68 gpm 

d. Minimum turndown ratio: 100:1 

e. Minimum pump discharge pressure: 100 psig 

f. Maximum pump speed: 30 rpm 

g. Drive type: Constant speed 

h. Nameplate driver maximum horsepower 15 hp.  

i. Power supply:  480V, 3 phase, 60 Hz 

j. Inner Diameter pump Hose size:  As required by pump supplier. 

1) Model Numbers: 

a) Watson-Marlow Bredel 80 

b) ProMinent DulcoFlex DFD 100 

2. Pump Tag Numbers: I-FD-01, I-FD-02, I-FD-03. I-FD-04, I-FD-05, I-FD-06, 
and I-FD-07 (Feed Pumps). 

a. Fluid service: 35% Lime Slurry 

b. Number of pumps: 7 

c. Maximum capacity: 1.33 gpm 

d. Minimum turndown ratio: 100:1 

e. Minimum pump discharge pressure: 100 psig 

f. Maximum pump speed:  70 rpm 

g. Drive type: Variable speed 

h. Nameplate driver maximum horsepower: 1.0 hp 

i. Power supply:  480V, 3 phase, 60 Hz 

j. Inner Diameter pump hose size:  As required by pump supplier. 

k. Model Numbers: 
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a) Watson-Marlow Bredel 20 

b) ProMinent DulcoFlex DFC 30 

3. Pump Tag Numbers: D-FD-01, D-FD-02, D-FD-03. D-FD-04, D-FD-05, 
and D-FD-06 (Feed Pumps). 

a. Fluid service: 12% PAC Slurry 

b. Number of pumps: 6 

c. Maximum capacity: 6 gpm 

d. Minimum turndown ratio: 100:1 

e. Minimum pump discharge pressure: 100 psig 

f. Maximum pump speed:  120 rpm 

g. Drive type: Variable speed 

h. Nameplate driver maximum horsepower: 1.5 hp 

i. Power supply:  480V, 3 phase, 60 Hz 

j. Inner Diameter pump hose size:  As required by pump supplier. 

k. Model Numbers: 

a) Watson-Marlow SPX 32 

b) ProMinent DulcoFlex DFC  

2.04 FABRICATION 

A. General 

1. Capable of operation in either direction without flow variation. 

2. Intermittent operation. 

3. Capable of running dry without damage to pump or hose. 

4. Capable of pulling 95% of full vacuum. 

5. Repeatability within 1 percent accuracy. 

6. Provide pump head housing capable of rotation in 90-degree increments. 
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7. Valveless/glandless with no dynamic seals in contact with the pump 
product. 

B. Rotor Assembly 

1. Shoes shall have the ability to shim for compression adjustment. 

2. Mount Shoes 180 degrees apart. 

3. Shoes must be adjustable without removing housing cover or housing. 

4. Hose must be replaceable without removing pump from installed position. 

5. Fill approximately 50 percent of the pump housing with specified lubricant 
blend to provide cooling and lubrication. 

C. Bearings: 

1. Use antifriction type, minimum ABMA B-10 life of 40,000 hours at 
maximum operating speed and pressure. 

2.05 CONTROL PANELS  

A. General 

1. Provide a control panel for each group of hose pumps as shown on the 
Drawings. One common panel shall be provided for each group of pumps 
as follows: 

a. Pumps I-FD-05, -06, and -07  

b. Pumps I-FD-01, -02, -03, and -04 

c. Pumps O-MP-01 and O-MP-02 

d. Pumps O-MP-03 and O-MP-04 

e. Pumps D-FD-1, -2, and -3 

f. Pumps D-FD-4, -5, and -6 

2. Panels shall be suitable for a 480 VAC, 60 Hz, 3 phase power supply. 
Panel enclosure shall be NEMA 4X rated, constructed of Type 316 
stainless steel. Provide control power 480 VAC to 120 VAC transformer.  

3. Panels shall house the variable frequency drive (VFD) for the pump. 
Provide door mounted main power disconnect.  
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4. In addition to the requirements specified herein, panel construction shall 
meet the requirements of Division 13 and 16.  

B. Door Mounted Pushbuttons and Controls 

1. Provide the following door mounted controls and pushbuttons: 

a. VFD pushbutton control pad (speed control). 

b. Control power ON/OFF selector switch. 

c. Control power ON white indicator light. 

d. Pump Hand-Off-Auto (H-O-A) selector switch. 

e. Pump RUN green indicator light. 

f. Pump STOP red indicator light.  

g. Pump IN AUTO white indicator light. 

h. Pump emergency stop pushbutton. 

i. Pump hose leak alarm amber indicator light. 

j. Pump drive failure amber alarm indicator. 

k. Pump high discharge pressure amber alarm indicator. 

l. Pump run elapsed time meter. 

C. Panels shall be provided with the following remote dry contact outputs for 
communication with the plant SCADA system: 

1. Pump failure. 

2. Pump running. 

3. Pump VFD fault. 

4. Pump high pressure. 

5. Pump hose leak. 

6. Pump in hand. 
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D. Panels shall be provided with a 4 to 20 mA output signal proportional to pump 
speed. Panel shall be provided with a 4 to 20 mA input signal capability to 
receive a remote, flow proportional pump speed setpoint.     

E. Pumps shall shut-down in the event of a hose leak or high discharge pressure 
alarm in either HAND or AUTO mode.  

2.06 ACCESSORIES 

A. Provide the following accessories for each pump: 

1. Provide leak detection system to detect hose failure. 

2. If required, provide pulsation dampeners with isolation valve sized for 
pump capacity and medium pumped. 

3. Provide pressure gauge and high pressure switch with annular diaphragm 
seal for installation on the discharge piping of each pump. Seals shall be 
Red Valve Series 40W or equal by Onyx. Seal fill liquid shall be selected 
by the seal supplier and shall be compatible with the pumped medium. 
Gauges and switches shall be as specified in Section 13315.  

2.07 SOURCE QUALITY CONTROL 

A. Perform manufacturer’s standard factory pump test. Supply documentation of 
test. 

2.08 MAINTENANCE MATERIALS 

A. Supply additional hose or tubing (either individual lengths or one roll) for 
changing the hose or tubing in each pump provided at least 2 times. 

B. Provide on spare of any other materials or parts that require replacement 
more than once every 2 years under normal operating conditions. 

2.09 FINISH PAINTING 

A. Manufacturer shall provide factory prime and finish paint system for all 
surfaces scheduled for painting. System shall be manufacturer’s standard 
system, compatible with and resistant to the chemicals of service specified 
herein. 

B. Stainless steel, aluminum, packing glands, flexible connectors, and 
mechanical mating and bearing surfaces shall not be primed or painted.  
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PART 3: EXECUTION  

3.01 INSTALLATION 

A. Comply with requirements of Section 11005 and 11060. 

3.02 FIELD QUALITY CONTROL 

A. Provide Manufacturer’s Field Services as defined in Specification Section 
01665 to provide the following.  

1. Inspection, checking, and adjustment as required for equipment to 
function as warranted by manufacturer and necessary to provide written 
approval of installation.  

2. Revisiting the site as required to correct problems and until installation and 
operation are acceptable to Owner.  

3. Assistance during Demonstration Period functional and performance 
testing and until product acceptance by the Owner.  

B. VENDOR TRAINING  

1. See Section 01735 for vendor training requirements.  
 

 END OF SECTION 
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 Section 11320 
 
 DOUBLE DISC POSITIVE DISPLACEMENT PUMPS 
 
 
PART 1    G E N E R A L 
 
1.01 SECTION INCLUDES 
 

A. Double Disc Positive displacement pumps complete and operational with 
motors, control equipment, and accessories as shown and specified. 
 

B. Pumps shall be complete pump units consisting of pump, v-belt drive 
arrangement, motor, and all appurtenances completely assembled on a 
fabricated steel base and shall conform to the pump requirement described 
herein. 

 
C. Coordination: 

 
1. Review installation procedures under other Sections and coordinate 

with the Work related to this Section. 
 
2. Coordinate pumps, piping, valves, pipe supports and appurtenances 

with mechanical work as specified in Division 15, Mechanical. 
 

3. Coordinate pumps and motors with instrumentation and controls work 
as specified in Division 13, Special Construction. 

 
4. Coordinate pumps and motors with electrical work as specified in 

Division 16, Electrical. 
 
1.02 REFERENCES 
 

A. Reference Standards: Comply as a minimum with applicable provisions and 
recommendations of the following: 

 
1. American Bearing Manufacturers Association, (ABMA) 
 
2. American National Standards Institute (ANSI) 
 
3. American Society for Testing and Materials (ASTM) 

 
4. Anti-Friction Bearing Manufacturers Association (AFBMA) 

 
5. Hydraulic Institute (HI). 
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6. Institute of Electrical and Electronic Engineers (IEEE) 
 
7. National Electric Code (NEC) 
 
8. National Electrical Manufacturers Association (NEMA) 

 
1.03 PERFORMANCE REQUIREMENTS 
 

A. Furnish and install the double disc positive displacement pumps capable of 
handling water treatment plant thickened backwash sludge in accordance with 
these Specifications and as shown on the Drawings. 

 
B. All components shall be specifically constructed for the specified service 

conditions and shall be integrated into the overall equipment assembly by the 
double disc positive displacement pump manufacturer. 
 

C. The pump manufacturer shall review and approve or prepare all Shop 
Drawings and other submittals for all components furnished under this Section. 

 
1.04 SUBMITTALS 
 

A. Submit shop drawings and product data under provisions of Section 01330 - 
Submittal Procedures. 

 
B. Submit a list of not less than 5 installations where pumping equipment of the 

type and approximate size specified has been in successful operation for at 
least 5 years. 

 
C. Submit locations of the nearest permanent service headquarters of the pump 

and motor manufacturer for the size of pump and motor submitted. 
 
D. Submit descriptive literature, including a cross-sectional view of each pump 

and motor combination, which indicates materials of construction, weights, 
principal dimensions and other important details. 

 
E. Performance data and curves showing allowable suction lift, flow rate, head, 

brake horsepower, motor horsepower and speed.  Where variable speed units 
are specified, curves shall have at least five speeds plotted between maximum 
and minimum rpm. 
 

F. Setting drawings, templates, and directions for the installation of anchor bolts 
and other anchorages. 
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G. Drawings of control panels, furnished in accordance with the requirements of 
Section 13410, Instrumentation Control Systems and Field Devices. 

 
H. Manufacturer's Certifications: 

 
1. Submit manufacturer's certification that he has carefully examined the 

Contract Documents in detail, including the arrangement and conditions 
of proposed electrical, mechanical and structural systems affecting the 
performance of the pumping equipment units, and the detailed 
requirements of manufacturing and subsequent installation of the 
pumping equipment units. 

 
2. Submit manufacturer's certification that there are no omissions, 

ambiguities or conflicts in the Contract Documents or in the pumping 
station piping layout that affects the pumping unit, as shown on the 
Drawings, which have not already been clarified in writing. 

 
3. Submit manufacturer's certification that the running amperes of the 

motor will not exceed the nameplate rating of the motor under all 
expected operating conditions. 

 
4. Submit manufacturers certification that spare parts, seals, bearings, 

o-rings and power cable shall be available locally for models to be 
supplied. 

 
I. Factory Tests:  Submit 3 copies of certified test reports to the City Engineer for 

review. 
 

1. The pump manufacturer shall perform the following inspections and 
tests on each pump before shipment: 

 
a. Motor rating and electrical connections shall first be checked for 

compliance to the customer's purchase order. 
 
b. Hydrostatically test each pump casing to twice the discharge 

head or 50 psi, whichever is greater. 
 
c. Operate each pump assembly at the specified design service 

conditions. 
 
d. Results of the performance tests shall be shown on a plot of test 

curves for the pumping units showing head, flow, brake 
horsepower, net positive suction head required and pump 
efficiency.  Readings shall be taken at a minimum of six evenly 
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spaced points including shut-off, design point and the second 
and third point specified under the Service Conditions. 

 
e. Pump assembly shall be operated at specified service conditions.  

Pump test liquid shall be 68°F.  Vary pump design pressure in 
four equal decrements to zero psi.  Plot pump gpm and hp 
against pressure.  Curve of gpm versus pressure shall be smooth 
on decent.  Curve of hp versus pressure shall be straight while 
ascending. 

 
f. Record amperage draw for all test conditions. 
 
g. Pump Noise Test:  Pumps shall be tested for noise level.  A dBA 

level of greater than 85, five feet in all directions from the pump 
shall be cause for rejection. 

 
h. Each test shall be witnessed by a Registered Professional 

Engineer, who may be an employee of the manufacturer.  The 
Registered Professional Engineer shall sign and seal all copies of 
the curves and certify that the hydrostatic tests were performed. 

 
2. If tests do not meet performance specifications, Contractor shall correct 

deficiencies to provide the specified performance. 
 
3. A written report stating the foregoing steps have been done must be 

supplied with each pump at the time of shipment.  This report must be 
approved by the City Engineer prior to payment. 

 
J. Operation and Maintenance Data:  Submit operation and maintenance data 

under provisions of Section 01782 - Operations and Maintenance Data. 
 
1.05 QUALITY ASSURANCE 
 

A. All materials used shall be new, of high grade, and with properties best suited 
to the work required. 

 
B. Manufacturer's Qualifications: 

 
1. Pumping equipment provided under this Section shall be a standard 

product in regular production by manufacturers whose products have 
proven reliable in similar service for at least 5 years. 

 
2. Manufacturer shall satisfy the City Engineer that it is capable of the 

following: 
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a. Providing local factory trained personnel to service the pumps 
and allied equipment when needed within a 48 hour period. 

 
b. Providing all needed spare parts for the pumps within a 48-hour 

period. 
 

3. Provide a written manufacturer's certification that spare parts, seals, 
bearings, o-rings and power cable shall be available locally for models 
to be supplied. 

 
C. Coordination Responsibility 

 
1. In order to ensure equipment compatibility, one manufacturer shall be 

responsible for providing all double disc positive displacement pumping 
equipment, including pump and motor, access frame and guides. 

 
2. The Contractor shall name a pump manufacturer, who will have 

responsibility for the function of the complete system in accordance with 
the intent of these Specifications.  The named manufacturer shall be 
experienced in similar work. 

 
3. Contractor shall retain overall responsibility for equipment coordination, 

installation, testing and operation. 
 

D. Substitution.  The engineering design is based on a certain manufacturer's 
equipment.  If the Contractor's choice of equipment is approved but requires 
modifications to plant, equipment or piping for installation, the Contractor is 
responsible for submitting revised engineering design and drawings to make 
the proposed equipment compatible with the project, at no additional cost to the 
City. 

 
1.06 DELIVERY, STORAGE AND HANDLING 
 

A. Deliver equipment to site, all store and protect equipment under provisions of 
Section 01610 - Basic Product Requirement. 

 
B. Store all equipment off the ground in enclosed shelter. 
 
C. The pump cable end shall be sealed with a high quality protective covering to 

make it impervious to moisture or water seepage from submersion or other 
causes prior to electrical installation. 

 
1.07 EVALUATION AND SELECTION 
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A. The City reserves the right to select any equipment which is deemed to be in its 
best interest. 

 
1.08 WARRANTY 
 

A. Provide warranty under provisions of Section 01770 - Closeout Procedures. 
 
B. Pump manufacturer shall furnish to the City a warranty written expressly from 

the manufacturer to the City of Houston, covering workmanship and material 
for 5 years or 10,000 hours of operation under normal use and service.  The 
warranty shall cover 100 percent of parts and labor for at least one full year.  
The warranty period shall commence on the day of initial operation for City's 
beneficial use.  Warranty shall be in printed form and previously published as 
the manufacturer's Standard Warranty for all similar units manufactured.  
Pumps repaired under warranty will be returned to the job site freight pre-paid. 

 
1.09 MEASUREMENT AND PAYMENT 

 
A. No separate payment for materials furnished and installed or work performed 

under this Section.  Include cost in Contract price bid for work of which this is a 
component. 

 

PART 2    P R O D U C T S 
 
2.01 GENERAL OPERATING REQUIREMENTS 
 

A. General:  Equipment shall be designed to be suitable for the process and 
service conditions described below and in the Schedule of Service Conditions. 

 
1. Pumps shall be horizontal double disc positive displacement type 

capable of providing 1.07 gallons per revolution when operating at 60 
feet of total dynamic head.  The pumps shall be capable of operating dry 
for an indefinite period of time without damage.  The pumps shall be 
capable of self-priming up to 14 inches of Hg and 25 inches of Hg when 
fully primed. 
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B. Schedule of Service Conditions are as follows: 
      Raw Sludge Pumps 
 

Design Conditions Pump No. 1 Pump No. 2 
Equipment Tag: 1-DDP 2-DDP 
Number of Pumps: 1 1 
Location: Plant 3 Raw Sludge 

Pump Station 
Liquid Pumped: Raw Sludge 
Solids, (percent): 9 
Suction Head, (ft.): 60 60 
Suction Size, (in.): 6 6 
Discharge Size, (in.): 6 6 
Speed, (rpm): 300 300 
Design Capacity, (gpm): 300 300 
Design Head, (ft.): 72 72 
Drive: Single Single 
Motor, (Hp): 15 15 
Max NPSH Available, (ft) 60 60 
Min NPSH Available, (ft) 32 32 

 
       
2.02 ACCEPTABLE MANUFACTURERS 
 

A. Through shop drawing submittals, the following named manufacturers will be 
considered, provided the submitted equipment meets the specified 
requirements and system operating conditions: 

 
1. Simplex Double Disc Model 6DDSX107 as manufactured by Penn 

Valley Pump Co., Inc. of Warrington, Pennsylvania 
 
2. Or Approved Equal. 

 
B. Listing as an acceptable manufacturer will not relieve the manufacturer from 

conforming to Contract Specifications.  
 
2.03 PUMP CONSTRUCTION 
 

A. Pump Housing: 
 
1. Each pump shall be a simplex heavy duty, double disc positive 

displacement type pump with Class 30 Cast Iron Housings. 
 

2. The pump shall consist of three (3) housings horizontally split to allow 
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access to the internal components. 
 

3. The pump shall incorporate a repair-in-place hinged design that allows 
the pump to be serviced and internal wear parts replaced without 
removal of the pump from pump base, or the suction and discharge 
piping. 
 

4. The discharge housing shall contain the mounting lugs and be bolted 
directly to the mounting frame. 
 

5. The discharge, intermediate and suction housings shall incorporate an 
integral hinge design that allows the suction and intermediate housings 
to be lowered and removed. The hinges shall be connected with a quick 
release ball detent pin allowing for easy pin removal. 
 

6. The suction housing entry port shall be a two (2) piece design allowing 
for mounting of the suction connection in a 90 degree orientation. 
 
a. The suction housing opening shall be a full 6-inch diameter with a 

minimum opening of 28.26 square inches to minimize debris 
buildup and blockages. 
 

b. The clack valve seating surface shall be machined on the 
mounting face of the suction housing and integrally mounted to 
the housing to facilitate access and replacement. 
 

c. The clack valve shall be manufactured of neoprene construction 
with multiple layers of fabric encapsulating a rigid core and 
incorporate an integral O-ring seal for positive sealing. 
 

7. Each pump housing shall have a stainless steel nameplate attached 
with raised lettering indicating the manufacturer's model and serial 
number, rated capacity, head, speed and all other pertinent data. 

 
B. Flexible Discs: 

 
1. Each pump shall contain two (2) reciprocating flexible discs attached to 

high tensile aluminum connecting rods driven by a rotating eccentric 
shaft. 
 

2. The flexible discs shall be constructed of integral-type, high tensile 
neoprene with multiple layers of fabric for longevity and strength. 
 

3. Each flexible disc shall be mounted to the connecting rod by a stub shaft 
constructed of hardened high tensile stainless steel. 
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C. Pump Seal: 

 
1. Flexible trunnions shall seal the pump fluid chamber. 

 
2. The trunnion seal shall be constructed of fabric-reinforced neoprene 

capable of withstanding pressures from 0 to 110 PSI with a maximum 
operating pressure of 140 feet TDH. 

 
D. Drive Shaft: 

 
1. The drive assembly shall consist of two (2) aluminum modular pedestals 

designed to provide accurate bearing alignment, superior bearing 
loading and ease of assembly. 
 

2. The drive shaft shall be a minimum 1-15/16” diameter and capable of 
withstanding a dead head situation. 
 

3. The drive shaft shall be constructed of hardened 400 series high-tensile 
stainless steel and shall be mounted on four (4) self-aligning, sealed 
bearings. 
 

4. The eccentric cams shall be constructed of high tensile, cast bronze 
alloy and shall be pinned to the shaft by spirol drive pins for the 
absorption of reciprocating loads generated by the pumping action. 
 

5. All drive bearings shall be completely sealed type with no provisions for 
scheduled grease lubrication. 

 
6. Belt Drive Assembly: 

 
a. The V-belt drive assembly shall consist of a 2 or 3 groove Type B 

arrangement. 
 

b. The V-belt pulley ratios shall be sized to provide the specified 
maximum pump speed and torque generated between the pump 
and motor. 
 

7. Drive Assembly Guards and Covers: 
 
a. All pumps shall be provided with OSHA approved guards and 

covers.  The V-belt drive guard and pump drive assembly cover 
shall be manufactured from 304SS material. 

 
E. Pump Base: 
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1. Each pump and V-Belt assembly shall be mounted on a common 304SS 

side motor mount sub base. 
 

2. The base design shall have raised cross-members on the suction and 
discharge end to allow for complete wash-out and draining without 
trapping liquid. 
 

3. The sub base shall be manufactured from 2-1/2” 304SS square tubing 
and sufficiently gusseted, reinforced, and braced to withstand shock 
loads and resist wearing or buckling during pump operation.  Tubing 
ends shall be capped with black plastic plugs for neat appearance. 

 
F. Pulsation Dampeners: 

 
1. Pulsation dampeners shall be standard equipment provided on the 

suction and discharge lines. 
 

2. Pulsation dampeners shall be 6” ASA 150 lb. flanged units with the main 
tube 8 inches in diameter, SCH 40 carbon steel pipe, with fully welded 
end caps. 
 

3. Pulsation dampeners shall be pressure tested to 60 psi for leaks. 
 

4. Each pulsation dampener shall be provided with a 1-inch half coupling 
located at the top suitable for mounting a vacuum and pressure switch 
assembly. 
 

5. Each pulsation dampener shall be supplied with a 1 ½” NPT coupling 
and plug in the bottom to act as a drain/sample port. 
 

6. Bladder type and three-piece assembly pulsation dampeners using 
connecting rods and gaskets are not acceptable. 

 
G. Vacuum and Pressure Protection  

 
1. The pump manufacturer shall provide vacuum and discharge pressure 

sensors and switch assemblies to mount on the suction and discharge 
pulsation dampeners. 
 

2. The pressure sensors shall be a PVP420, Red Valve 42/742, 1-inch 
NPT isolation pressure sensor with SS316 body and EPDM elastomeric 
sensing tube. 
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3. The pressure gauge and switch shall be attached to the pressure sensor 
with SS316 fittings. 
 

4. The vacuum assembly shall be fitted with 2.5-inch stainless steel 
30-inch Hg – 30psi gauge and Ashcroft, or Barksdale adjustable 
vacuum switch set at 10-inch Hg. 
 

5. The discharge assembly shall be fitted with a 2.5-inch stainless steel 
0-60 psi pressure gauge and shall be fitted with Ashcroft, or Barksdale 
adjustable switch preset at 30 psi. 
 

6. The pressure gauge and switches shall be clean in place type using the 
process pressure through a SS316 isolation valve mounted to the top of 
the sensor.  The opposite end of the valve shall be fitted with a universal, 
quick acting coupling, suitable for compressed air to charge the 
dampener with compressed air. 

 
H. Pump Isolation Valves  

 
1. The pump manufacturer shall provide pump isolation valves. 

 
2. Pump isolation valves shall be TRU-TECH “Series 100” Diaphragm 

Valve, manufactured by TRU-TECH Valve LLC, Canonsburg, PA. 
 

3. The valve Body shall be unlined, ductile iron or cast iron conforming to 
ASTM A536, Gr. 65-45-12 or A126 Class B, with flanges drilled per 
ANSI B16.5 Class 150. 
 

4. The valve body shall be of the compact design, having a face to face 
dimension conforming to ASME / ANSI B16.10 Class 125 cast iron and 
Class 150 Cast Steel. 
 

5. The valve diaphragm shall be of fabric reinforced neoprene material with 
a precision cast metal compressor embedded into the diaphragm during 
the molding process. The diaphragm shall be attached to the 
compressor with two bolts to positively prevent pullout under severe 
vacuum conditions up to 27” of Mercury. 
 

6. The valve shall be of the rising stem type with adjustable limit stops and 
position indicators to provide visual indication of valve position. 
 

7. The valve shall be geared handwheel operated with the handwheel 
securely attached to the bushing or stem. The gear operator shall utilize 
ACME threads capable of providing a minimum of 10,000 cycles at full 
rated line pressure. 
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8. A ball, roller type, or Nylon thrust bearing shall be furnished for ease of 

operation. A grease fitting shall be furnished to lubricate the bearing 
without disassembling the valve. Valves that require packing shall not 
be acceptable. 
 

9. The valve shall insure 0% fugitive emissions and all mechanical wear 
parts shall be removable and replaceable without the removal of the 
valve body from the piping. 
 

10. The Valve shall be TGIC powder polyester coated on the interior and 
exterior for maximum corrosion protection. 
 

11. The Valve shall function to provide substantially unobstructed flow in the 
open position, throttle in the intermediate position and shut off bubble 
tight in the closed position. 

 
I. Motor  

 
1. Motors shall be a totally enclosed fan cooled motor with Class B 

insulation, with a maximum speed of 1,800 rpm. 
 
2. Motors shall be suitable for operation on 460 volt, 3 phase 60 Hz power. 
 
3. The motor shall be adequately sized to withstand the loads during 

starting and pump operation. 
 

4. The motor shall be a Baldor Super-E Severe Duty, premium efficient, 
inverter ready per NEMA STD MG1 Part 31.4.4.2 with epoxy coated cast 
iron frame. 

 
5. Provide space heaters, 120 volt, single phase. 
 
6. Motor shall have a 1.15 service factor, and shall comply with the latest 

ANSI, NEMA, ABMA and IEEE Standards as a minimum. 
 

7. Locked rotor current shall be as specified in NEMA standards. 
 

8. Motor thrust bearings shall be adequate to carry continuous thrust loads 
under all conditions of service, and shall have a minimum B-10 life of 
100,000 hours. 
 

9. Motors shall have a stainless steel nameplate which shall provide the 
following: Type, frame, insulation, class, HP, full load current, RPM, 
centigrade degree rise, manufacturer's name and serial number, model 
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number, voltage, locked rotor KVA code, bearing numbers and a 
connection diagram. 
 

10. Motor terminal boxes shall be oversized to provide adequate space for 
connections and shall be constructed of cast-iron or fabricated steel, 
neoprene gasketed and bolted.  Motor leads shall be permanently 
marked in agreement with the connection diagram. 
 

11. Motor Sensors 
 
a. Each pump motor shall be equipped with a minimum of three 

thermal sensors embedded in the stator windings and wired to 
the control panel for supplemental motor protection. 

 
12. Motors shall have built-in thermal overload protection. 

 
13. Motor Tests and Data. 

 
a. For each motor from one to ten horsepower in size, furnish an 

inspection report for the motor or for a previously manufactured 
electrically duplicate motor which was tested.  Provide the 
following minimum data: 
 
(1) Running light current. 

 
(2) Locked rotor current. 

 
(3) Winding resistance measurement. 

 
(4) High potential test. 

 
(5) Bearing inspection. 

 
J. Control Panel 

 
1. Furnish a common control panel for all pumps. 
 
2. Panel construction shall be NEMA 4X and shall conform to the 

applicable requirements of Section 13471, Control Cabinet Enclosures. 
 
3. Factory test control panel prior to shipment. 
 
4. Furnish a 120 volt, 3 phase, 60 Hz power feeder to the control panel.  

Include a main disconnect, transformer(s), and circuit breaker load 
center for all 120 volt panel power requirements. 
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5. Panel shall contain the following for each unit: 

 
a. "HAND/OFF/AUTOMATIC" selector switch for pump operation. 
 
b. One "LOCAL/REMOTE" selector switch for acceptance of a 

remote 4 to 20 mADC speed control signal. 
 
c. One red pilot light for pump "ON" status. 
 
d. One green pilot light for pump "OFF" status. 
 
e. Control relays, if required, to implement the control logic 

described below. 
 

f. A main 30A, two-pole disconnect switch with terminals for 
incoming 120 VAC, 60 Hz power. 

 
1. Pump Operation. 

 
a. In the "HAND" position, the pump will run continuously.  In the 

"AUTOMATIC" position, the pump will be started from a remote 
control station. 

 
2.04 TOOLS AND SPARE PARTS 
 

A. Furnish and deliver the following boxed and labeled: 
 

1. Two (2) Universal Disc, Neoprene. 
 

2. Two (2) Trunnion Seals, Neoprene. 
 

3. One (1) Suction Housing Gasket. 
 

4. One (1) Discharge Housing Gasket. 
 

5. One (1) Swan Neck Gasket. 
 

6. One (1) Clack Valve with Gasket and Retaining Screws, Neoprene. 
 

7. One (1) Set of V-Belts. 
 
B. Spare parts shall be packed in sturdy containers with clear indelible 

identification markings and shall be stored in a dry, warm location until 
transferred to the OWNER at the conclusion of the Project. 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements DOUBLE DISC 
WBS No. S-000056-0071-4 POSITIVE DISPLACEMENT PUMPS  
 

  
 11320-15 
 9-14-2015 

 
C. Manufacturer shall furnish a list of additional recommended spare parts for an 

operating period of one year.  The list shall describe each part, the quantity 
recommended, and the unit price of the part. 

 
2.05 BOLTS, STUDS AND NUTS 

 
A. All bolts, studs and nuts shall have American National form right-hand machine 

cut threads which shall be in conformity with the current ANSI B1.1, "Screw 
Threads", Coarse Thread Series, unless otherwise specified. 
 

B. Bolt heads and nuts shall be semi-finished and shall be in conformity with ANSI 
B18.2, "Wrench-Head Bolts and Nuts and Wrench Openings", Heavy Series, 
unless otherwise specified.  All nuts shall be hexagonal in shape. 
 

C. Anchor bolts, flange bolts, studs and nuts shall be Type 316 stainless steel in 
conformity with ASTM A276. 

 
2.06 SHOP PAINTING 
 

A. Pump motor size up to 100 HP. 
 

1. Pump Exterior: 
 

a. Pre-treatment. 
 
b. Primer.  One coat of alkyd resin primer, 1.6 mils minimum. 
 
c. Finish.  Chloric rubber paint, 2.4 mils minimum. 

 
2. Machine Finished Surfaces: 

 
a. Machined parts are cleaned to remove all dirt and grease. 
 
b. Cleaning is done so as not to affect primer or deteriorate 

adherence to finish paint. 
 
c. Storage and transport is carried out in such a way that rust attack 

on machined surfaces does not occur. 
 
d. At assembly, surfaces are coated with a corrosion preventive 

paint. 
 
PART 3    E X E C U T I O N 
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3.01 INSTALLATION 
 

A. Installation of the pumping equipment shall conform to the manufacturer's 
instructions and recommendations and reviewed shop drawings. 
 

B. Manufacturer's representative shall check and approve the installation prior to 
operation.  Manufacturer's representative shall field test and calibrate the 
equipment to assure that the system operates to the OWNER'S satisfaction. 
 

C. Install pumping units on concrete bases and secure with anchor bolts in 
accordance with the manufacturer's recommendations and as shown.  
Concrete bases shall be poured up to 1-inch below the metal bases or 
soleplates.  Concrete work and grout are specified in Division 03, Concrete.  
The base with the equipment mounted thereon, or the soleplate, shall then be 
accurately shimmed to grade and the spaces between filled with an approved 
non-shrink grout.  After the grout has reached its initial set, exposed edges 
shall be cut back 1/2-inch and the edges neatly finished with 1 to 2 cement 
mortar. 
 

D. Field Tests: 
 

1. All equipment will be given running tests by CONTRACTOR at the job 
Site following installation of the equipment and controls.  Should the 
tests indicate any malfunction, CONTRACTOR shall make any 
necessary repairs and adjustments.  Such tests and adjustments shall 
be repeated until, in the opinion of the ENGINEER, the installation is 
complete and the equipment is functioning properly and accurately, and 
is ready for permanent operation. 

 
2. A factory trained representative shall be provided for installation 

supervision, start-up and test services and operation and maintenance 
personnel training services. The representative shall make a minimum 
of 2 visits, minimum 8 hours on-Site for each visit, to the Site. The first 
visit shall be for assistance in the installation of equipment.  Subsequent 
visits shall be for checking the completed installation, start-up and 
training of the system.  Manufacturer’s representative shall test operate 
the system in the presence of the ENGINEER and verify that the 
equipment conforms to the requirements.  Representative shall revisit 
the Site as often as necessary until all trouble is corrected and the 
installation is entirely satisfactory 

 
E. Start-up Data:  Contractor shall complete and submit the start-up records and 

maintenance data sheets. 
 

END OF SECTION 
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SECTION 11373 

MIXERS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Vertical shaft mixers and accessories for the following systems; 

a. Lime System 

b. Flocculation Aid Polymer System 

c. Coagulant Aid Polymer System 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 0 – Bidding Requirements, Contract Forms, and Conditions of the 
Contract.  

2. Division 1 – General Requirements 

3. Section 11005 – Equipment: Basic Requirements 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Bearing Manufacturers Association (ABMA). 

2. American Gear Manufacturers Association (AGMA). 

a. 390.03a, Gear Handbook – Gear Classification, Materials and 
Measuring Methods for Bevel, Hypoid, Fine Pitch Wormgearing and 
Racks Only as Unassembled Gears. 

3. American Iron and Steel Institute (AISI). 

4. National Sanitation Foundation (NSF). 
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1.03 SYSTEM DESCRIPTION 

A. The lime tank mixers specified herein and the lime slurry bulk storage tanks 
specified in Section 13202 shall be coordinated, and supplied by a competent 
systems integrator. The systems integrator shall be regularly engaged in the 
business of assembling tanks and mixer systems. The integrator shall be 
responsible for ensuring that a complete functioning system is supplied and 
that all required internal tank baffles are located and installed to provide 
proper tank mixing.  

1.04 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01340 for requirements for the mechanics and 
administration of the submittal process.  

2. See requirements in Section 11005.  

3. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced.  

b. General: 

1) Materials. 

2) Parts. 

3) Accessories. 

4) Assembly. 

5) Installation. 

c. Mixers. 

1) Manufacturer. 

2) Type and Model. 

3) Accessories. 

4) Dimensions and net weight. 

5) Pumping capacity and water horsepower or delivered power. 
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6) Materials of construction. 

7) Mounting requirements and design forces: Torque and bending 
load. 

8) Disassembly procedure for impeller access. 

9) Calculations supporting all shaft and impeller design criteria (stress 
and critical speed). 

d. Drive units. 

1) Manufacturer. 

2) Type and model. 

3) Rated size. 

4) Temp rating and service factor. 

5) Dimensions and weight. 

6) Lubrication systems. 

e. Verification of bearing life. 
 

B. Operating and Maintenance Manuals 

1. The mechanics and administration of the submittal process, per Section 
01782.  

2. The content of Operation and Maintenance Manuals. 

1.05 DELIVERY STORAGE AND HANDLING 

A. See Section 01610. 

1.06 WARRANTY 

A. Provide manufacturer’s standard one year warranty from the date of 
substantial completion as defined in Division 0. 

1.07 SYSTEM DESCRIPTION 

A. Lime Slurry Tank Mixers  
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1. The lime tank mixers specified herein and the lime tanks in Section 13202 
shall be designed, coordinated, supplied by a competent systems 
integrator.  The systems integrator shall be regularly engaged in the 
business of designing and assembling tanks and tank-mounted mixer 
systems. The integrator shall be responsible for ensuring that a complete 
functioning system is supplied.  

B. Flocculation Aid Polymer Mixing Tank Mixers 

1. Portable clamp on mixer to keep the flocculation aid polymer blend in 
suspension in the aging tank. 

C. Coagulant Aid Polymer Tank Mixers  

1. The coagulant aid polymer tank mixers specified herein and the polymer 
tanks in Section 13201 shall be designed, coordinated, supplied by a 
competent systems integrator.  The systems integrator shall be regularly 
engaged in the business of designing and assembling tanks and stand-
mounted mixer systems. The integrator shall be responsible for ensuring 
that a complete functioning system is supplied.  

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable.  

1. Philadelphia Mixers 

2. Lightnin Mixers 

3. Hayward Gordon 

4. Chemineer 

2.02 MATERIALS 

A. Lime Slurry Mixers: 

1. Gear Housing: Cast iron or ductile iron 

2. Impeller shaft: Rubber coated carbon steel. 

3. Impellers: Rubber coated carbon steel. 

4. Pedestal: Cast iron or fabricated carbon steel  
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B. Flocculation Aid Polymer Mixers: 

1. Gear Housing: Cast iron  

2. Impeller shaft: 316 Stainless steel. 

3. Impellers: 316 Stainless steel. 

4. Pedestal: Cast iron or fabricated steel. 

C. Coagulant  Aid Polymer Mixers: 

1. Gear Housing: Cast iron  

2. Impeller shaft: 316 Stainless steel. 

3. Impellers: 316 Stainless steel. 

4. Pedestal: Cast iron or fabricated steel. 

2.03 EQUIPMENT 

A. Performance and Design Requirements 

1. Lime System 

a. Mixing Requirements 

1) Mixers shall be design to maintain lime slurry in suspension.  

2) Upon installation, Contractor shall run each unit to demonstrated its 
ability to operate without overloading, jamming or excessive 
vibration during normal operation while maintaining lime slurry in 
suspension. 

3) The basis of design is a lime slurry consisting of: 

a) 35% solids by weight. 

b) Slurry specific gravity of 1.33. 

c) Slurry viscosity of 3,000 cps. 

b. Lime Slurry Mixers: Tag No. I-MX-1 and I-MX-2 (Existing Tanks) 

1) Number of units: 2 

2) Number of impellers per mixer: 3 
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3) Minimum impeller diameter: 63 IN 

4) Maximum Motor HP: 10 HP  

5) Maximum Motor Speed: 1,200 rpm 

6) Mixer Rotating Speed: 30 to 45 rpm 

7) Minimum Shaft Diameter: 3.5 IN 

8) Approximate Shaft Length:  28.3 FT 

9) Drive Type: Single speed 

10) Mixer rotation viewed from driven end: Clockwise 

11) Motor/Gear Arrangement Type: Right angle or helical gear drive 

c. Lime Slurry Mixers: Tag No. I-MX-3 and I-MX-4 (New Tanks) 

1) Number of units: 2 

2) Number of impellers per mixer: 3 

3) Minimum impeller diameter: 58 IN 

4) Maximum Motor HP: 10 HP  

5) Maximum Motor Speed: 1,200 rpm 

6) Mixer Rotating Speed: 30 to 45 rpm 

7) Minimum Shaft Diameter: 5.5 IN 

8) Approximate Shaft Length:  27.5 FT 

9) Drive Type: Single speed 

10) Mixer rotation viewed from driven end: Clockwise 

11) Motor/Gear Arrangement Type: Right angle or helical gear drive 

2. Flocculation Aid Polymer System 

a. Mixing Requirements 

1) Mixers shall be design to maintain flocculation aid polymer mix in 
suspension.  
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2) Upon installation, Contractor shall run each unit to demonstrate its 
ability to operate without overloading, jamming or excessive 
vibration during normal operation while maintaining polymer blend 
in suspension. 

3) The basis of design is a polymer slurry consisting of: 

a) 35% solids by weight. 

b) Slurry specific gravity of 1.2. 

c) Slurry viscosity of 1,200 cps. 

b. Flocculation Aid Polymer Mixers: Tag No. C-DT-1 and C-DT-2 
(Existing Tanks) 

1) Number of units: 2 

2) Number of impellers per mixer: 1 

3) Minimum impeller diameter: 12 IN 

4) Maximum Motor HP: 1.5 HP  

5) Maximum Motor Speed: 1,200 rpm 

6) Mixer Rotating Speed: 30 to 45 rpm 

7) Minimum Shaft Diameter: 0.5 IN 

8) Approximate Shaft Length:  4 FT 

9) Drive Type: Single speed 

10)  Mixer rotation viewed from driven end: Clockwise 

11)  Motor/Gear Arrangement Type: Right angle or helical gear drive 

3. Coagulant Aid Polymer System 

a. Mixing Requirements 

1) Mixers shall be design to maintain flocculation aid polymer mix in 
suspension.  
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2) Upon installation, Contractor shall run each unit to demonstrate its 
ability to operate without overloading, jamming or excessive 
vibration during normal operation while maintaining polymer blend 
in suspension. 

3) The basis of design is polymer slurry consisting of: 

a) 35% solids by weight. 

b) Slurry specific gravity of 1.2. 

c) Slurry viscosity of 1,200 cps. 

b. Coagulant Aid Polymer Mixers: Tag No. C-DT-7 and C-DT-8 (New 
Tanks) 

1) Number of units: 2 

2) Number of impellers per mixer: 1 

3) Minimum impeller diameter: 12 IN 

4) Maximum Motor HP: 1.5 HP  

5) Maximum Motor Speed: 1,200 rpm 

6) Mixer Rotating Speed: 30 to 45 rpm 

7) Minimum Shaft Diameter: 0.5 IN 

8) Approximate Shaft Length:  4 FT 

9) Drive Type: Single speed 

10)  Mixer rotation viewed from driven end: Clockwise 

11)  Motor/Gear Arrangement Type: Right angle or helical gear drive 

2.04 FABRICATION  

A. Impellers: 

1. Axial flow basic design. 

2. Dynamically and hydraulically stable. 

3. Impellers shall be high-efficiency turbine design.  
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4. Impeller blades shall be bolted to a hub. The hub shall be fixed to the 
vertical shaft of the mixer with a hook key and set screws. 

5. The maximum combined stress in any impeller component shall not 
exceed 11,000 psi under maximum operating loads.  

6. The shaft/impeller design shall be such that its operating speed shall not 
exceed 65% of its first lateral critical speed. Stress and critical speed 
calculations supporting shaft and impeller design shall be submitted in 
accordance with the requirements of Specification Section 01330. 

B. Speed Reducer 

1. Thermal ratings shall be calculated for continuous operation per AGMA 
standards based on maximum temperature of 200o F and an ambient 
temperature of 100o F. 

2. Totally enclosed two piece cast iron design consisting of a base and 
cover, precision doweled to maintain accurate alignment.  

3. Service factor: 2.0 nameplate on motor. 

4. The reducer shall be a vertical parallel shaft design with speed reduction 
being accomplished by use of helical gearing with no les than 98.5% 
efficiency per gear mesh.  

5. The maximum ratio fir any one gear set within the reducer shall be no 
greater than: 5:1. 

6. Gearing shall be lubricated by means of oil splash or immersion into the oil 
bath. Lubricants must comply with NSF requirements for potable water 
service.  

7. Drives shall be equipped with a dipstick and/or an oil level sight glass to 
check the oil level.  

8. Drives shall incorporate a drywell feature in the output area to eliminate 
the possibility of oil leakage down the shaft.  

9. Bearing design: 

a. Antifriction type, ball or roller. 

b. The output shaft shall employ a three bearing support system, two 
taper roller bearings and a lower self-aligning double row spherical 
roller bearing to provide a wide bearing span for mixer from the low 
speed gear mesh.  
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c. All bearings within the drive, including the output shaft bearings, shall 
have a minimum L-10 life of 100,000 hours where operating at full 
motor nameplate horsepower at he designed speed.  

C. Coupling: 

1. Rigid flange on output shaft located for ease of access 

2. Welded or interference fit hub type 

3. Mated coupling faces provided with rabbeted male and female piloted 
connection. 

4. Shaft shall be designed such that the maximum combined stress does not 
exceed 9,000 psi under maximum operating loads. 

5. Coupling shall be an overhung design. The use of submerged steady 
bearings is not permitted.  

6. Shaft straightness and rigid coupling squareness must be such that the 
maximum total indicated runout at the lower end of the shaft does not 
exceed 0.125 IN for every 10 FT of shafting as measured when turning by 
hand.  

D. Motor: 

1. TEFC, chemical duty, rated for 480 VAC, 3 PH, 60 Hz power supply, 
meeting all requirements of 11005. 

2. Rated for continuous duty in a humid corrosive environment. 

3. Insulation shall be Class F with a Class B temperature rise at 40o C 
ambient at 1.0 service factor. Service factor shall be 1.15. 

4. Motor shall be squirrel cage induction type designed in accordance with 
applicable IEEEE, NEMA, and ANSI standards. 

5. Motors shall be connected to the reducer’s input shaft with an easily 
accessible torsionally resilient flexible coupling protected by an OSHA 
coupling guard. 

E. Mixer mount: 

1. Lime Mixers 

a. Tanks I-T-1 and I-T-2 (Existing Tanks) 
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1) Contractor shall provide the existing tank information (opening 
diameter, mixer mounting arrangement, etc…) to the mixer 
manufacturer. . 

b. Tanks I-T-3 and I-T-4 (New Tanks) 

1) Contractor shall coordinate required dimensions of mount support 
angles with the lime slurry tank manufacturer (Section 13202). 

2.  Flocculation Aid Polymer Mixers 

a. Tanks C-DT-1 and C-DT-2 (Existing Tanks) 

1) Contractor shall provide the existing tank information (opening 
diameter, mixer mounting arrangement, etc…) to the mixer 
manufacturer. 

2) Mixer shall be of portable/clamp mount or fixed mount type. 
Contractor shall coordinate with the mixer manufacturer on the 
required mount support angles and accessories to mount the mixer 
to the tanks. 

3. Coagulant Aid Polymer Mixers 

a. Tanks C-DT-7 and C-DT-8 (New Tanks) 

1) Contractor shall coordinate required dimensions of mount support 
frame with the coagulant day tank manufacturer (Section 13201). 

2.05 SOURCE QUALITY CONTROL 

A. Perform manufacturer’s standard run-in test at factory prior to shipment.  

2.06 SURFACE PREPARATION AND SHOP PRIME PAINTING 

A. General 

1. All welds shall be thoroughly cleaned and ground smooth in preparation 
for painting. All iron and steel surfaces, except motors and speed 
reducers, shall be solvent cleaned in accordance with SSPC-SP1 before 
shop primer is applied.   

2. All iron and steel surfaces, except motor, speed reducers, sprockets, drive 
chains, and stainless steel shall be given a shop coat of the 
manufacturer’s standard run inhibitive primer.  

B. Impellers and Mixer Shaft 
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1. Impellers shall be coated with soft rubber (3/16 IN minimum) with an 
additional wear strip along the leading edges of the blade.   

PART 3: EXECUTION  

3.01 INSTALLATION 

A. Comply with requirements of Section 11005 and 11060. 

3.02 FIELD QUALITY CONTROL 

A. Provide Manufacturer’s Field Services as defined in Specification Section 
01665 to provide the following.  

1. Inspection, checking, and adjustment as required for equipment to 
function as warranted by manufacturer and necessary to provide written 
approval of installation.  

2. Revisiting the site as required to correct problems and until installation and 
operation are acceptable to Owner.  

3. Assistance during Demonstration Period functional and performance 
testing and until product acceptance by the Owner.  

B. VENDOR TRAINING  

1. See Section 01735 for vendor training requirements.  

 
END OF SECTION 
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SECTION 11925 

POLYMER BLENDING AND FEED EQUIPMENT 

PART 1: GENERAL 

1.01 SUMMARY 

A. Polymer Blend Units and accessories for the following systems; 

1. Coagulant Aid Polymer System 

2. Flocculation Aid Polymer System 

3. Filter Aid Polymer System 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 0 – Bidding Requirements, Contract Forms, and Conditions of the 
Contract.  

2. Division 1 – General Requirements 

3. Section 11005 – Equipment: Basic Requirements 

4. Section 11060 – Pumping Equipment: Basic Requirements 

5. Division 13 – Special Construction 

6. Division 16 - Electrical 

1.02 SYSTEM DESCRIPTION 

A. Equipment included with the polymer system includes 

1. Single Motor Mixing Chamber or hydrodynamic 

2. Dilution water controls 

3. Diaphragm, Peristaltic or Progressive Cavity Neat polymer pump 

4. System Controls 

5. System Accessories  

B. The polymer system shall be a complete skid mounted system including all 
interconnecting piping and wiring. 
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C. Should equipment of a different type, size, weight or design of equipment, 
which otherwise differs from that specified herein or shown on the Drawings, 
be offered and determined to be the equal of that specified, such equipment 
shall be acceptable only on the basis that any revisions in the design and/or 
construction of the structure, piping, appurtenant equipment, electrical work, 
etc., required to accommodate such a substitution shall be made at no 
additional cost to the Owner, shall be the responsibility of the Contractor and 
shall be approved by the Engineer. 

1.03 QUALITY ASSURANCE 

A. The latest published edition of a reference shall be applicable to this Project 
unless identified by a specific edition date. 

B. All reference amendments adopted prior to the effective date of this Contract 
shall be applicable to this Project. 

C. All materials, installation and workmanship shall comply with the applicable 
requirements and standards addressed within the following references: 

1. American National Standard Institute (ANSI) 

2. Occupational Safety and Health Administration (OSHA) 

3. National Electrical Manufacturers Association (NEMA) 

4. National Electrical Code (NEC) 

5. Where reference is made to one of the above standards, the revision in 
effect at the time of bid opening shall apply. 

1.04 SUBMITTALS 

A. Shop Drawings  

1. See Specification Section 01340 for requirements for the mechanics and 
administration of the submittal process. 

2. See requirements in Section 11005. 

3. Drawings and product data: 

1) Chemical resistance data for materials used. 

2) Complete performance information including performance data and 
curves for flow (gpm), head (FT), horsepower, and efficiency. 

3) Accessory information. 
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4) Chemical feed system skid configurations. 

B. Operation and Maintenance Manuals: 

1. Operation and Maintenance Manuals. Provide complete operation and 
maintenance manuals for all equipment, in accordance with the 
requirements of Section01770, Closeout Procedures. 

1.05 DELIVERY STORAGE AND HANDLING 

A. See Section 01610. 

1.06 WARRANTY 

A. Manufacturer shall have minimum five years’ experience in manufacturing 
polymer activation and feed systems.  

B. Manufacturer shall furnish to the Owner a warranty written expressly from the 
manufacturer to the Owner, covering workmanship, material, and 
performance deficiency under normal use and service.  Comply with Section 
01775. 

1.07 QUALITY ASSURANCE 

A. All equipment provided under this section shall be obtained from a single 
supplier or manufacturer who shall assume full responsibility for the 
completeness and proper installation of the polymer activation and feed 
system. 

B. The polymer activation and feed system must be assembled and tested by 
the manufacturer at its facility and be a standard regularly marketed product 
of that manufacturer. The manufacturer shall have overall unit responsibility 
and  must have a physical plant, technical and design staff and fabricating 
personnel to complete the work specified. 

C. Prior to shipment the system shall be inspected for quality of construction 
verifying all fasteners and fittings are tight, all wires are secure and 
connection whisker-free. The system shall be tested under pressure for a 
minimum of one hour at 100 psi. If leaks are found they shall be fixed and a 
new test shall be conducted for one hour at 100 psi until the  system is 
verified to be leak free. 
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PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. ProMinent Fluid Controls, Inc 

2. Polyblend 

3. Approved Equal system by Fluid Dynamics. 

B. Submit requests for substation in accordance with Specification Section 
01630. 

2.02 SYSTEM DESCRIPTION 

A. True Multi-Zone Mixing Chamber 

1. Polymer and water shall be mixed in a chamber designed to create 
sufficient mixing energy. 

a. The mixing chamber shall contain a minimum of two distinct chambers. 
Single mixing chamber designs are not acceptable. 

b. The design shall include a motor-driven impeller that will create high 
fluid sheer at point of polymer and water introduction or hydrodynamic 
mixing chamber. 

c. Polymer solution shall undergo a tapered mixing intensity slope as it 
exits the initial sheer zone and passes through a second, and third 
mixing zones isolated by baffles.  

d. Each chamber shall contain Polymer activation efficiency consistent 
over the entire dilution water range. 

2. If required by manufacturer’s design, Impellers shall be driven by a 1 HP 
maximum wash-down duty motor. 

a. Motor shall be TEFC.  

b. Impeller speed shall be 1730 rpm, minimum.  

c. Motor shall be direct-coupled to impeller shafts. 

B. Dilution Water Control 
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1. Dilution water shall be split into two streams or single stream, depending 
on the manufacturer’s design. Primary water flow shall supply the mixing 
chamber.  Secondary water flow shall be used to post dilute the activated 
polymer stream to desired feed concentration. 

a. These two streams shall be completely blended by an integrated static 
mixer prior to application injection point. 

2. Unit shall have an electric solenoid valve for on/off control of total dilution 
water flow.  Controls for the solenoid valve shall be factory 
installed/included in the polymer control system. 

3. Flow indicators and flow control valves shall be provided for the dilution 
water stream.  

4. The primary dilution water rotameter shall include a flow switch to sense 
loss of dilution water flow. 

5. Unit shall include a transparent static mixer, if required by the 
manufacturer, in the solution discharge line. 

C. Injection valve 

1. The polymer injection valve shall be easily removed via a twist-lock 
connection for routine maintenance needs.  Injection valves installed via a 
threaded connection shall not be acceptable. Injection valves that are 
installed inside the mixing chamber, or which require mixing chamber 
disassembly for servicing will not be accepted. 

2. The valve shall be easily disassembled with basic hand tools for cleaning 
during maintenance.  

3. The injection valve shall be sealed into the chamber top with two o-rings 
and shall have been tested while installed in the system to maintain the 
pressure specified in Section 2.03. 

D. Neat Polymer Metering Pump  

1. Unit shall have one neat polymer metering pump.  Pumps shall be either a 
positive displacement diaphragm type, peristaltic tubing type or 
progressive cavity design.   Gear pumps shall not be acceptable. Pumps 
shall be supplied per the following 

a. Diaphragm Metering Pump 
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1) The polymer pump shall be a microprocessor controlled solenoid 
driven diaphragm metering pump feeding emulsion polymers with 
viscosities up to 40,000 cps.  All pump functions shall be accessible 
via an illuminated LCD screen and a membrane style keypad. 

2) The pump shall be programmable so that the stroking speeds can 
be modified to accommodate various polymer viscosities. 

3) Polymer pump shall accept a 4-20mA signal for speed control. 
Pump will also accept a 0-10 VDC or pulse input for speed control. 

4) The pump shall be equipped with a fault annunciating relay which 
will be monitored by the system controller. 

5) The pump shall supply a Pump Running feedback signal which will 
be monitored by the system controller. 

6) In the case of a diaphragm pump installation the system shall have 
the provision to mount the neat polymer pump in either a flooded 
suction or suction lift configuration depending on the application 
requirements. 

b. Progressive Cavity Pump 

 
1) The system shall include a progressive cavity polymer metering 

pump for feeding emulsion polymers with viscosities up to 
40,000 cps. 

2) Pump material of construction shall have a Viton stator and 
316ss rotor encased in a 316SS shaft.  

3) Pump shall include a local frequency inverter drive assembly. 
Systems utilizing external drive assemblies shall not be 
allowed. 

4) Pump assembly shall include an external pressure relief valve 
and pressure gauge assembly. 

c. Calibration cylinder 

1)  A suitably sized calibration cylinder shall be supplied for the neat 
polymer feed pump.  Cylinder shall be mounted to frame with PVC 
isolation ball valves.  Cylinder shall be calibrated in mL, and be 
constructed of clear PVC with slip on cap and ½ inch NPT vent 
connection. 
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2.03 EQUIPMENT 

A. Performance and Configuration Requirements: 

1. Polymer Blend Unit Tag Numbers: C-PBW-14 and C-PBW-15 

a. Fluid Service: 20% cationic polymer (Coagulant Aid) 

b. Number of Units: 2 

c. Maximum Rated Neat Polymer Feed: 24 gph 

d. Maximum Polymer Solution Feed Rate: 1,500 gph 

e. Maximum System Operating Pressure: 100 psig 

f. Dilution Water Flow: up to 1,500 gph 

g. Dilution water inlet, 1-1/2” FNPT 

h. Neat polymer inlet, 1" FNPT 

i. Solution discharge, 1-1/2” FNPT 

j. Nameplate maximum horsepower: 0.5 hp 

k. Power Supply: 220 Volt, 1 Phase, 60 Hz, 20 Amps 

2. Polymer Blend Unit Tag Numbers: C-PB-2 

a. Fluid Service: 28% anionic polymer (Flocculation Aid) 

b. Number of Units: 1 

c. Maximum Rated Neat Polymer Feed: 6.2 gph 

d. Maximum Polymer Solution Feed Rate: 1,500 gph 

e. Maximum System Operating Pressure: 100 psig 

f. Dilution Water Flow: up to 1,500 gph 

g. Dilution water inlet, 1-1/2” FNPT 

h. Neat polymer inlet, 1" FNPT 

i. Solution discharge, 1-1/2” FNPT 

j. Nameplate maximum horsepower: 0.5 hp 
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k. Power Supply: 120 Volt, 1 Phase, 60 Hz, 20 Amps 

3. Polymer Blend Unit Tag Numbers: L-PB-1 and L-PB-2 

a. Fluid Service: 28% anionic polymer (Filter Aid) 

b. Number of Units: 3 

c. Maximum Rated Neat Polymer Feed: 0.22 gph 

d. Maximum Polymer Solution Feed Rate: 100 gph 

e. Maximum System Operating Pressure: 100 psig 

f. Dilution Water Flow: up to 100 gph 

g. Dilution water inlet, 3/4” FNPT 

h. Neat polymer inlet, 1/2" FNPT 

i. Solution discharge, 3/4” FNPT 

j. Nameplate maximum horsepower: 0.5 hp 

k. Power Supply: 220 Volt, 1 Phase, 60 Hz, 20 Amps 

2.04 FABRICATION 

A. Materials of Construction 

1. 304 Stainless Steel Welded Frame 

2. Plumbing – PVC 

3. Mixing chamber – PVC or 304 stainless steel.  

B. Pressure Rating – The mixing chamber shall be rated for a minimum of 100 
psig operating pressure and shall have a maximum design pressure of 150 
psig. 

2.05 CONTROL PANELS 

1. The unit shall include system controls housed in a Nema 4X 
polycarbonate enclosure 
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2. The system shall be controlled through an On-Off-Remote circuit 
controlled by a three-position switch and a two position switch that will 
determine the source (Local or Remote) for the controlling 4-20mA signal. 
The controls shall include a menu driven LCD display to allow for custom 
configuration of the system. 

a. When the On-Off-Remote switch is in the Remote switch position, the 
unit shall accept a run signal. Unit is manually controlled in the On 
position. 

b. The system shall accept a 4-20 mA analog signal to pace the polymer 
metering pump. 

c. The unit shall provide hand or remote status indication via dry contact 
output. 

d. The unit shall provide a running status indication via dry contact output.  

e. A dilution water flow sensor shall detect the loss of water flow.  Upon 
sensing that water flow has been interrupted for any reason, the 
controller will place the polymer pump and mix chamber on standby 
and will restart it automatically when flow is restored.  

f. The systems shall incorporate automatic chamber flush controls that 
will be initiated upon system shut down.  Timing for flush and the ability 
to disable the flush cycle shall be part of the custom programming 
options.  The system shall also allow the ability to manually initiate a 
chamber flush cycle. 

g. The controller shall offer the ability to adjust the following control 
parameters 

1) Chamber water flush time 

2) Wait for dilution water flow time 

3) Calibration and scaling of the incoming control 4-20mA signal 

4) Calibration of the outgoing 4-20mA signal 

5) Fail state due to the loss of the incoming control 4-20mA signal 
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PART 3: EXECUTION 

3.01 INSTALLATION 

A. Installation shall meet or exceed all applicable federal, state and local 
requirements, referenced standards and conform to codes and ordinances of 
authorities having jurisdiction. 

B. The equipment shall be installed per the contract documents and 
manufacturer’s recommendations. 

1. Provide a manufacturer’s certificate showing the equipment has been 
satisfactorily calibrated and tested. 

2. An authorized manufacturer’s representative shall inspect the installation 
of all work furnished under this section and shall provide a certificate of 
proper installation. 

3.02 FIELD QUALITY CONTROL 

A. Provide Manufacturer’s Field Services as defined in Specification Section 
01665 to provide the following.  

1. Inspection, checking, and adjustment as required for equipment to 
function as warranted by manufacturer and necessary to provide written 
approval of installation.  

2. Revisiting the site as required to correct problems and until installation and 
operation are acceptable to Owner.  

3. Assistance during Demonstration Period functional and performance 
testing and until product acceptance by the Owner.  

3.03 VENDOR TRAINING  

1. See Section 01735 for vendor training requirements.  
 

 

END OF SECTION 
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SECTION 13121 

METAL BUILDING SYSTEMS (CANOPIES) 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Metal building system: 

a. Building system design. 

b. Materials. 

c. Fabrication. 

d. Shipment. 

e. Erection of building system. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 0 - Contract Forms, and Conditions of the Contract. 

2. Division 1 - General Requirements. 

3. Division 3 - Concrete. 

4. Division 7 – Thermal and Moisture Protection. 

5. Section 09905 - Painting and Protective Coatings. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Architectural Manufacturers Association (AAMA): 

a. 621, Voluntary Specifications for High Performance Organic Coatings 
on Coil Coated Architectural Hot Dipped Galvanized (HDG) and Zinc-
Aluminum Coated Steel Substrates. 

2. American Institute of Steel Construction (AISC): 
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a. 303, Code of Standard Practice for Steel Buildings and Bridges 
(referred to herein as AISC Code of Standard Practice). 

3. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A307, Standard Specification for Carbon Steel Bolts and Studs, 60,000 
PSI Tensile Strength. 

c. A325, Standard Specification for Structural Bolts, Steel, Heat Treated, 
120/105 ksi Minimum Tensile Strength. 

d. A490, Standard Specification for Heat Treated Steel Structural Bolts, 
150 ksi Minimum Tensile Strength. 

e. A792, Standard Specification for Steel Sheet, 55% Aluminum-Zinc 
Alloy-Coated by the Hot-Dip Process. 

f. C991, Standard Specification for Flexible Fibrous Glass Insulation for 
Metal Buildings. 

g. E84, Standard Test Method for Surface Burning Characteristics of 
Building Materials. 

4. American Welding Society (AWS): 

a. D1.1, Structural Welding Code - Steel. 

5. Metal Building Manufacturer's Association (MBMA): 

a. Low Rise Building Systems Manual. 

6. Research Council on Structural Connections (RCSC): 

a. Specification for Structural Joints Using ASTM A325 or ASTM A490 
Bolts, referred to herein as Specification for Structural Joints. 

7. Steel Structures Painting Council/NACE International (SSPC/NACE). 

a. SP 6/NACE No. 3, Commercial Blast Cleaning. 

8. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2006 Edition 
including all amendments, referred to herein as Building Code. 
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B. Qualifications: 

1. Manufacturer's qualifications: 

a. Manufacturer must be member in good standing of the MBMA. 

b. Manufacturer must be an AISC Quality Certified Fabricator in the 
category of Metal Building Systems (MB). 

2. Erector qualification: 

a. Erector (installer) must be approved in writing by metal building 
manufacturer. 

b. Erector must have minimum of 10 years current experience in erection 
of similar structures. 

3. Manufacturer's Structural Engineer:  Registered in the state where project 
is located. 

1.03 DEFINITIONS 

A. Code:  The word "code" refers to the Building Code 

B. Installer, or Erector: 

1. Installer or erector is the person actually installing, erecting or applying the 
product in the field at the Project site. 

2. Installer or erector are synonymous. 

C. PVDF:  Polyvinylidene fluoride. 

1. Nomenclature as listed in Bibliography of the MBMA Low Rise Building 
Systems Manual. 

1.04 SYSTEM DESCRIPTION 

A. Canopies shall be non-insulated, rigid frame type with monoslope type roof. 

1. Provide cross bracing or portal frames in the side walls perpendicular to 
the rigid frames as indicated in the drawings. 

1.05 SUBMITTALS 

A. Shop Drawings: 
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1. See Specification Section 01340 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's technical reference manual containing all of the 
manufacturer's standard construction details and specifications. 

1) Manufacturer's erection manual containing all details and methods 
for installation of building frame, roof system, wall system, and 
accessories. 

2) Edit to mark out items not used for this installation. 

c. Structural calculations stamped and signed by a professional Structural 
Engineer licensed in the State where Project is located. 

1) Include list of design loads and loads transmitted to foundation 
through columns or walls and location where loads occur. 

2) Submit calculations for information only. 

3. Fabrication drawings: 

a. List of all design loads and combination of loads. 

1) Governing reaction for use in foundation design to be clearly 
indicated. 

b. Size and location of each component of the building. 

1) Include clearance under structural framing members. 

2) Include cross-section of components. 

c. Fasteners and details of fasteners connecting each component of the 
building. 

d. Size, location and details of anchor bolts, base plates, and all other 
components fastened to the foundation. 

e. Details of facia panels, roof panels, finishes, flashings, closures, 
closure strips, trim, gutters, downspouts, calking, and all other 
miscellaneous components. 
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B. Samples: 

1. Metal color and finish samples of roof and wall panels, roof trim, wall trim, 
and interior liner panel colors for Engineer's selection. 

a. Color to match standing seam roofing supplied elsewhere on project 
including use of premium colors as required. 

2. Color chart is not acceptable. 

C. Operation and Maintenance Manuals: 

1. See Specification Section 01340. 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

D. Miscellaneous Submittals: 

1. Manufacturer's and Erector's Qualifications. 

2. Manufacturer's approval of erector. 

1.06 WARRANTY 

A. Manufacturer's standard warranty. 

B. Manufacturer's 20 year warranty for factory applied PVDF coating system  
against blistering, chipping, cracking, peeling, or color fading of wall and roof 
panels. 

C. Manufacturer's 20 year weather tightness warranty of roof assembly. 

1. Calculate warranty at $1.00 per SF of roof panel area over the life of the 
warranty. 

D. Provide notice of any exceptions taken to warranties. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Metal building systems: 
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a. Butler Building Systems. 

b. Ceco Building Systems. 

c. Steelox Building Systems. 

d. Star Building Systems. 

B. Submit request for substitution in accordance with Specification Section 
01630. 

2.02 MATERIALS 

A. Structural Members:  Galvanized  steel. 

B. Anchor Bolts: 

1. ASTM A307, ASTM A36, or equal, galvanized steel. 

2. Embedment details to be developed by Engineer upon receipt of anchor 
bolt and loading information for approved Shop Drawings from building 
manufacturer. 

C. Fasteners: 

1. Building frame, girts, and purlins:  Galvanized ASTM A325 or ASTM A307 
bolts. 

2. Roof and wall panels:  Stainless steel. 

3. Miscellaneous fasteners:  Corrosion resistant. 

D. Roof and Wall Panels:  Steel. 

E. Gutters and Downspouts:  Same material as wall panels Aluminum. 

F. Grout:  See Division 3. 

G. Closures:  Neoprene. 

H. Calking and Sealants:  See Division 7. 

I. Trim:  Same material as wall or roof panel. 

2.03 ACCESSORIES 

A. Framed Openings: 
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1. Roofs: 

a. Provide all necessary roof subframing to support roof mounted 
equipment and to frame roof penetrations. 

1) Material gage to be determined by metal building manufacturer for 
size of equipment or opening. 

b. Location of roof mounted equipment and/or roof or wall opening as 
shown on the Drawings. 

c. Purlins, angles, clips: 

1) Steel: 

a) Galvanized, ASTM A123, Grade 85. 

b) Factory applied prime coat per Specification Section 09905. 

2) Metal building manufacturer responsible for providing correct size 
of opening for penetration scheduled, shown or specified. 

B. Gutters and Downspouts: 

1. Size: 

a. Size to match gutters and downspouts elsewhere on project. 

2. Minimum 24 GA steel. 

3. Corrosion protection treatment and final finish same as roof panels. 

4. Expansion joints:  150 FT maximum spacing but not less than 1 per side 
of building requiring gutters. 

5. Locate/arrange downspouts to avoid drainage on sidewalks, landings, 
stoops, driveways, etc. 

C. Roof Penetration Flashing (Maximum 13 IN DIA): 

1. Flashing material:  EPDM rubber with an aluminum sealing ring base. 

2. Minimum projection above the weather surface of the roof:  8 IN. 

3. Configuration of the flanges to match the roof panel. 
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2.04 BUILDING DESIGN CRITERIA 

A. Critical Dimensions: 

1. Roof slope:  As indicated on the Drawings. 

2. Provide minimum clear height as indicated on the drawings. 

B. Building Foundation: 

1. All footings, foundations, anchor bolts and piers have been designed 
based on assumed loadings and reactions. 

a. Member sizes and geometry may vary depending on the building being 
supplied. 

b. Do not construct these members until Engineer has verified design 
with approved Shop Drawings of metal building being supplied. 

C. Modifications: 

1. Buildings which vary dimensionally from those indicated may be bid 
providing: 

a. Minimum interior horizontal dimensions and clear heights are 
maintained. 

b. Foundation re-design and construction costs are included in Bid. 

2. Building dimension changes in either horizontal or vertical direction 
resulting in either 10 percent change of envelope volume or lighting height 
or spacing shall be addressed by incorporating any necessary changes to 
mechanical or electrical systems or any other building component 
impacted, at no additional cost to Owner. 

a. Design changes must be approved by Engineer prior to constructing 
changed item or system. 

b. Does not apply to structural member sizes. 

3. Contractor is responsible for incorporating any necessary changes to 
foundations, mechanical, or electrical systems or to any other building 
component. 

a. Design changes must be approved by Engineer prior to constructing 
changed item or system. 
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4. Itemize modifications in a separate attachment to the bid form and include 
all modifications in the bid price. 

5. Completed building to be free of excessive noise from wind induced 
vibrations under ordinary weather conditions to be encountered at location 
of erection, and meet all specified design requirements listed below. 

D. Roof Live Loads:  See drawings. 

1. As per the building code. 

E. Snow Loads: 

1. See drawings for ground snow load requirements. 

F. Wind Loads: 

1. See drawings for criteria governing wind load calculation. 

G. Seismic (Earthquake) Loads: 

1. See drawings for criteria governing earthquake load calculation. 

H. Auxiliary Loads:  

1. Contractor shall coordinate and account for any additional appurtenant 
loads not shown on drawings. 

I. Combination of Loads: 

1. The combining of dead, live, wind, seismic and auxiliary loads for design 
purposes shall be set forth in the Building Code, unless otherwise 
specified. 

2. Horizontal sway deflection of building due to combination of required 
design loads:  H/180 (max). 

3. Deflection of purlins and secondary members not to exceed L/180 of its 
span when supporting applicable vertical live, dead, and auxiliary loads. 

2.05 FABRICATION 

A. General: 

1. Fabricate building structure, roof and facia panels, accessories and trim in 
accordance with requirements of AISC and MBMA. 
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2. Provide all necessary clips, flashing angles, caps, channels, closures, 
bases and any other miscellaneous trim required for complete water and 
airtight installation. 

a. Provide an inside closure at the base of all corrugated panels and an 
outside closure at the top of all corrugated panels in addition to all 
other closure strips required. 

1) Form closure strips to fit the corrugation of the metal panels and 
securely support in place. 

2) Closure strips shall fit between corrugated panels and trim or 
flashing as required to completely fill all gaps. 

b. Provide flashing at all intersections of facia panels and roof panels, 
and above all openings in facia and roof panels, in addition to all other 
flashing required. 

1) Form flashing: 

2) To completely contain water on the outside of the canopy. 

a) To be watertight and securely fastened in place. 

c. Provide calking at all edges where metal panel trim or flashing is 
adjacent to the foundation of the building in addition to all other calking 
required. 

1) Securely adhere calk material to the foundation and the metal 
panels trim or flashing. 

3. Fabricate and prepare material for shipment knocked down. 

4. Factory punch frame to receive all fasteners. 

5. Finishes: 

a. Clean ferrous surfaces of oil, grease, loose rust, loose mill scale, and 
other foreign substances. 

1) Clean all primary and secondary structural steel members, not 
noted as being galvanized, in accordance with SSPC SP 6/NACE 
No. 3. 

b. All structural components shall have primer paint coats applied in the 
shop and finish coats applied in the field. 
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1) Shop paint, prime and finish coats, all surfaces which will be 
inaccessible after erection. 

2) Paint in accordance with Specification Section 09905. 

3) Paint surfaces of all components not exposed to view. 

4) Manufacturer's standard shop applied primer is not acceptable as 
substitute for primer specified. 

c. Facia and roof panels: 

1) Exterior surface: 

a) Thermosetting fluoropolymer resin enamel. 

(1) Minimum 70 percent "KYNAR" resin. 

b) Meet requirements of AAMA 621-02. 

c) FM Class 1 rated. 

d) Exposed screw heads shall match color of panel. 

e) Color to match standing seam roof used at other buildings. 

2) Interior surface: 

a) Same finish as exterior surface. 

B. Roof Panels: 

1. 24 GA minimum, galvalume per ASTM A792. 

2. Standing seam interlocking rib configuration. 

3. Factory applied color coating. 

4. Meet requirements of AAMA 621-02. 

5. Length:  Sufficient to cover entire length of any unbroken roof slope up to 
40 FT. 

6. Panel width:  per manufacturer. 

7. Profile:  per manufacturer. 

8. Panel depth:  per manufacturer. 
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C. Facia Panels: 

1. 26 GA minimum, galvalume per ASTM A792. 

2. Factory applied color coating. 

3. Meet requirements of AAMA 621-02. 

4. Panel width:  per manufacturer. 

5. Profile:  per manufacturer. 

6. Panel depth:  per manufacturer. 

2.06 SOURCE QUALITY CONTROL 

A. Testing: 

1. Employ and pay for the services of a qualified independent testing agency 
to inspect and test all structural steel work for compliance with Contract 
Documents. 

2. Independent testing agency shall have a minimum of five (5) years 
performing similar work and shall be subject to Owner's approval. 

B. Responsibilities of Testing Agency: 

1. Inspect field welding in accordance with AWS D1.1, Section 6 including 
the following non-destructive testing: 

a. Visually inspect all welds. 

b. Test 50 percent of full penetration welds and 10 percent of fillet welds 
with liquid dye penetrant. 

c. Test 20 percent of full penetration welds with ultrasonic or radiographic 
testing. 

2. Inspect high-strength bolting in accordance with the RCSC Specification 
for Structural Joints, Section 9. 

a. Inspect while work is in progress. 

3. Inspect structural steel which has been erected. 

4. Prepare and submit test reports to Engineer. 
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a. Assist Engineer to determine corrective measures necessary for 
defective work. 

2.07 MAINTENANCE MATERIALS 

A. Provide 4 OZ of touch up paint for each color provided on the building. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

1. Install tolerances in accordance with AISC Code of Standard Practice. 

a. Install products straight without bowing, sagging, or warping. 

2. Install all fasteners. 

3. Install base plates on grout bed. 

a. Grout bed to be 1 IN thick unless noted otherwise on the Drawings. 

B. Separate the roof support member from the roof panel, except at each 
concealed structural fastener, with a spacer of material having a density of 
not less than 2 pcf and, if of a combustible material, having a flame spread 
rating no greater than 25. 

C. Fasten roof panels to purlins or secondary support members in accordance 
with manufacturer's recommendations. 

D. Install facia panels to supporting structure with exposed fasteners. 

1. Finish of fasteners to match panel finish. 

E. Install  trim and other miscellaneous items in accordance with manufacturer's 
instructions and details. 

3.02 ADJUSTING AND CLEANING 

A. Touch up paint any scratched factory finished surfaces or remove and replace 
as directed by Engineer. 

B. Remove and replace any damaged wall or roof panels, frames, etc., as 
directed by Engineer. 

 

13121-13 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
  Bid Package 2 – Plant 1-2 Improvements 
METAL BUILDING SYSTEMS (CANOPIES) WBS No. S-000056-0071-4  

 
END OF SECTION 
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SECTION 13201 

PLASTIC CHEMICAL STORAGE TANKS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Fiberglass reinforced plastic (FRP) and polyethylene chemical storage 
tanks for the following systems: 

a. Hydrofluorosilicic Acid Day Tank   

b. Coagulant Aid Polymer Storage Day Tanks   

B. Related Specification Sections include but are not necessary limited to: 

1. Division 00 – Bidding Requirements, Contract Forms, and Conditions of 
the Contract. 

2. Division 01 – General Requirements. 

3. Section 11005 – Equipment: Basic Requirements. 

4. Section 13315 – Instrumentation and Controls - Products 

5. Section 15060 – Pipe and Pipe Fittings: Basic Requirements. 

6. Section 15100 – Valves: Basic Requirements. 

1.02 QUALITY ASSURANCE 

A. Reference Standards: 

1. ASTM International (ASTM): 

2. Occupational, Health and Safety Administration (OHSA) 

B. Qualifications: 

1. Manufacturer shall be regularly engaged in the manufacturer of bulk 
storage facilities for not less than 5 years. 
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2. Structural design shall be accomplished by a structural engineer 
registered in the State of Texas.  

1.03 SYSTEM DESCRIPTION 

A. Tank fittings and accessories furnished hereunder shall be installed at the 
location and in the space provided as shown on the drawings.  

B. All bulk chemical storage tanks are located outdoors with full sun exposure. 
All day tanks are located indoors.   

1.04 SUBMITTALS 

A. Submittals shall be in accordance with Section 01340 and shall include: 

1. Shop drawings. 

a. Shop drawing information shall include critical dimensions, fitting 
locations, construction materials, and approved chemical storage.  

b. The Manufacturer's literature shall include a description of construction 
of tank walls, fittings, and quality control procedures for in plant 
inspection of the tank during construction. Chemical resistance charts 
shall be by the Tank Manufacturer and based upon the Tank 
Manufacturer's data. 

c. Tank Manufacturer shall submit assurance that field repair service can 
be offered and that the Tank Manufacturer has a representative that 
works in the project area. 

d. Submittal data shall be in such form and so presented that the 
Engineer may readily review the data. 

e. The Manufacturer shall submit a list of ten similar installations which 
have been in satisfactory operation for at least three years. 

B. Operation and Maintenance  

a. See Section 01782.  

1.05 DELIVERY AND STORAGE 

A. See Section 01610. 
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1.06 WARRANTY 

A. All tanks and associated equipment and appurtenances shall be guaranteed 
against defects in material and workmanship for a period of two years from 
the date of substantial completion of the project. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable. 

1. FRP Tanks: 

a. Diamond Fiberglass 

b. Augusta Fiberglass 

c. Belco 

d. Ershigs 

e. Enduro 

2. Polyethylene Tanks 

a. Poly Processing Co. 

b. Snyder Industries 

c. Assmann 

d. Approved equal 

B. Submit request for substitution in accordance with Specification Section 
01630. 

2.02 DESIGN REQUIREMENTS 

A. General 

1. Seismic Design Category A 
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2. Wind Load: 110 mph 

3. Concentrated Top Load Limit: 1,000 lbs @ 10 psi 

4. Uplift (for tanks sitting within a containment area): 

a. The tank anchoring system shall be designed for uplift forces caused 
by flooding in the chemical containment area. 

b. The storage tank shall be assumed to be empty with liquid chemical 
level outside the tank equal to the top of containment wall.  

5. Nominal capacities noted below shall be defined as the tank volume below 
the invert of the tank overflow nozzle. 

B. Hydrofluorosilicic Acid Day Tank   

1. Tag Number: I-DT-1 and I-DT-2 

2. Chemical Stored: Hydrofluorosilicic Acid 

3. Chemical Concentration: 23 to 25% 

4. Chemical Specific Gravity:  1.45 

5. Nominal Capacity (gallons): 60 

6. Diameter: 26 INCH  

7. Length: 42 INCH 

8. Tank Orientation: Vertical 

9. Wall Type: Double 

10. Tank Material: Cross-linked Polyethylene (HDXLPE) 

11. Fitting Material: PVC 

12. Gasket Material: EPDM 

13. Bolt Material: Alloy C-276 

14. Cable Tie-Down System Required: No 
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15. Access Ladder and Handrail: No 

C. Coagulant Aid Polymer Storage Day Tanks   

1. Tag Numbers: C-DT-7 and C-DT-8 

2. Chemical Stored: Clarifloc (R) C-318 Polymer (Polydyne) 

3. Polymer pH: 5-7 

4. Chemical Specific Gravity: 1.09 

5. Nominal Capacity (gallons): 1,750 

6. Diameter: 7 FT 9 IN 

7. Height: 5 FT 1 IN 

8. Tank Orientation: Vertical 

9. Wall Type: Single 

10. Top Type: Open 

11. Tank Material: FRP 

12. Gasket Material: EPDM 

13. Bolt Material: Type 316 Stainless Steel 

14. Access Ladder: Yes 

15. Handrail: No 

16. Access Platform: Yes 

2.03 FRP TANKS 

A. Resins and Materials 

1. Resins: 

a. Resin to be resistant to chemicals stored. 

2. Reinforcement: 
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a. Surfacing veil: Type C glass with silane finish and styrene-soluble 
barrier at 20 mils thick. Resin in exterior layer shall have a ultraviolet 
light inhibitor for resistance to sunlight.   

b. Chopped strand mat: Type E glass with silane finish and styrene- 
soluble binder. 

c. Continuous roving: Type E glass with chrome finish or silane finish. 

d. Woven roving: Type E glass with silane finish. 

e. Woven cloth: Type E glass with silane finish. 

3. Exposed metal: Stainless steel, ANSI Type 316. 

4. Lifting lugs and safety harness clips: Stainless steel, ANSI Type 316. 

B. Fabrication 

1. Helical filament-wound side walls and contact molded top and base 
construction. Filament winding shall be in accordance with ASTM D3299. 
Laminate shall be in accordance with ASTM C582. Chemical resistance 
tests shall be in accordance with ASTM C581. 

2. Minimum design safety factors and wall thickness per governing standard 
but not less than the following: 

a. Internal pressure: 10:1. 

b. External pressure: 5:1. 

c. Seismic loads: 3:1. 

3. Sufficient resin on all surfaces to prevent fiber show. 

4. Ends fabricated integrally with shell, or separately and laminated to shell. 

5. Joints made with heavy reinforced lay-ups for structural stability and to 
prevent leakage. 

6. Inner surface layer: 10-20 mils thick. Inner layer followed by laminate 80-
90 mils thick, reinforced with non-continuous chopped strand fiberglass. 
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Laminate layer resin content: 70-80 percent. Total thickness of 2 layers at 
least 100 mils. 

7. Structurally reinforce walls with helical filament winding of continuous 
strands, tops, and bases with fiberglass mat and/or woven roving. 
Thickness and glass content par tensile and flexural requirements. 

8. Reinforcing ribs per manufacturer's recommendations. 

9. Lifting lugs provided on tank. 

10. Coated with protective gel coat, color as selected by Engineer. 

11. Minimum wall thickness: 1/4 IN (anywhere on tank). 

12. Top of tank shall be a non-skid surface. 

C. Tank accessories: 

1. Flanged nozzles: 

a. Conically gusseted to tank, withstand 1,500 LBS bending, 2,000 FT-
LBS torque. 

b. Flange diameter and drilling per ANSI B16.5, 150 LB. 

c. Same material as tank. 

d. Nozzles location and sizes as shown or specified. 

e. Press molded flanges not allowed. 

f. PVC flanges on vents attached to vessel not allowed. 

g. Provide flanges for manways, openings, and connections with 40 to 50 
Durometer 1/8-IN thick full face gaskets suitable for use in the stated 
chemical environment.   

2. Furnish flanged inlet, outlet, vent, and overflow connections sized and 
oriented as shown on the Drawings. 

3. Manways and ventilation openings for tanks larger than 1,000 gallons: 
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a. One 30 IN diameter top access manway, size and location as shown 
on the Drawings. 

b. One 30 IN diameter side access manway, size and location as shown 
on the Drawings.  

c. Provide goose neck vent with corrosion resistant bug screen. 

4. Exterior pipe supports on tanks: 

a. Provide to support overflow piping, tank fill/inlet piping, additional 
locations where shown on the Drawings, and as required to support 
electrical conduits. 

b. Supports shall allow easy installation of the pipe or conduit, as well as 
easy removal for repair or replacement if necessary. 

c. Supports shall be spaced 5 FT on center, and within 1 FT of elbows, 
valves, or check valves. 

5. Interior fill pipes for bulk chemical storage tanks. 

a. Schedule 80 PVC or FRP pipe extending from inlet connection to 9 IN 
above tank bottom. Material compatible with stored chemical. 

b. Interior flanged connection to tank nozzle at top and base support for 
90 degree elbow at bottom. 

c. Pipe size to match exterior fill pipe. 

d. Pipe supports at 8 FT maximum, designed for easy pipe removal and 
replacement. 

e. 3/4 IN DIA by 6 IN long horizontal FRP vacuum breaking pipe from 
interior tank nozzle at top of tank, and pointed toward tank center. 

6. Tanks shall have complete tank drains. Provide slope on bottom of tank to 
drain. 

7. Furnish two, 6 IN flanged connection for level sensor on each tank roof as 
shown on the Drawings. Coordinate with level sensor supplier attachment 
requirements.   
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8. Provide minimum of four stainless steel clips for connecting safety 
harnesses on top of each storage tank, rated at 300 pounds each. 

9. Tank Signage: 

a. Design Label 

1) Chemical contents, including: 

a) Concentration. 

b) Specific gravity. 

c) Maximum temp. 

2) Exterior resin. 

3) Interior resin. 

4) Tank capacity. 

5) Manufacturer. 

6) Manufacturer location. 

7) Date of manufacture. 

8) Seismic requirements. 

b. NFR Designation Sign 

1) Per NFPA 704 

2) 1.5 FT x 1.5 FT diamond 

3) Clearly visible to personnel once tanks installed 

10. A sight level gauge shall be provided. The sight level gauge shall be 
constructed of flexible PE or PVC tubing to allow for tank contraction and 
expansion due to loading and temperature changes. The level gage shall 
be connected to the tank with appropriate fittings as recommended by the 
manufacturer. Each fitting shall have valves installed for isolation or 
drainage purposes 
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2.04 POLYETHYLENE TANKS 

A. Materials 

1. The tanks shall be a one-piece made from high density cross-linked 
polyethylene.  

2. Moulding powder shall be Marlex CL-200YJN by Phillips Petroleum 
Company; Paxon 7004 by Paxon, Inc. or resin of equal physical and 
chemical properties. 

3. The plastic shall not contain any fillers and shall contain a minimum of 
0.25% and a maximum of 0.50% ultraviolet stabilizer.   

4. The minimum properties of the raw materials shall be as follows based on 
molded parts 

 

PROPERTY ASTM NO. VALUE UNITS 

Density ASTM D1505 0.940 to 
0.945 g/cc 

ESCR spec 
thickness 125 
mils F 50 

ASTM D1693 >1000 Hrs 

Tensile Strength 
Ultimate 2-in/min 

ASTM D638 
Type IV Spec 2600 psi 

Elongation at 
Break 2-in/min 

ASTM D638 
Type IV Spec 400 Percent 

Vicat Softening 
Temp. ASTM D1525 240 Deg F 

Brittleness Temp ASTM D746 Minus 130 Deg F 

Flexural Modulus ASTM D790 100,000 to 
110,000 psi 

B. Fabrication 
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1. Tanks shall be made using the rotational molding process. Tanks shall be 
designed so no external bracing, hoops, or supports are required. Tanks 
shall be single wall or double wall thickness as specified herein.  

2. The tanks shall be vented and will normally store the indicated chemicals 
at atmospheric pressure. Each tank and its appurtenances shall be 
designed to withstand the hydrostatic head which would result in the tanks 
and vents surcharged with the chemical being stored to 6 IN above the top 
of the tank and with consideration of tanks being empty at times.  

3. Tank orientation shall be as specified herein. The finished surface shall be 
free from visual defects, such as foreign inclusions, air bubbles, pin holes 
and craters.   

4. Tank minimum wall thickness shall be ¼ IN. A minimum wall thickness 
shall be supplied to provide a hoop stress of 650 psi at the point of highest 
stress, in compliance with ASTM D1998. The tank shall be flat bottom with 
a minimum knuckle radius at the wall of 1-1/2 IN. Tolerance on the outside 
diameter including out of roundness shall be ±1 percent. 

C. Tank Accessories 

1. Nozzles (below liquid level): 

a. Tank bottom outlets shall be complete drain type, SUMO as 
manufactured by Snyder, or IMFO as manufactured by Poly 
Processing. 

b. Nozzles shall be PVC two flange style. All nozzles below the tank liquid 
level shall be provided with flexible connectors/expansion joints as 
specified in Section 15060.  

2. Dome Fittings (top of tank) 

a. Bulkhead fittings shall be Schedule 80 PVC. Use only on flat dome 
areas. 

b. Universal dome flanged type fittings shall have flange attached to the 
tank wall.   

3. Vents shall be 3 IN "U" vent for bulk tanks and 1 IN "U" vent for day tanks.  
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4. Manway shall be 19 IN top flanged for bulk tanks and 10 IN top flanged for 
day tanks. 

5. Tie-down lugs and tank lifting lugs shall be provided in accordance with 
the manufacturer's installation instructions. Tie down cable system shall 
be provided for tanks specified herein. Cable system shall be designed for 
120 mph wind load. Cables and hardware shall be Type 316 stainless 
steel.  

6. Provide float-operated liquid level indicator on each bulk tank suitable for 
operation in the intended chemicals. 

7. A sight level gauge shall be provided. The sight level gauge shall be 
constructed of flexible PE or PVC tubing to allow for tank contraction and 
expansion due to loading and temperature changes.  The level gage shall 
be connected to the tank with appropriate fittings as recommended by the 
manufacturer.  Each fitting shall have valves installed for isolation or 
drainage purposes. 

8. Pipe support brackets for riser pipes and tank fill pipes shall be rigidly 
connected to the tank with a gasketed stud bolt. Provide supports every 6 
FT. 

9. Platform, Access Ladder and Safety Rail: 

a. One required for each tank where scheduled herein.  

b. Construction:  Carbon steel with fiberglass reinforced plastic coating 
capable of a minimum capacity of a 300-lb. load.   

c. Ladder shall be 18 IN between side rails, 12 IN between rungs.  Rungs 
shall be non-slip and square.   

d. OSHA approved ladder with safety cage, mounted and supported from 
the vessel.  Attachment fasteners shall be stainless steel. 

e. Stainless steel angle clips shall be furnished for mounting at the 
bottom of the ladder to the concrete pad. 

f. Provide a 42 IN tall, fiberglass reinforced plastic handrail around the 
top perimeter of each tank  or access platform where shown on the 
Drawings.  Handrail shall be OSHA approved. 
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10. For threaded bulkhead fittings locations and quantities on the tanks refer 
to the Drawings.   

11. For all double wall tanks, provide an interstitial leak detection system. 
System shall consist of two conductance type probes (ground and active), 
cable, and controls. Controls shall be mounted in a NEMA 4X rated FRP 
enclosure. System shall include a flashing red beacon and audible alarm.   

2.05 SOURCE QUALITY CONTROL 

A. FRP Tanks 

1. The FRP tank manufacturer shall have a quality control procedure to 
ensure that all fabrication complies with the specified requirements and 
ensures that all laminates are at least the equal to the reference samples 
in laminate quality.  

2. Fabricators Quality Assurance Supervisor shall perform a final inspection 
of all tanks prior to factory testing. Final inspections shall include check 
for: resin cure, dimensions, laminate thickness, physical properties, 
reinforcing content, pressure tests, and visual inspections (with tolerances 
as noted below). 

a. The internal corrosion barrier shall be visually inspected to ensure that 
imperfections in this laminate are within tolerances of Visual Inspection 
Level 2 per Table 6-1 of ASME RTP-1. 

b. The structural layer and exterior shall be visually inspected to ensure 
that imperfections in this laminate are within tolerances of Visual 
Inspection Level 2 per Table 6-1 of ASME RTP-1. 

c. Inspections shall be made before exterior pigmented coating is applied 
to the shell and head of the vessels.  

3. A Quality Control Inspection Report, approved and signed by the 
Fabricators Quality Assurance Supervisor, shall be prepared and 
submitted for review and approval by the Engineer. The report shall 
include the following: 

a. Barcol Hardness readings 

b. Thickness measurements 
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c. Measurements showing compliance with dimensions specified herein 

d. Laminate quality, presence of pits, inclusions, dry spots, air bubbles, 
and delamination 

4. Allowable surface tolerances: 

a. Cracks: None. 

b. Crazing (fine surface cracks): None. 

c. Blisters: None. 

d. Wrinkles: Max deviation: 10 percent of wall thickness, but not 
exceeding 1/8 IN. 

e. Pits: Max dimension: 1/8 IN DIA x 1/32 IN deep, max number: 10 SF. 

f. Surface porosity: None. 

g. Chips: None. 

h. Dry spot: None. 

i. Entrapped air (bubbles or voids in the laminate): 

1) Maximum density of 2 SQ IN at maximum diameter of 1/16 IN. 

2) Maximum density of 2 SF at maximum diameter of 1/8 IN. 

3) None to a depth of 1/32 IN. 

j. Exposed glass: None. 

k. Burned areas: None. 

l. Exposure of cut edges: None. 

m. Scratches: None. 

n. Foreign matter: None. 

5. Upon completion of fabrication and inspection, the following factory tests 
shall be performed for each tank: 
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a. Hydrostatic Leak Test 

1) Fill to top nozzle, allow to stand for 48 hours with no visible leakage 

b. Factory Test Report 

1) Inspection records 

2) Results of hydrostatic testing 

3) Test reports of physical properties of standard laminates 

6. Shop repair, if required, to correct tank defects must be approved in 
writing by the Engineer. 

7. Owner and Engineer reserve the right to inspect the tanks prior to 
shipment, following review of all factory test reports. 

B. Polyethylene Tanks 

1. The tank manufacturer shall have a quality control procedure to ensure 
that all fabrication complies with the specified requirements. Quality 
control shall include a final inspection of the manufacturer and written 
record of the final inspection.  

2. Manufacturer shall provide the following: 

a. Thickness measurements 

b. Measurements showing compliance with dimensions specified herein 

c. Surface quality, presence of pits, inclusions, dry spots, air bubbles, and 
delamination 

d. A separate inspection record shall be made for each tank. Copies of 
the reports shall be sent to the Engineer for review prior to shipment of 
the tanks. 

3. Testing 

a. The tank manufacturer shall perform the tests described below prior to 
shipping. Test samples shall be taken from the manway cut-out area or 
where fittings are inserted in each tank.  
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1) Impact Test: ASTM D746 standard method shall be used in this 
test. Sample shall not shatter at 200ft-lbs with sample at minus 40 
deg F for wall thickness greater than ½ IN. Fall a wall thickness 
less than ½ IN, the sample shall not shatter at 100 ft’lbs and minus 
40 deg F. 

2) Degree of Cross-linking Test: ASTM D2765 as modified by Phillips 
PTC Report 193 shall be used. A minimum of 70 percent Gel must 
be obtained. 

3) Hydrostatic Test: Tank shall be filled with water and checked for 
leaks no less than 48 hours after filling. 

4) Wall Thickness: each tank shall have an actual wall thickness 
measurement taken at every 90 degrees, at each one foot of 
elevation, up to three feet from the bottom of the tank.  

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Upon delivery, check tanks closely for damage.  If damaged, the tanks will not 
be accepted unless repairs are made in accordance with the manufacturer's 
recommendations and the manufacturer certifies in writing that the repairs 
were made in accordance with their recommendations and the tank is 
completely sound and suitable for service.  Handle the tanks with care to 
prevent inadvertent damage during installation.   

B. Install the tanks in complete accordance with the manufacturer's installation 
instructions.   

C. The tank foundation must provide smooth continuous full bottom support 
(maximum deviation 1/8-IN per 10 feet in any direction).  Install tanks on 1/4-
inch thick neoprene pad on similar pad as recommended by tank 
manufacturer. 

D. Tanks must not be grouted.   

E. Anchorage 

1. FRP Tanks: Secure bulk chemical storage tanks to foundations with 
minimum 3/4 IN diameter stainless steel bolts set in the foundation. 
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Secure day tanks with 1/2 IN stainless steel adhesive anchors.  Repair 
damaged coatings.  

2. Polyethylene Tanks: Install tanks with manufacturer required tie-down 
system.  

3.02 FIELD QUALITY CONTROL 

A. Field Testing 

1. Fill each tank to the overflow pipe with water. Tank and fittings shall hold 
water without loss, evidence of weeping, or capillary action for a period of 
48 hours prior to acceptance.  

B. Cleaning 

1. Tank interior surfaces shall be cleaned and decontaminated following field 
testing. 

2. Surfaces to be cleaned must be cleaned with a mild detergent capable of 
removing grease, oil, or other residue. No abrasive cleaning agents shall 
be used. Thoroughly rinse detergent. Pressure washers shall not be used 
on the tank surfaces. 

C. Provide manufacturer’s field services and training as defined in Specification 
Section 01665 and 01735 to provide the following.  

1. Inspection, checking, and adjustment as required for equipment to 
function as warranted by manufacturer and necessary to provide written 
approval of installation.  

2. Operation and maintenance training.  

3. Revisiting the site as required to correct problems and until installation and 
operation are acceptable to Owner.  

4. Assistance during Demonstration Period functional and performance 
testing and until product acceptance by the Owner.  

 
END OF SECTION 
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SECTION 13202 
 

STAINLESS STEEL CHEMICAL STORAGE TANKS 

PART 1: G E N E R A L 

1.01 SUMMARY 

A. Section Includes: 

1. Stainless steel chemical storage tanks and accessories for the following 
systems: 

a. Lime Slurry Bulk Storage Tanks  

B. Related Specification Sections include but are not necessary limited to: 

1. Division 0 – Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 – General Requirements. 

3. Sections 09905 – Paint and Protective Coatings 

4. Section 11005 – Equipment: Basic Requirements. 

5. Section 13315 – Instrumentation and Controls - Products 

6. Section 15060 – Pipe and Pipe Fittings: Basic Requirements. 

7. Section 15100 – Valves: Basic Requirements. 

1.02 QUALITY ASSURANCE 

A. Reference Standards 

1. ASME Boiler and Pressure Vessel Code 

2. ASTM A193 - Alloy-Steel and Stainless Steel Bolting Materials for High 
Temperature Service. 

3. ASTM A194 - Carbon and Alloy Steel Nuts for Bolts for High Pressure and 
High Temperature Service. 

B. Manufacturer's Qualifications 

1. Manufacturer shall be regularly engaged in the manufacturer of bulk 
storage facilities for not less than 5 years. 
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2. Structural design shall be performed by a structural engineer registered in 
the State of Texas.  

1.03 SYSTEM DESCRIPTION 

A. The lime slurry bulk storage tanks specified herein and the lime tank mixers 
specified in Section 11373 shall be coordinated, and supplied by a competent 
systems integrator. The systems integrator shall be regularly engaged in the 
business of assembling tanks and mixer systems. The integrator shall be 
responsible for ensuring that a complete functioning system is supplied and 
that all required internal tank baffles are located and installed to provide 
proper tank mixing.  

1.04 SUBMITTALS 

A. Shop Drawings 

1. See Specification Section 01330 and 01340 for requirements for the 
mechanics and administration of the submittal process, and shop 
drawings.  

a. Design data on the tank 

b. Coating system (interior and exterior) to be used on the tank. 

c. General arrangement drawings showing arrangement of the fitting and 
accessories, interfaces with lime slurry mixer and site components, 
and loads imposed in other site support structures.  

d. Submit welder’s certificate with shop drawings. 

e. Structural design calculations by a structural engineer registered in the 
State of Texas shall be submitted for record purposes only.  

f. Submit manufacturer's certificates of compliance with ASME, ANSI, 
AWWA and other listed standards. 

B. Operation and Maintenance  

1. See Specification Section 01782 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of operation and maintenance manuals. 

1.05 DELIVERY, STORAGE AND HANDLING 

A. See Section 01610. 
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1.06 WARRANTY 

A. All tanks and associated equipment and appurtenances shall be guaranteed 
against defects in material and workmanship for a period of two years from 
the date of substantial completion of the project. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Tanks: 

a. Pittsburgh Tank and Tower Company, Inc. 

b. Palmer Mfg and Tank , Inc. 

c. Roy E. Hanson Jr. Mfg 

d. Joe White Tank Company  

2.02 DESIGN REQUIREMENTS 

A. General 

1. Nominal capacities noted below shall be defined as the tank volume below 
the invert of the tank overflow nozzle.  

2. Seismic Design Category A 

3. Wind Load: 100 mph 

4. Top Loads: 

a. Concentrated top load: Compute at 100 psf plus dead load  

b. Tank shall be designed to support the dead weight and all imposed 
loads from the vertical shaft mixer installed on top of tank. 

5. Uplift: 

a. The tank anchoring system shall be designed for uplift forces caused 
by flooding in the chemical containment area. 

b. The storage tank shall be assumed to be empty with liquid level 
outside the tank equal to the top of containment wall.  
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6. Provide a minimum of four anti-rotation baffles in each tank configured 
and located within the tank as recommended by the mixer and tank 
manufacturer. Baffles shall be constructed from the same material as the 
tanks.  

B. Lime Slurry Storage Tanks  

1. Tank Tag No.: I-T-1, I-T-3 

2. Chemical Stored: Hydrated Lime Slurry 

3. Chemical Concentration: 35% 

4. Chemical Specific Gravity: 1.33 

5. Nominal Capacity (gallons) : 23,500  

6. Diameter: 12 FT 0 IN 

7. Shell Length: 30 FT 0 IN 

8. Tank Orientation: Vertical as shown on the Drawings 

9. Wall Type: Vertical 

10. Bottom: Flat 

2.03 TANKS 

A. Materials 

1. Tanks and supports shall be constructed from ASTM SA-240, Type 304L 
stainless steel. All flange and accessory hardware shall be type 316 
stainless steel. Gaskets shall be compatible with the material stored. 

2. All welds shall be full penetration welds and shall be performed by an 
AWS certified welder.  

B. Fabrication 

1. Tanks shall be designed in accordance with ASME boiler and pressure 
vessel code, Section VIII, Division 1. Vessel to be marked with “U” stamp.  

2. Minimum design safety factors and wall thickness per governing standard 
but not less than the following: 

a. Internal Pressure: 10:1 
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b. External Pressure: 5:1 

c. Seismic Loads: 3:1 

C. Surface Preparation  

1. Tank interior shall be commercial blasted per SSPC-SP6 and cleaned free 
of rust, slag, and other foreign matter. 

2. Tank exterior shall be brush blast cleaned per SSPC-SP7 to provide an 
even tank color. 

D. Tank Nozzles and Accessories 

1. General 

a. Nozzles to have full penetration welds. Nozzles to be 150 ANSI flanges 
or NPT threaded connection as shown on the Drawings or as specified 
herein. 

b. Provide lifting lugs on tanks. 

c. Tank Mounted Pipe Supports 

1) Provide to support overflow piping, tank fill piping, and other 
locations were shown on the Drawings and as required to support 
conduits. 

2) Supports shall be spaced 3 FT on center and within 1 FT of elbows, 
valves, and pipeline appurtenances.  

d. All flange and accessory hardware shall be Type 316 stainless steel.  

2. Nozzles and Manways 

a. Provide the following nozzles and manways at a minimum. Orient and 
locate as shown on the Drawings. 

1) 2, 30 IN diameter minimum bolted and hinged access hatch (top 
and side) 

2) 6 IN flange, overflow (side) 

3) 6 IN flange, drain (side) 

4) 3 IN flange, tank fill (top) 

5) 3 IN flange, Utility Water (top) 
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6) 2 IN flange, pump suction (side) 

7) 2 IN flange, recirculation return (top) 

8) 2 IN flange, spare (side) 

9) 6 IN flange, spare (top) 

10)  2 IN NPT, tank level sensor (side) 

11) 1 IN NPT, spare (side) 

3. Access Ladder, Handrail, and Access Platform 

a. As required for each tank as shown on the Drawings. 

b. Ladder 

1) Type 316 stainless steel with a minimum capacity of 300 lb. Ladder 
shall be 18 IN between side rails, 12 IN between rungs. Rungs shall 
be non-slip and square. 

2) OSHA approved design with safety cage, mounted and supported 
from the tanks. Attachment hardware shall be stainless steel to 
match. 

3) Provide clips to mount the ladder to the concrete containment area 
pad. 

c. Handrail 

1) Provide a 42 IN tall, aluminum handrail with toe-board around the 
top perimeter of each tank. Handrail shall be OSHA approved. 
Provide dielectric isolating hardware as required.  

d. Access Platform 

1) Provide an access platform to connection to adjacent lime slurry 
storage tank as shown on the Drawings. Platform shall be of 
aluminum construction and designed for a 300 lbs load of 100 psf.  

2) Provide dielectric isolating hardware as required. 

4. Tank Signage 

a. Design Label 

1) Chemical contents, including: 
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a) Concentration 

b) Specific Gravity 

c) Maximum Temp 

2) Tank capacity 

3) Manufacturer 

4) Manufacturer location 

5) Date of manufacture 

6) Materials of construction 

7) Seismic requirements 

b. NFR Designation Sign 

1) Per NFPA 704 

2) 1.5 FT x 1.5 FT 

3) Clearly visible to personnel once tanks installed 

2.04 SOURCE QUALITY CONTROL 

A. The tank shall be factory hydrostatically tested at a pressure of 40 psig. The 
pressure shall be held and each weld tested with seam test solution to 
demonstrate there are no leaks. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. The tanks shall be installed in accordance with the manufacturer’s written 
instructions. Tanks shall be installed on a neoprene pad or other resilient 
support as recommended by the tank manufacturer.   

B. The contractor shall be responsible for installing mixer, piping and other 
equipment on the tank.  

C. Cleaning 

1. Tank interior surfaces shall be cleaned and decontaminated following field 
testing. 
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2. Surfaces to be cleaned must be cleaned with a mild detergent capable of 
removing grease, oil, or other residue. No abrasive cleaning agents shall 
be used. Thoroughly rinse detergent. Pressure washers shall not be used 
on the tank surfaces. 

3.02 FIELD QUALITY CONTROL 

A. Provide Manufacturer’s Field Services as defined in Specification Section 
01665 to provide the following.  

1. Inspection, checking, and adjustment as required for equipment to 
function as warranted by manufacturer and necessary to provide written 
approval of installation.  

2. Revisiting the site as required to correct problems and until installation and 
operation are acceptable to Owner.  

3. Assistance during Demonstration Period functional and performance 
testing and until product acceptance by the Owner.  

B. Field Testing 

1. After shipment to the jobsite, but prior to installation, tank shall be 
hydrostatically pressure tested by the Contractor at 40 psi for 1 hour.  
During testing, connections may be plugged but shall not be blocked or 
plugged on the inside.  If there are leaks or indications of leaks, the tank 
shall be replaced with a new tank and tested after shipment to the jobsite. 

2.  

C. VENDOR TRAINING  

1. See Section 01735 for vendor training requirements.  

END OF SECTION  
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SECTION 13210 

CHEMICAL STORAGE TANK TESTING & INSPECTION 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Disposal of excess chemicals and rinsate prior to inspection and 
testing of each tank. 

2. Inspection and testing procedures for existing bulk chemical storage 
tanks, day tanks and scrubbers as specified herein. 

3. Reporting requirements. 

B. Related Specification Sections include but are not necessary limited to: 

1. Division 01 – General Requirements. 

2. Section 11005 – Equipment: Basic Requirements. 

1.02 MEASUREMENT AND PAYMENT 

A. Include the cost for bulk storage tank cleaning, inspection and testing, 
including removal, shipment and disposal of excess chemicals and rinsate, in  
lump sum Base Bid Item No. 4, in Section 00410, Part B, Paragraph B. 

1.03 QUALITY ASSURANCE 

A. Reference Standards: 

1. ANSI/ASNT CP-189, ASNT Standard for Qualification and Certification 
of Nondestructive Testing Personnel, latest edition. 

2. ANSI/ASNT CP-105, ASNT Standard Topical Outlines for Qualification 
of Nondestructive Testing Personnel, latest edition. 

3. API 510, Pressure Vessel Inspection Code, latest edition 

4. API 579/ASME FFS-1, Fitness-For-Service, latest edition. 
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5. ANSI/API Standard 2015 – Requirements for Safe Entry and Cleaning 
of Petroleum Storage Tanks, latest edition. 

6. SSPC-SP WJ-1/NACE WJ-1, Waterjet Cleaning of Metals–Clean to 
Bare Substrate 

7. STI SP001, Steel Tank Institute, Standard for the Inspection of 
Aboveground Storage Tanks, latest edition 

8. 29 CFR 1910, Occupational Safety and Health Administration (OSHA) 

B. Qualifications: 

1.  The contractor performing the inspection shall be certified as an 
authorized pressure vessel inspector. The contractor shall provide 
documented evidence of passing the National Board of Boiler and 
Pressure Vessel Inspectors examination and that all the education and 
experience requirements of API 510 Appendix B have been met for 
ASME vessel inspections.  For atmospheric tanks, inspector shall be 
certified as an STI SP001 AST inspector. 

2. Provide documentation showing compliance with all State of Texas 
licensing requirements. 

3. The contractor performing corrosion mapping shall be certified as an 
ASNT NDT Level III in Ultrasonic Testing per ASNT CP-189 and CP-
105. 

4. The contractor shall be certified as a NACE Corrosion Specialist or 
Fitness-For-Service Inspector. 

5. The contractor, including all tank entrants, entry attendants, and entry 
supervisor, shall be trained in permit-required confined spaces in 
accordance with OSHA 29 CFR 1910.146.  

1.04 SYSTEM DESCRIPTION 

A. Contractor shall provide inspection and testing services for the following, 
existing bulk chemical storage tanks: 

1. Sodium Hydroxide Tanks I-T-3 and I-T-4 

2. Ferric Sulfate Tanks D-T-1, D-T-2, D-T-3, D-T-4, D-T-5, D-T-6  
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3. Ammonium Hydroxide Tanks I-T-5, I-T-6, I-ST-1, C-DT-3 and C-DT-4 

4. Hydrofluorosilicic Acid Tanks I-T-7, I-T-8, and I-ST-2 

5. Lime Slurry Storage Tanks I-T-1 and I-T-2 

B. The City of Houston plant staff will drain the chemicals from the tanks to the 
extent possible subject to limitations of the tank configuration, and the ability 
to utilize the chemicals in the treatment process. Contractor shall be 
responsible for subsequent tank flushing and rinsing and disposal of the tank 
rinsate. Contractor shall also provide appropriate ventilation of the empty 
tanks to allow for inspection by the tank inspection firm. Contractor shall 
remove existing insulation and heat tracing from the sodium hydroxide tanks 
prior to inspection. 

C. Tank inspection firm shall provide written reports documenting each tank 
condition, an estimate of each tank’s remaining service life, as well as 
recommended tank repairs and modifications, if required.  

1.05 SUBMITTALS 

A. Submittals shall be in accordance with Section 01330 and shall include: 

1. Certifications for Tank Inspectors 

a. Inspectors shall have been engaged in the tank testing field for at least 
three years.  Provide a list of 10 similar projects inspected by the 
proposed inspector. 

b. Provide documentation that the proposed inspectors meet the 
requirements of the Qualifications article herein. 

2. Test Plan and Schedule 

a. Test Plan and Schedule shall comply with the requirements of Section 
01114. 

3. Certification of Waste Transportation Firms and Waste Disposal 
Facilities 

a. All firms transporting waste materials shall be properly licensed by the 
Texas Department of Transportation, the Texas Commission on 
Environmental Quality and appropriate federal agencies. 
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b. Waste disposal facilities shall comply with all federal and state 
regulations applicable to their facilities and shall be properly certified 
and licensed by the TCEQ and the USEPA to handle the types and 
quantities of waste to be generated and removed from the EWPP. 

c. Prior to shipment of excess chemical tank contents and tank rinsate, 
provide documentation that all firms engaged in the transportation and 
disposal of the waste material are properly certified and licensed to 
engage in the transportation and/or disposal of the waste materials 
being removed from the EWPP. 

4. Health and Safety Plan 

5. Draft Findings Report for each bulk storage tank inspected. 

6. Final Findings Report for each bulk storage tank inspected. 

B. Submittal data shall be in such form and so presented that the Engineer may 
readily review the data.  

PART 2: PRODUCTS 

2.01 ACCEPTABLE TANK INSPECTION FIRMS 

A.   METCO – Materials Evaluation and Testing Corporation, Houston, TX 

B.   Sentinel Integrity Solutions, Inc. 

C.   HMT Innovative Tank Solutions   

D. Submit request for substitution in accordance with Specification Section 
01630. 

2.02 DESCRIPTION OF BULK STORAGE TANKS TO BE INSPECTED 

A. Sodium Hydroxide Storage Tanks 

1. Number of Tanks: 2 

2. Tank Contents: Sodium Hydroxide, 25% to 50% solution 

3. Material of Construction: Type 316L stainless steel 
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4. Tank Type: Vertical, atmospheric 

5. Nominal Tank Diameter: 12 FT 

6. Nominal Tank Height: 20 FT 

7. Nominal Tank Volume: 16,075 gallons, each 

B. Aqueous Ammonia Storage Tanks: 

1. Number of Tanks: 2 

2. Tank Contents: Aqueous Ammonia, 19% to 29% 

3. Material of Construction: Type 316L stainless steel 

4. Tank Type: Vertical, ASME code pressure vessel 

5. Nominal Tank Diameter: 10 FT 

6. Overall Tank Height: 20 FT   

7. Nominal Tank Volume: 11,750 gallons, each 

C. Aqueous Ammonia Scrubber Tank (I-ST-1) 

1. Number of Tanks: 1 

2. Tank Contents: Aqueous Ammonia, 19% to 29% 

3. Material of Construction: Fiberglass Reinforced Plastic 

4. Tank Type: Vertical, atmospheric 

5. Nominal Tank Diameter: 3.5 FT 

6. Overall Tank Height: 6.7 FT   

7. Nominal Tank Volume: 300 gallons 

D. Aqueous Ammonia Day Tanks (C-DT-3 and C-DT-4) 

1. Number of Tanks: 2 

2. Tank Contents: Aqueous Ammonia, 19% to 29% 
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3. Material of Construction: Fiberglass Reinforced Plastic 

4. Tank Type: Vertical, ASME code pressure vessel 

5. Nominal Tank Diameter: 5 FT 

6. Overall Tank Height: 6 FT 

7. Nominal Tank Volume: 750 gallons, each 

E. Lime Slurry Storage Tanks 

1. Number of Tanks: 2 

2. Tank Contents: Lime Slurry, 35% 

3. Material of Construction: Type 316L stainless steel 

4. Tank Type: Vertical, atmospheric 

5. Nominal Tank Diameter: 14.5 FT 

6. Nominal Tank Height: 30 FT 

7. Nominal Tank Volume: 35,500 gallons, each 

F. Ferric Sulfate Storage Tanks 

1. Number of Tanks: 6 

2. Tank Contents: Ferric Sulfate, 25 to 50% 

3. Material of Construction: Fiberglass Reinforced Plastic (FRP) 

4. Tank Type: Vertical, atmospheric 

5. Nominal Tank Diameter: 12 FT 

6. Nominal Tank Height: 18 FT 

7. Nominal Tank Volume: 25,000 gallons, each 

G. Hydrofluorosilicic Acid Storage Tanks (I-T-7 and I-T-8) 

1. Number of Tanks: 2 
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2. Tank Contents: Hydrofluorosilicic Acid, 15 to 25% 

3. Material of Construction: High Density Polyethylene 

4. Tank Type: Vertical, atmospheric 

5. Nominal Tank Diameter: 6 FT 

6. Nominal Tank Height: 8 FT 

7. Nominal Tank Volume: 3,100 gallons, each 

H. Hydrofluorosilicic Acid Scrubber Tank (I-ST-2) 

1. Number of Tanks: 1 

2. Tank Contents: Hydrofluorosilicic Acid, 15 to 25% 

3. Material of Construction: High Density Polyethylene 

4. Tank Type: Vertical, atmospheric 

5. Nominal Tank Diameter: 3 FT 

6. Nominal Tank Height: 5 FT 

7. Nominal Tank Volume: 200 gallons 

PART 3: EXECUTION 

3.01 PREPARATION FOR INSPECTION 

A. Test Plan and Schedule 

1. Prepare a schedule for disposal of excess tank contents, tank rinsing, 
shipping of waste rinsate, inspection, testing, report preparation and 
delivery, and restoration of the inspected tank to operational service. 

2. Schedule shall comply with the requirements of Section 01114.  At 
least one of each of the bulk aqueous ammonia, caustic and lime slurry 
storage tanks shall remain in service, or available for serviceable use 
by EWPP staff at all times. 

B. Health and Safety Plan 
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1. Prepare a health and safety plan, meeting OSHA requirements, that 
addresses all potential hazards and corresponding mitigating 
measures, in compliance with the requirements of 29 CFR 1910. 

2. Health and Safety Plan shall include a Confined Space Entry Plan. 

C. Flushing, Rinsing, Cleaning, and Disposal 

1. Clean each tank prior to inspection and testing in accordance with API 
Standard 2015, latest edition. 

2. Prior to removal of tank contents, flush the fill lines and recirculation 
lines of chemical, into the tank to be tested.  Scope of work should 
include excess product disposal of up to 25% of the nominal volume of 
each bulk storage tank. 

3. Neutralization of tank contents prior to characterization and disposal is 
acceptable, subject to compliance with applicable regulations. 

4. Contractor will dispose of the excess contents remaining in the tank 
prior to rinsing. 

a. Characterize the excess product in accordance with the requirements 
of the TCEQ licensed waste disposal facility.  Obtain approval for 
waste shipment in accordance with all applicable EPA and TCEQ 
regulations. 

b. Properly complete all documentation, forms and shipping manifests in 
accordance with applicable regulations.  The City of Houston will 
execute all forms requiring the signature of the waste generator. 

5. Conduct low pressure water cleaning of all of internal surfaces of all 
tanks in accordance with SSPC-SP WJ-1. 

6. Conduct analytical testing of the rinsate and dispose of the rinsate in 
accordance with the resulting rinsate characterization.  Comply with 
the requirements for disposing the excess contents of the tank 
described above. 

3.02 INSPECTION SERVICES 

A. Internal Inspection 
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1. Conduct an internal inspection on all tanks in accordance with API 510 
for ASME Code vessels, or STI SP001 for atmospheric vessels.  
Perform photographic documentation of the inspection and include the 
photographs in the written report. 

2. Comply with all OSHA regulatory requirements, including the 
requirements for work in Confined Spaces. 

B. External Inspection 

1. Conduct an external inspection on all tanks in accordance with API 510 
for ASME Code vessels, or STI SP001 for atmospheric vessels.  
Perform photographic documentation of the inspection and include the 
photographs in the written report. 

3.03 TESTING SERVICES 

A. Corrosion Mapping 

1. Conduct ultrasonic corrosion mapping on all internal surfaces of all 
tanks.  The resultant C-Scan images shall be included in the written 
report. 

3.04 DELIVERABLES 

A. Testing Report 

1. Provide a draft findings report with all the data collected during the 
inspection and testing services. Include all inspection data evaluation, 
analysis, and recording in accordance with API 510, or STI SP001 as 
applicable. Include recommendations for repairs, alterations, and 
rerating of the tanks.  

2. Revise the draft findings report to address or respond to provided 
comments. Provide a final findings report signed by the NACE 
Corrosion Specialist or Fitness-For-Service Inspector. 

END OF SECTION 
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Section 13300 
 

PROCESS INSTRUMENTATION AND CONTROLS - GENERAL PROVISIONS 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 
 

A. A pre-approved Process Control System Integrator (PCSI) shall furnish all 
services and equipment defined herein and in other specification sections as 
listed in Article 1.03, Related Work. 
 

B. Refer to Electrical, Instrumentation, SCADA and Controls Descriptions on 
drawings for items and interface duties associated with PCSI work. The 
completed work will include, but not limited to: the replacement or reuse of 
existing instrument field devices, reuse of existing conductors and new 
conductors, with existing and new raceways and the integration of all 
equipment for a complete and functional Plant PLC/SCADA Control System. 

 
C. All materials, equipment, labor, and services required to achieve a fully 

configured integrated and operational process control system shall be 
provided.  The PCSI shall design and coordinate the process control system 
for proper operation with related equipment and materials furnished by other 
suppliers under other sections of these specifications and with related existing 
equipment. All application software programming services shall be by the 
Contractor, referred to as Software Engineer (SE). Control Loop Narratives 
refer to contract drawings. All other programming, configuration, and 
integration, including but not limited to Ethernet, Profibus and Modbus 
configuration and communications between all field I/O and PLCs 
communications will be provided by the PCSI.  In addition, the PCSI shall be 
responsible for providing all third party software/PLC code required to 
establish communication with the supplied hardware. 

 
D. Auxiliary and accessory devices necessary for system operation or 

performance to interface with existing equipment or equipment provided by 
other suppliers under other sections of these specifications, shall be included 
whether or not they are shown on the drawings.  These devices include, but 
are not limited to: current isolators, signal conditioners, interposing relays, 
power supplies, UPS, and fiber optic transceivers. 

 
E. Substitution of functions or type of equipment specified shall not be 

acceptable.  In order to ensure parts are interchangeable, maintain quality, 
interface between the various subsystems, and establish minimums with 
regard to ranges and accuracy, strict compliance with the above requirements 
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shall be maintained.  System design shall allow for the removal of individual 
devices from service without disrupting other devices in service. 

 
F. Equipment shall be fabricated, assembled, installed, and placed in proper 

operating condition in full conformity with detail drawings, specifications, 
engineering data, instructions, and recommendations by the equipment 
manufacturer as approved by the Engineer. 

 
G. The PCSI shall be responsible for calibrating all existing instruments that will 

interface with the new control system. 
 
H. To facilitate the Owner's future operation and maintenance, products shall be 

by the same major manufacturer, with panel-mounted devices of the same 
type and model as far as possible. 

 
I. The East Water Purification Plant is an existing plant and all work shall be 

coordinated with its operating personnel to minimize impact on daily 
operation. 

 
J. The East Water Purification Plant is a fully operational facility monitored and 

controlled by local panels and PLCs.  There are existing instruments that will 
be reused.  After the switch over, the PCSI must demonstrate that all new 
equipment and reused existing equipment is connected to the existing and 
new PLCs are fully functional as specified and shown on the Contract 
Drawings.  

 
K. The Owner shall retain salvage rights to all material and equipment removed 

in the course of this work.  All materials and equipment retained by the Owner 
shall be delivered to a point designated by the Owner in Houston, Texas.  Any 
material or equivalent not retained by the Owner shall be removed from the 
site and disposed of by the General Contractor in accordance with applicable 
regulations and laws. 

 
L. All equipment and installations shall satisfy applicable Federal, State, and 

local codes. 
 
M. The Contract Drawings and related specification sections provide additional 

details showing building plan layouts, instrument device specifications, 
functional requirements of the system, and interfacing with other equipment. 

 
N. All materials, equipment, labor, and services necessary to achieve the 

monitoring and control functions described herein shall be provided in a timely 
manner so that the monitoring and control functions are available when the 
equipment is ready to be placed into service. 
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O. The PCSI shall coordinate and schedule all required testing with the General 
Contractor, Owner, and Engineer. 

 
P. The PCSI shall coordinate and schedule all required training with the General 

Contractor, Owner, and Engineer. 
 
Q. The PCSI shall provide a monthly status report and updated project schedule 

to the General Contractor to be included in the General Contractor’s overall 
project schedule.  

 
R. The PCSI shall provide control panel for all areas shown on the contract 

drawings and specified herein.  The electrical contractor shall furnish all 
wiring between the termination cabinets (furnished by the electrical 
contractor) and the control panels.  The PCSI shall coordinate the termination 
of all wires in the control panel and PLC cabinets. 

 
1.02 MEASUREMENT AND PAYMENT 

 
A. No separate payment will be made for work performed under this Section.  

Include the cost for this work in the lump sum Base Bid Item No. 3 in Section 
00410, Paragraph B. 

 
1.03 RELATED WORK 

 
A. The PCSI shall furnish all materials, labor, and services specified in the 

following specification sections as required ensuring that a single, coordinated 
system is supplied: 

 
1. Section 13315 - Process Instrumentation & Controls   Products 

 
B. Divisions requiring coordination shall include, but not be limited to, the 

following: 
 

1. Division 1 - General Requirements 
 

2. Division 11 - Equipment 
 

3. Division 13 - Special Construction 
 

4. -Division 15 - Mechanical 
 

5. -Division 16 - Electrical 
 
C. The PCSI shall coordinate with all equipment suppliers, mechanical 

subcontractor, electrical subcontractor, and General Contractor. 
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1.04 COORDINATION MEETINGS 

 
A. The PCSI shall schedule a minimum of four (4) mandatory coordination 

meetings as described herein. The meetings shall be held at the Owner’s 
designated location and shall include attendance by the Owner, the Engineer, 
the Contractor and PCSI’s Project Engineer. 

 
1. A project kickoff coordination meeting shall be held within two weeks after 

submitting the Project Plan and Schedule Submittal.  The purpose of the 
meeting shall be to discuss the PCSI's Project Plan and Schedule 
Submittal, to summarize the PCSI's understanding of the project; discuss 
any proposed substitutions or alternatives; schedule testing and delivery 
deadline dates; provide a forum to coordinate hardware and software 
related issues; and request any additional information required from the 
Owner.  The PCSI shall prepare and distribute an agenda for this meeting 
a minimum of one week before the scheduled meeting date.  The meeting 
will last up to one (1) business day. 

 
2. A submittal review coordination meeting shall be held after the Hardware, 

Panel Drawing, and Loop Drawing Submittal package has been reviewed 
by the Engineer and returned to the PCSI.  The purpose of the second 
meeting shall be to discuss comments made on the submittal package; to 
refine scheduled deadline dates; coordinate equipment installation 
activities; and provide a forum for any further required coordination 
between the PCSI and SE.  The meeting will last up to one (1) business 
day. 

 
3. A factory testing coordination meeting shall be held two weeks prior to 

factory acceptance testing.  The purpose of the third meeting is to discuss 
the specifics of the PCSI's proposed tests and to provide a forum for 
coordinating the required factory testing.  The meeting will last up to one 
(1) business day. 
 

4. A field-testing coordination meeting shall be held two weeks prior to field 
acceptance testing.  The purpose of the fourth meeting is to discuss the 
specifics of the PCSI's proposed tests and to provide a forum for 
coordinating the required field-testing.  The meeting will last up to one (1) 
business day. 

 
B. The costs associated with the Engineer attending the coordination meetings, 

including car rental, hotel expenses, meal costs, parking, toll expenses, etc; 
shall be included as part of the work of this Section. These costs incurred by 
the Engineer while participating in the coordination meeting shall be paid out 
of a $4000.00 allowance. The PCSI shall include the allowance as part of the 
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Bid Amount for the work of this Section. Upon completion of the coordination 
meetings, the Engineer shall submit invoices, bills, and receipts of the PCSI 
for reimbursement. Within one week of receipt of such documentation, the 
General Contractor shall reimburse the Engineer in the form of a check made 
payable to the Engineer. If at the completion of all scheduled coordination 
meetings, the allowance is not exhausted, the remaining balance shall be 
used in one of the following three ways: 

 
1. Purchase of additional Owner training. 

 
2. Purchase of additional spare parts. 

 
3. Credit to the Contract Bid Amount. 

 
1.05 SUBMITTALS 

 
A. General submittal requirements include: 
 

1. Refer to Section 01330 for general submittal requirements.  
 

2. Shop drawings shall demonstrate that the equipment and services to be 
furnished comply with the provisions of these specifications and shall 
provide a complete record of the equipment as manufactured and 
delivered.   

 
3. Submittals shall be bound in separate three ring binders, with an index 

and sectional dividers, with all drawings reduced to a maximum size of 11-
inch by 17-inch, then folded to 8.5 inch by 11-inch for inclusion within the 
binder.  Maximum binder size shall be 3-inches.  

 
4. The submittal drawings’ title block shall include, as a minimum, the PCSI’s 

registered business name and address, project name, drawing name, 
revision level, and personnel responsible for the content of the drawing. 

 
5. Exceptions to the Specifications or Drawings shall be clearly defined by 

the PCSI in a separate section of each submittal package. The submittal 
shall contain the reason for exception, the exact nature of the exception 
and the proposed substitution so that the Engineer may make a proper 
evaluation.  The acceptability of any device or methodology submitted as 
an “or equal” or “exception” to the specifications shall be at the sole 
discretion of the Engineer.  

 
6. The PCSI shall submit all of the submittals in accordance with this 

Section.  Incomplete or partial submittals not complying with the submittal 
arrangements outlined in this Section will be returned without review. 
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7. Separate submittals shall be made as follows: 

 
a. Qualifications Submittal 

 
b. Project Plan and Schedule Submittal 

 
c. Coordination Meetings Agenda 

 
d. Hardware, Panel Drawing, Loop Drawing, and Software Submittal. 

 
e. Testing Plans  

 
(1) Preliminary Test Procedure Submittal 

(2) Final Test Procedure Submittal 

(3) Test Documentation Submittal (one each for UFT, WFT, ORT, and 
FAT). 

 
f. Training Plan. 

 
(1) Preliminary Training Plan Submittal 

(2) Final Training Plan Submittal 
 

g. Spares, Expendables, and Test Equipment Submittal. 
 

h. Certification of Installation Submittal. 
 

i. Application Development Submittal. 
 

j. Final System Documentation 
 

(1) Preliminary O&M Outline Plan Submittal 

(2) Operations and Maintenance Manual Submittal 
 
B. Qualifications Submittal 
 

1. PCSI shall submit, within 15 (fifteen) calendar days after Contract Award, 
detailed information on their staff and organization to show compliance 
with the Quality Assurance requirements of this Section.  The 
Qualifications submittal shall be submitted and favorably reviewed before 
any further submittals will be accepted.  Failure to meet the minimum 
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requirements shall be grounds for rejection as an acceptable PCSI.  The 
Qualifications Submittal shall, as a minimum, contain the following: 

 
2. Copy of State of Texas Professional Electrical or Control Systems 

Engineer’s License for the PCSI Project Manager or the PCSI Project 
Engineer overseeing this project. 

 
3. Copies of ISA CCST Level 1 certificates for all field technicians. 

 
4. Notarized statement from the firm’s financial institution demonstrating 

ability for the firm to meet the obligations necessary for the performance of 
the work. 

 
5. Copy of UL-508 certificate for panel fabrication facilities. 

 
6. Five (5) references for water or wastewater projects successfully 

completed within the last five years.  Successful completion shall be 
defined as a finished project completed on time, without any outstanding 
claims or litigation involving the PCSI.   

 
7. Sufficient documentation to demonstrate the PCSI's capabilities to 

complete this project including: resumes of key staff, bonding capacities, 
listing of five (5) water/wastewater projects of similar scope and 
complexity completed successfully, details on engineering, design, 
fabrication, and field service capabilities, and location of staff responsible 
for responding to the site within four hours to resolve startup issues. 

 
C. Project Plan, Deviation List, and Schedule 
 

1. The PCSI Project Plan shall be submitted and favorably reviewed before 
any further submittals will be accepted.  The Project Plan shall, as a 
minimum, contain the following: 

 
a. Overview of the proposed control system in clear text format describing 

the PCSI understanding of the project work, preliminary system 
architecture drawing, interfaces to other systems, schedule, startup, 
and coordination. 

 
b. Approach to work in clear text format describing how the PCSI intends 

to execute the work.  A discussion of switchover, startup, replacement 
of existing equipment with new, etc. shall be included as applicable. 

 
c. Preliminary software and hardware submittal information solely to 

determine compliance with the requirements of the Contract 
Documents prior to the PCSI development of process control programs 
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and system layouts.  Favorable review of software and hardware 
systems as part of this Project Plan stage shall not relieve the PCSI of 
meeting all the functional and performance requirements of the system 
as specified herein. 

 
d. Project personnel and organization including the PCSI project 

manager, project engineer, and lead project technicians.  Include 
resumes of each key individual and specify in writing their commitment 
to this project. 

 
e. Preliminary coordination meeting agendas as specified herein. 

 
f. Preliminary testing plan. 

 
g. Preliminary training plan. 

 
h. Sample formats of the shop drawings to be submitted and in 

conformance with the requirements of the Specifications.  At a 
minimum include samples of panel fabrication drawings, loop or I/O 
wiring diagrams, and graphical display presentations. 

 
2. Exceptions to the Specifications or Drawings shall be clearly defined by 

the PCSI in a separate Deviation List. The Deviation List shall consist of a 
paragraph by paragraph review of the Specifications indicating 
acceptance or any proposed deviations, the reason for exception, the 
exact nature of the exception and the proposed substitution so that a 
proper evaluation may be made by the Engineer.  The acceptability of any 
device or methodology submitted as an “or equal’ or “exception” to the 
specifications shall be at the sole discretion of the Engineer. 

 
3. Project schedule shall be prepared and submitted using Microsoft Project 

scheduling software.  Schedule shall be prepared in Gantt chart format 
clearly showing task linkages for all tasks and identifying critical path 
elements.  PCSI schedule must be based on the General Contractor 
schedule and must meet all field installation, testing, and start-up 
milestones in that schedule.  The project schedule shall illustrate all major 
project milestones including the following: 

 
a. Schedule for all subsequent project submittals.  Include in the time 

allotment the time required for Contractor submittal preparation, 
Engineer’s review time, and a minimum of two complete review cycles.  

 
b. Proposed dates for all project coordination meetings. 
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c. Hardware purchasing, fabrication, and assembly (following approval of 
related submittals). 

 
d. Software purchasing and configuration (following approval of related 

submittals). 
 

e. Shipment of all instrument and control system equipment. 
 

f. Installation of all instrument and control system equipment. 
 

g. Testing: Schedule for all testing including at a minimum the 
Unwitnessed Factory Test, Witnessed Factory Test, Operational 
Readiness Test, Functional Acceptance Test, and 30 Day Acceptance 
Test.  Testing schedule shall include submittal of test procedures a 
minimum of 30 days prior to commencement of testing.  Schedule shall 
also include submittal of completed test procedure forms for review 
and approval by the Engineer prior to shipment, startup, or subsequent 
project work. 

 
h. Schedule for system cutover, startup, and/or going on-line for each 

major system.  At a minimum include the schedule for each process 
controller and HMI server/workstation provided under this Contract. 

 
i. Schedule for all training including submittal and approval of O&M 

manuals, factory training, and site training. 
 
D. Coordination Meetings Agenda:  Agendas shall be submitted for the 

Coordination Meetings as specified herein.  Submit proposed Control System 
Coordination Meeting Agenda a minimum of two weeks prior to the scheduled 
meeting date for review and comment by the Engineer. 

 
E. Hardware, Panel Drawing, Loop Drawing and Software Submittal 
 

1. Shop drawings shall be submitted as detailed herein.  They shall be 
complete; giving equipment specifications, details of connections, wiring, 
ranges, installation requirements, and specific dimensions.  Submittals 
consisting of only general sales literature will not be acceptable.  It is 
acceptable that individual sections outlined in this paragraph be included 
in separate submittals (i.e. Field Instruments, Digital System Hardware, 
Digital, System Software, etc.). 

 
2. Field Instruments 

 
a. Submit complete documentation of all field instruments using ISA-S20 

data sheet formats.  Submit a complete Bill of Materials (BOM) or 
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Index that lists all instrumentation equipment ordered by the loop 
numbering system as shown in the Contract Documents. 

 
b. Submit separate data sheets for each instrument including: 

 
(1) Plant Equipment Number and ISA tag number per the P&IDs 

 
(2) Product (item) name used herein and on the Contract Drawings 

 
(3) Manufacturer's complete model number 

 
(4) Location of the device 

 
(5) Input - output characteristics 

 
(6) Range, size, and graduations in engineering units. 

 
(7) Physical size with dimensions, enclosure NEMA classification and 

mounting details in sufficient detail to determine compliance with 
the requirements of the Contract Documents. 

 
(8) Materials of construction for enclosure and wetted parts. 

 
(9) Instrument or control device sizing calculations where applicable 

 
(10) Certified calibration data for all flow metering devices. 

 
(11) Two-wire or four-wire device type as applicable. 

 
c. Submit index and data sheets in electronic format as well as hard 

copies on  

d. 8-1/2” x 11” formats.  Electronic format shall be in Microsoft Excel or 
Word.  Submit electronic copy on 3-1/2-inch floppy diskette formatted 
for IBM compatible personal computers. 

 
e. Submit details of field instrument profibus digital network interface 

including type, wiring requirements, configuration details, device 
addressing, and interface to the process control system. 

 
3. Digital Equipment Hardware 

 
a. Catalog cuts for Programmable Logic Controller (PLC) equipment 

including central processing units, memory, input modules, output 
modules, modems, network interface modules, mounting racks, and 
power supplies.  Submit system bill of materials and descriptive 

13300-10 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements          PROCESS INSTRUMENTATION AND 
WBS No. S-000056-0071-4                               CONTROLS – GENERAL PROVISIONS  

literature for each hardware component that fully describes the units 
being provided.  Any deviation of the hardware systems from the 
preliminary hardware submittal included in the Process Plan shall be 
described in detail.  

 
 

b. Complete system Input/Output (I/O) list for equipment connected to the 
control system under this Contract.  The I/O list shall be submitted in 
both a Microsoft Excel readable electronic file format on a CD-ROM 
and an 8-1/2 inch by 11-inch hard copy.  The I/O list shall include I/O 
name (or spare), type, physical location, point address, functional 
description (text that includes signal source, control function, etc.), 
range (engineering units) and equivalent analog to digital “count” 
conversion, alarm limits (low-low, low, high, high-high, etc.), relay 
normal status contact configuration.  The I/O list shall be sorted in 
order by: 

 
(1) Physical location: Panel, Rack, CPU Name, or Remote I/O Drop 

 
(2) I/O Type: AI, AO, DI, DO, PI, PO, etc. 

 
(3) Loop Number 

 
(4) Device Tag 

 
c. Complete system architecture diagram showing in schematic form, the 

interconnections between major hardware components including 
control centers, panels, power supplies, consoles, computer and 
peripheral devices, networking equipment, PLC processors, PLC I/O 
modules, local operator interfaces, and like equipment.  The system 
architecture shall be complete and shall depict all required cables, 
media type between components, raceway requirements (conduit, 
wireway, etc.), raceway identification, network protocol used at each 
network level, details on connection requirements such as cable pin-
outs, port numbers, and rack slot numbers.  The intent of this 
specification requirement is for the PCSI to develop a diagram that is 
complete in every aspect to allow purchase of all required equipment 
by part number, and to allow a qualified technician to interconnect all 
equipment without having to refer to additional manuals or literature. 
Minimum sheet size shall be 11x17 and using a larger sheet size or 
more than one sheet will be acceptable. 

 
d. UPS and battery sizing calculations to verify compliance with the 

specified power usage and backup power duration requirements. 
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e. A list of all hardware electrical and environmental characteristics and 
requirements.  All planning information, site preparation instructions, 
grounding and bonding procedures, cabling diagrams, plug 
identifications, safety precautions or guards, and equipment layouts in 
order to enable the Contractor to proceed with the detailed site 
preparation for all equipment. 

 
f. Submit details of field instrument, valve, power monitoring, and 

profibus digital networks.  Submittal shall include details of the profibus 
technology including type, wiring requirements, configuration details, 
device addressing, and interface to the process control system.  
Include details of the profibus configuration for each field level digital 
network and subnetwork. 

 
4. Digital System Software 

 
a. Submit details of the controller, local operator graphic panel, and HMI 

software application packages to be used for each piece of equipment.  
Indicate all standard and optional features provided.  Include copies of 
license agreements indicating assignment of licenses to the Owner.  
Any deviation of the software platforms from the preliminary software 
submittal included in the Process Plan shall be described in detail. 

 
b. Submit details of field instrument, valve, power monitoring, and 

profibus digital network configuration software.  Submittal shall include 
details of the profibus technology configuration details, device 
addressing, and software interface to the process control system.  
Include details of the profibus network operation and performance in 
sufficient detail to verify conformance with the Contract Documents. 

 
5. Panel Drawings:  Drawings shall be furnished for all panels, consoles, and 

equipment enclosures specified in related Section of Division 13.  Panel 
assembly and elevation drawings shall be drawn to scale and detail all 
equipment in or on the panel.  Panel drawings shall be 11x17 minimum in 
size.  As a minimum, the panel drawings shall include the following: 

 
a. Interior and exterior panel elevation drawings to scale. 

 
b. Nameplate schedule. 

 
c. Conduit access locations. 

 
d. Panel construction details. 
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e. Cabinet assembly and layout drawings to scale.  The assembly 
drawing shall include a bill of material on the drawing with each panel 
component clearly defined.  The bill of material shall be cross-
referenced to the assembly drawing so that a non-technical person can 
readily identify any component of the assembly by manufacturer and 
model number. 

 
f. Fabrication and painting specifications including color (or color 

samples). 
 

g. Panel control schematics and interconnection diagrams detailing the 
electrical connections of all equipment in and on the panel.  Diagrams 
shall include power and signal connections, UPS and normal power 
sources, all panel ancillary equipment, protective devices, wiring and 
wire numbers, and terminal blocks and numbering. 

 
h. Submit construction details, NEMA ratings, intrinsically safe barrier 

information, gas sealing recommendations, purging system details, etc. 
for panels located in hazardous locations or interfacing to equipment 
located in hazardous areas. 

 
i. Heating and cooling calculations for each panel supplied indicating 

conformance with cooling requirements of the supplied equipment and 
environmental conditions.  Calculations shall include the recommended 
type of equipment required for both heating and cooling. 

 
j. Submit evidence that al control panels shall be constructed in 

conformance with UL 508 and bear the UL seal confirming the 
construction.  Specify if UL compliance and seal application shall be 
accomplished at the fabrication location or by field inspection by UL 
inspectors.  All costs associated with obtaining the UL seal and any 
inspections shall be borne by the Contractor and included in the 
Project Bid Price. 
 

6. ISA Loop Wiring Diagrams:  Detailed Instrumentation, Systems and 
Automation Society (ISA) loop wiring diagrams showing requirements for 
each loop which is shown on the contract drawings.  The Loop Drawings 
shall be prepared in accordance with ISA Standard S5.4 latest edition with 
the layout following Figures 5 and 6 (shown in the S5.4 Standard), titled 
“Mimimum Required Items Plus Optional items”.  Loop drawings shall be 
8.5” x11” minimum in size.  The information required on the Loop 
Drawings in order to satisfy the “minimum” and “optional” requirements are 
as follows: 
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a. Minimum Required Items – The following information shall be provided 
on Loop Drawings in order to meet this requirement:   

 
(1) Identification of the loop and loop components shown on the 

P&IDs. Other principal components of the loop to be shown and 
identified under ISA-5.1, “Instrumentation Symbols and 
Identification”.  

 
(2) Word description of loop functions within the title. If not adequate, 

use a supplemental note. Identify any special features or functions 
of shutdown and safety circuits. 

 
(3) Indication of the interrelation to other instrumentation loops, 

including overrides, interlocks, cascaded set points, shutdowns and 
safety circuits.  

 
(4) All point-to-point interconnections with identifying numbers or colors 

of electrical cables, conductors, pneumatic multitubes, and 
individual pneumatic and hydraulic tubing. This identification of 
interconnections includes junction boxes, terminals, bulkheads, 
ports, and grounding connections. 

 
(5) General location of devices such as field, panel, auxiliary 

equipment, rack, termination cabinet, cable spreading room, I/O 
cabinet, etc.  

 
(6) Energy sources of devices, such as electrical power, air supply, 

and hydraulic fluid supply. Identify voltage, pressure, and other 
applicable requirements. For electrical sources, identify circuit or 
disconnect numbers.  

 
(7) Process lines and equipment sufficient to describe the process side 

of the loop and provide clarity of control action. Include what is 
being measured and what is being controlled.  

 
(8) Actions or fail-safe positions (electronic, pneumatic, or both) of 

control devices such as controllers, switches, control valves, 
solenoid valves, and transmitters (if reverse- acting). These are to 
be identified in accordance with ISA-5.1, “Instrumentation Symbols 
and Identification”.  

 
b. Required Items – The following information shall be provided on Loop 

Drawings (in a tabular format as shown in Figures 5 and 6 of ISA 5.4) 
in order to meet this requirement: 
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(1) Process equipment, lines, and their identification numbers, source, 
designation, or flow direction.  

 
(2) Reference to supplementary records and drawings, such as 

installation details, P&l Ds, location drawings, wiring diagrams or 
drawings, and instrument specifications.  

 
(3) Specific location of each device, such as elevation, area, panel 

subdivision, rack or cabinet number and location, I/O location, etc.  
 

(4) Cross reference between loops that share a common discrete 
component, such as multipen recorders, dual indicators, etc.  

 
(5) References to equipment descriptions, manufacturers, model 

numbers, hardware types, specifications or data sheets, purchase 
order numbers, etc.  
 

c. Signal ranges and calibration information, including setpoint values for 
switches, and alarm and shutdown devices.  

 
(6) Software reference numbers, such as I/O addresses, control block 

types and names, network interfaces, point names, etc.  
 

(7) Engraving or legend information that helps identify the instrument 
or accessory. ISA-5.4-1991 11. 

 
(8) Accessories, tagged or otherwise identified, such as regulators, 

filters, purge meters, manifold valves, root valves, etc. 
 

(9) References to manufacturer’s documentation such as schematics, 
connection details, operating instructions, etc. 

 
(10) Color code identification for conductors or tubes that use numbers 

for differentiation. 
 

d. Point-to-Point I/O Wiring Diagrams:  Point to point I/O wiring diagrams 
depicting wiring within the panel as well as connections to external 
devices.  The diagram shall identify all device terminal points that the 
system connects to, including terminal points of equipment not 
supplied by the PCSI,  Wiring labeling used on the drawings shall 
match that shown on the Contract Documents or as developed by the 
PCSI and approved by the Engineer.  Field device wiring shall include 
the device ISA-tag and a unique numeric identifier.  PLC I/O wiring 
shall be numbered with rack number, slot number, and point number.  
Two-wire and four-wire equipment shall be clearly identified and power 
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sources noted.  Submit final wire numbering scheme for approval by 
the Engineer.  Point-to-Point drawings shall be 11” x17” minimum in 
size. If ISA Loop Wiring Diagrams are also specified in the paragraph 
above, equipment external to the control panel and related external 
connections do not need to be shown on the Point-to-Point I/O Wiring 
Diagrams. 

 
F. Testing Plan 
 

1. Test Procedure Submittals:  Submit the procedures proposed to be 
followed for each test.  Procedures shall include test descriptions, forms, 
and checklists to be used to control and document the required tests. 
Include sign-off forms for each testing phase or loop (per the 
specifications) with sign-off areas for the PCSI, Engineer, and Owner.  
Refer to Part 3 of this section for complete testing requirements.  Submit 
separate procedures for each specified test phase including: 

 
a. Unwitnessed Factory Test 

 
b. Witnessed Factory Test 

 
c. Operational Readiness Test (ORT) 

 
d. Functional Acceptance Test (FAT) 

 
e. 30-Day Acceptance Test. 

 
2. Test Documentation:  Upon completion of each required test, document 

the test by submitting a copy of the signed off test procedures.  Testing 
shall not be considered complete until the signed-off test procedures have 
been submitted and favorably reviewed.  Submittal of other test 
documentation, including “highlighted” wiring diagrams with field 
technician notes are not acceptable substitutes for the formal test 
documentation. 

 
3. Testing Requirements. 

 
a. Each loop shall have a Loop Status Report to organize and track its 

inspection, adjustment and calibration.  These reports shall include the 
following information and checkoff items:  

 
(1) Project Name. 

(2) Loop Number. 
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(3) Detailed test procedure indicating exactly how the loop will be 
tested including all required test equipment, necessary terminal 
block numbers, and simulation techniques required. 

(4) Tag Number for each component. 

(5) Checkoffs/signoffs for each component. 
 

a) Tag/identification 

b) Installation 

c) Termination - wiring 

d) Termination - tubing 

e) Calibration/adjustment 
 

(6) Checkoffs/signoffs for the loop. 
 

a) Panel interface terminations 

b) I/O interface terminations 

c) I/O signal operation 

d) Inputs/outputs operational:  received/sent, processed, adjusted 

e) Total loop operation 
 

(7) Space for comments. 
 

(8) Sign off and date fields for the Contractor, the Engineer, and the 
PCSI. 

 
b. Each active analog subsystem element and each I/O module shall 

have a Component Calibration Sheet.  These sheets shall have the 
following information including space for data entry:  

 
(1) Project Name. 

(2) Loop Number. 

(3) ISA Tag Number and I/O Module Address. 

(4) Manufacturer. 
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(5) Model Number/Serial Number. 

(6) Summary of Functional Requirements.  For example: 
 

a) For Indicators:  Scale ranges 

b) For Transmitters/Converters:  Scale and chart ranges 

c) For Computing Elements:  Function 

d) For Controllers:  Action (direct/reverse) control modes (PID) 

e) For Switching Elements:  Unit range, differential 
(FIXED/ADJUSTABLE), reset (AUTO/MANUAL) 

f) For I/O Modules:  Input or output 
 

(7) Calibrations; for example: 
 

g) For Analog Devices:  Required and actual inputs and outputs at 
0, 10, 50 and 100 percent of span, rising and falling. 

h) For Discrete Devices:  Required and actual trip points and reset 
points. 

i) For Controllers:  Mode settings (PID). 

j) For I/O Modules:  Required and actual inputs or outputs for 0, 
10, 50 and 100 percent of span, rising and falling. 

(8) Space for comments. 
 

(9) Sign off and date fields for the Contractor, the Engineer, and the 
PCSI.  

 
G. Training Plan 
 

1. Preliminary Training Plan Submittal: Prior to the preparation of the Final 
Training Plans, submit outlines of the specific training, resumes of trainers, 
prerequisite requirements for each class, and general samples of 
handouts for review.   

 
2. Final Training Plan Submittal:  Upon receipt of the Engineer's comments 

on the preliminary training plan, submit the specific proposed training plan.  
The training plan shall include: 

 
a. Definitions of each course. 
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b. Specific course attendance. 

 
c. Schedule of training courses including dates, duration and locations of 

each class. 
 

d. Complete copy of all proposed handouts and training materials.  
Training information shall be logically arranged in a three ring binder 
with all materials reduced to a maximum size of 11 inch by 17 inch, 
then folded to 8.5 inch by 11 inch for inclusion into the binder. 

 
 
H. Spares, Expendables, and Test Equipment Lists Submittal 
 

1. This submittal shall include for each Subsystem: 
 

a. A list of, and descriptive literature for, spares, expendables, and test 
equipment as specified in Division 13.  

 
b. A list of, and descriptive literature for, additional spares, expendables, 

and test equipment recommended by the manufacturer.  
 

c. Unit and total costs for the additional spare items specified or 
recommended for each subsystem. 

 
I. Certification of Installation 
 

1. After completion of system installation, submit written certification on 
PCSI's letterhead that the system installation has been completed to the 
PCSI's satisfaction as specified.   

 
J. Final System Documentation 
 

1. The operations and maintenance manuals shall be bound in three ring 
binders, maximum size of three inches, with Drawings reduced to 11 inch 
by 17 inch, then folded to 8.5 inch by 11 inch for inclusion.  Each section 
shall have a uniquely colored binder tab divider, and each component 
within each section shall have a separate binder tab divider. 

 
2. The operations and maintenance manuals shall, at a minimum, contain 

the following: 
 

a. A Table of Contents for the entire manual with the specific contents of 
each volume clearly listed. 
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b. An instrument list for all devices supplied including tag number, 
description, specification section and paragraph number, 
manufacturer, model number, serial number, range, span, setpoint(s), 
location, manufacturer phone number, local supplier name, local 
supplier phone number, 2004 replacement cost, and any other 
pertinent data. 

 
c. An equipment list for all non-instrument devices supplied listing 

description, specification section and paragraph number, 
manufacturer, model number, serial number, location, manufacturer 
phone number, local supplier name, local supplier phone number, 
2004 replacement cost, and any other pertinent data. 

 
d. ISA S20 data sheet for every type of device including instruments, 

control devices, computer hardware, panel devices, UPS systems, 
package systems, software, networking equipment, and miscellaneous 
device.  

 
e. Detailed service, maintenance and operation instructions for each item 

supplied as follows: 
 

(1) Operation Information - this information shall include a description 
of how the equipment operates and a block diagram illustrating 
each major assembly in the equipment. 

 
(2) Preventative Maintenance Instructions - these instructions shall 

include all applicable visual examinations, hardware testing and 
diagnostic routines and the adjustments necessary for periodic 
preventive maintenance of the system. 

 
(3) Corrective Maintenance Instructions - these instructions shall 

include guides for locating malfunctions down to the card 
replacement level.  These guides shall include adequate details for 
quickly and efficiently locating the cause of an equipment 
malfunction and shall state the probable source(s) of trouble, the 
symptoms, probable cause and instructions for remedying the 
malfunction. 

 
(4) Parts Information - this information shall include the identification of 

each replaceable or field repairable module.  All parts shall be 
identified on a list in a drawing; the identification shall be of a level 
of detail sufficient for procuring any repairable or replaceable part.  
Cross references between PCSI's part number and manufacturer's 
part numbers shall be provided. 
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f. Special maintenance requirements particular to this system shall be 
clearly defined, along with special calibration and test procedures. 

 
g. Complete as-built drawings, including panel drawings, fabrication 

drawings, wiring diagrams, loop diagrams, and point-to-point wiring 
diagrams.  Drawings shall depict all components, piping, and electrical 
connections of the systems supplied under this Section.  This includes 
all termination points on all equipment the system in connected to, 
including terminal points of equipment not supplied by the PCSI.  

 
h. Submit original software diskettes, CD-ROMs, or data packs of all 

software provided under this Contract.  Submit original paper based or 
electronic documentation of all software provided.  Submit license 
agreement information including serial numbers, license agreements, 
User Registration Numbers, etc.  All software provided under this 
Contract shall be licensed to the Owner. 

 
i. As built documentation shall include information from submittals, as 

described in this Specification, updated to reflect the as built system.  
Any errors in or modifications to the system resulting from the Factory 
and/or Functional Acceptance Tests shall be incorporated in this 
documentation. 

 
3. The Hardware Maintenance Documentation shall describe the detailed 

preventive and corrective procedures required to keep the system in good 
operating condition.  Within the complete Hardware Maintenance 
Documentation, all hardware maintenance manuals shall make reference 
to appropriate diagnostics, where applicable, and all necessary timing 
diagrams shall be included.  A maintenance manual or a set of manuals 
shall be furnished for all delivered hardware, including peripherals.  The 
Hardware Maintenance Documentation shall include, as a minimum, the 
following information: 

 
a. Operation Information - include a detailed description of how the 

equipment operates and a block diagram illustrating each major 
assembly in the equipment. 

 
b. Preventative Maintenance Instructions - These instructions shall 

include all applicable visual examinations, hardware testing and 
diagnostic routines and the adjustments necessary for periodic 
preventive maintenance of the System. 

 
c. Corrective Maintenance Instructions - include guides for locating 

malfunctions down to the card replacement level.  These guides shall 
include adequate details for quickly and efficiently locating the cause of 
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an equipment malfunction and shall state the probable source(s) of 
trouble, the symptoms, probable cause and instructions for remedying 
the malfunction. 

 
d. Parts Information - include the identification of each replaceable or field 

repairable module.  All parts shall be identified on a list in a drawing; 
the identification shall be of a level of detail sufficient for procuring any 
repairable or replaceable part.  Cross references between systems 
PCSI's part number and manufacturer's part numbers shall be 
provided. 

 
 

4. The Contractor shall provide Operator's Manuals for the system operators.  
These manuals shall be separately bound and shall contain all information 
necessary for the operator to operate the system.  The manuals shall be 
written in non-technical terms and shall be organized for quick access to 
each detailed description of the operator's procedure.  Manuals shall 
contain, but not be limited to, the following information: 

 
a. A simple overview of the entire system indicating the function and 

purpose of each piece of equipment. 
 

b. A detailed description of the operation of the HMI and Local Operator 
Panels including all appropriate displays. 

 
c. A detailed operational description of all hardwired panels. 

 
d. Step by step procedures for starting up or shutting down an individual 

component. 
 

e. Step by step procedures for starting up and shutting down the entire 
system. 

 
f. A comprehensive description of the operation and control of each plant 

process. All operator actions to these processes and the associated 
reaction described. 

 
g. A complete glossary of terms. 

 
h. Complete, step-by-step procedures for performing complete system or 

selected file backup and restoration. 
 

5. Final documentation shall include the results of all PID controller loop 
tuning procedures per the requirements of Part 3 of this specification.  
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Submit tuning documentation for all PID loops included in this Contract 
including all identical loops in parallel process trains. 

 
a. Submit calculations and computer system trend screen printouts 

demonstrating achievement of final control element damping and 
stability criteria. 

 
b. For cascade loops, submit charts showing response of the secondary 

loop with secondary setpoint on manual and also response of the 
entire cascade control loop in automatic mode. 

 
6. The PCSI's final documentation shall be new documentation written 

specifically for this project, but may include standard and modified 
standard documentation.  Modifications to existing hardware manuals 
shall be made on the respective pages or inserted adjacent to the 
modified pages.  All standard documentation furnished shall have all 
portions that apply clearly indicated.  All portions that do not apply shall be 
lined out. 

 
7. The manuals shall contain all illustrations, detailed drawings, wiring 

diagrams and instructions necessary for installing, operating and 
maintaining the equipment.  The illustrated parts shall be numbered for 
identification.  All information shall apply specifically to the equipment 
furnished and shall only include instructions that are applicable.  

 
8. If the PCSI transmits any documentation or other technical information, 

which he/she considers proprietary, such information shall be designated.  
Documentation or technical information which is designated as being 
proprietary will be used only for the design, construction, operation, or 
maintenance of the system and, to the extent permitted by law, will not be 
published or otherwise disclosed. 

 
9. Electronic O&M Information 

 
a. In addition to the hard copy of O&M data, provide whenever possible 

an electronic version of all equipment manuals.  Electronic text shall be 
supplied in either Microsoft Word format or Adobe Acrobat format.   

 
b. Provide electronic files for all custom-developed manuals.  Text shall 

be supplied in both Microsoft Word format and Adobe Acrobat format.   
 

c. Provide digital copies of all training videos. 
 

d. Supply all electronic files on CDROM or DVD. 
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10. The cover and edge of each volume shall contain the following 
information: 

 
Project Name (refer to Contract Documents) 
Contract Number (refer to Contract Documents) 
 
Instrumentation and Control System 
Hardware Operations and Maintenance Manual 
Specification Sections _____, _____, ______ 
 
Subcontractor Name 
Date 
Volume X of Y  
(Where X is the volume number and Y is the number of volumes) 

 
11. Retrofit Documentation - The PCSI shall investigate, diagnose, repair, 

update and distribute all pertaining documentation of deficiencies, which 
become evident during the warranty period.  All such documentation shall 
be submitted to the Engineer within 30 days of solving the problem. 

 
1.06 REFERENCE STANDARDS 

 
A. American Society for Testing and Materials (ASTM). 
 

1. ASTM A269 - Standard Specification for Seamless and Welded Austenitic 
Stainless Steel Tubing for General Service. 

 
B. Instrumentation, Systems, and Automation Society (ISA) 
 

1. ISA S5.2 - Binary Logic Diagrams for Process Operations  
 

2. ISA S5.3 - Graphic Symbols for Distributed Control/Shared Display 
Instrumentation Logic and Computer Systems. 

 
3. ISA S5.4 - Instrument Loop Diagrams 

 
C. American National Standards Institute (ANSI) 
 

1. ANSI X3.5 - Flowchart Symbols and Their Usage in Information 
Processing 

 
D. National Electrical Manufacturers Association (NEMA) 
 
E. Where reference is made to one of the above standards, the revision in effect 

at the time of bid opening shall apply. 
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1.07 PCSI QUALIFICATION 

 
A. The PCSI shall perform all work necessary to select, furnish, configure, 

customize, debug, install, connect, calibrate, and place into operation all 
hardware and software specified within this specification and other related 
divisions of this specification. 

 
B. The PCSI shall be a “systems house” regularly engaged in the design and 

installation of computer systems and their associated subsystems as they 
apply to the municipal water or wastewater industry.  For the purposes of this 
specification section, a “systems house” shall be interpreted to mean an 
organization that complies with all of the following criteria: 

 
1. Employs a registered professional Control Systems Engineer or Electrical 

Engineer to supervise or perform the work required by this specification 
section. 

 
2. Employs personnel on this project who have successfully completed a 

manufacturer’s training course on the configuration and implementation of 
the specific programmable controllers, computers, and software proposed 
for this project. 

 
3. Has performed work of similar or greater complexity on at least three 

projects within the last five years and has implemented and completed at 
least one of the three projects with the proposed HMI software. 

 
4. Has been in the water/wastewater industry performing the type of work 

specified in this specification section for a minimum of five continuous 
years. 

 
C. The PCSI shall maintain a fully equipped office/production facility with full time 

employees capable of fabricating, configuring, installing, calibrating, 
troubleshooting, and testing the system specified herein. Qualified repair 
personnel shall be available and capable of reaching the facility within 24 
hours. 

 
D. Actual installation of the system need not be performed by the PCSI’s 

employees; however, the PCSI shall provide the onsite technical supervision 
of the installation. 

 
E. The PCSI shall furnish equipment which is the product of one manufacturer to 

the maximum practical extent.  Where this is not practical, all equipment of a 
given type shall be the product of one manufacturer. 
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F. The General Contractor must name the proposed PCSI on the bid document.  
Only pre-approved suppliers will be accepted.  The PCSI shall be one of the 
following: 

 
1. MCC Weimar       3. Prime Controls, LP 

Weimar Manufacturing             10400 Westoffice Drive, Suite 105 
505 South Eagle St.   Houston, TX 77042 
Weimar, TX 78962 Attn: Weldon Mahan 
Attn: Frank Macaulay Phone: 713-244-9747 
Phone: 979-725-8527  

 
2. Boyer Inc. 4. BL Technology, Inc. 

8904 Fairbanks  1730 S. Cherry  St.   
N. Houston Road Tomball, TX 77375 
Houston, TX 77064 Attn:  Bob Lee 
Attn: Stacy Jordan Phone: 281-308-5100 
Phone: 713-466-5395  

 
G. Being listed in this specification section does not relieve any potential PCSI 

from meeting the qualifications specified in this section. 
 
H. Listed PCSI’s will not be required to submit a qualification proposal.  

Suppliers interested in being listed, as an equal shall submit three (3) copies 
of a qualification proposal to the Engineer no later than two weeks before the 
bid opening date.  A list of approved equals will be issued no later than four 
(4) days before the bid opening date. 

 
1. The qualification proposal shall provide details and a description of how 

the supplier proposes to fulfill the requirements set forth in this 
Specification.  The supplier shall present the proposal in sufficient detail 
so that proper evaluation regarding the experience and capabilities of the 
supplier can be performed. 

 
a. The proposal shall contain evidence that the supplier has sufficient 

financial resources to meet the obligations incidental to the 
performance of the work including available bonding.  (This 
requirement may be provided in the form of a verifiable or certified 
financial report for the company's latest fiscal year). 

 
b. The proposal shall contain a list of personnel available for assignment 

to the responsible positions of Project Manager, Project Engineer, 
Lead Programmer, Installation Supervisor, and Area Service 
Representative.  Also, include a concise resume of each individual's 
education, work experience, and accomplishments. 
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c. The proposal shall contain the following specific information: 
 

(1) Maintenance services available for hardware and software: 
Evaluation will be based on the supplier's capability to provide the 
required routine and emergency services.  The supplier's proposal 
is to describe the capabilities and location of his/her nearest (to job 
site) service organization.  It is the intent of the Specification to 
obtain all system maintenance services from the supplier.  If the 
supplier intends to subcontract all or portions of the service 
requirements, it must be stated as such along with the name and 
address of the organization. 

 
(2) Technical validation examples of recently completed and similar 

scope projects: The supplier shall provide information regarding 
type, size, complexity, and performance of five (5) systems recently 
completed, along with names, addresses, and telephone numbers 
of persons qualified to verify supplier’s statements approximate 
cost of the instrumentation system supplied, project completion 
date and description.  Evaluation shall be based on the similarity of 
system requirements and supplier’s performance. 

 
(3) A description of how the supplier plans to execute the various 

functions and locations where the various portions of the work will 
be performed, coordinated and managed (e.g., design, engineering, 
manufacturing, programming, testing and scheduling).  The vendor 
is required to state in his/her proposal those functions, which 
he/she intends to subcontract to other organizations and include 
the name, address and capabilities of these organizations. 

 
d. The supplier shall be required to demonstrate a minimum of five (5) 

years recent, past experience in the design, manufacture and 
commissioning of instrumentation and control systems of comparable 
size, type and complexity to the proposed project.  The supplier shall 
be required to have his/her own in house capability to handle complete 
system engineering, fabrication, and testing. 

 
e. The supplier shall indicate that he/she has in his/her employ capable 

personnel for detailed engineering, coordination, drafting, procurement 
and expediting, scheduling, construction, testing, inspection, 
installation, training start up service for calibration and commissioning 
and warranty compliance for the period specified. 

 
1.08 SYSTEM DESCRIPTION 
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A. The computer/PLC-based control system shall connect via an Ethernet data 
highway and utilize Profibus and Modbus communications from the field I/O 
devices to the PLC’s as shown on the Contract Drawings.  The control system 
shall monitor and control the plant process as shown on the Contract 
Drawings, and where otherwise specified. 

 
B. All control system components at the PLC level shall be products of Siemens 

Energy and Automation Inc.  Field instruments are specified in section 13315.   
 
C. The PCSI shall calibrate all new instrumentation and other transmitters 

installed under this contract. 
 
D. The control system shall be designed to collect and store operating 

information, perform process control, monitor and report non-normal 
operating conditions, equipment failures, perform plant process calculations, 
provide plant operating displays and reports, handle special application 
programs for lab data, equipment maintenance, inventory maintenance, and 
power management. 

 
E. The overall system shall be an intelligent type PLC based control system 

configured in a hierarchical arrangement connected via a fiber optic data 
Ethernet (Standard IEEE 802.3) communications highway consisting of 
hardware and instruments specified in Division 13 and as shown on the 
Drawings.  

 
1.09 DELIVERY, STORAGE AND HANDLING 

 
A. Provide Delivery, Storage, and Handling requirements per Specification 

Section 01610 and as specified below: 
 
B. Shipping Precautions 
 

1. After completion of shop assembly, factory test, and approval, all 
equipment, cabinets, panels, and consoles shall be packed in protective 
crates and enclosed in heavy duty polyethylene envelopes or secured 
sheeting to provide complete protection from damage, dust and moisture.  
Dehumidifiers shall be placed inside the polyethylene coverings.  The 
equipment shall then be skid mounted for final transport.  Lifting rings shall 
be provided for moving without removing protective covering.  Boxed 
weights shall be shown on shipping tags together with instructions for 
unloading, transporting, storing, and handling at jobsite. 

 
2. Special instructions for proper field handling, storage, and installation 

required by the manufacturer for proper protection, shall be securely 
attached to the packaging for each piece of equipment prior to shipment.  
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The instructions shall be stored in resealable plastic bags or other 
acceptable means of protection. 

 
3. None of the control equipment shall be shipped to the site until the 

room(s) are environmentally suitable. 
 

4. All equipment supplied under Sections 13315 shall be shipped to the job 
site via a dedicated air ride van.  Custody sheets for the transfer of all 
equipment shall be maintained and a signed copy given to the general 
contractor for book keeping purposes. 

 
C. Identification 
 

1. Each component shall be tagged to identify its location, tag number and 
function in the system.  Identification shall be prominently displayed on the 
outside of the package. 

 
2. Each piece of equipment supplied shall have a permanent stainless steel 

tag firmly attached and permanently and indelibly marked with the 
instrument tag number, as given in the Drawings. 

 
D. Storage 
 

1. Equipment shall not be stored out of doors.  Equipment, including in line 
equipment, shall be stored in dry permanent shelters and adequately 
protected against mechanical injury.  If any apparatus has been damaged, 
the General Contractor, at his own cost and expense, shall repair such 
damage.  If any equipment has been subject to possible damage by water, 
it shall be thoroughly dried and put through such tests as directed by the 
Engineer.  Any repair or replacement shall be at the cost and expense of 
the General Contractor. 

 
1.10 PROJECT/SITE REQUIREMENTS 

 
A. Environmental Requirements.  Air-conditioned areas require NEMA Type 12 

ventilated enclosures.  Equipment below grade shall be NEMA Type 4X.  All 
other areas require NEMA Type 4X stainless steel enclosures.  Refer to 
Division 16 for area environmental hazardous classifications.  All 
instrumentation enclosures and all instruments mounted outdoors shall be 
furnished with sun shields. 

 
B. Elevation.  Equipment shall be designed to operate at a ground elevation of 

approximately 1500 feet above mean sea level. 
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C. Temperature.  Indoor areas' equipment shall be suitable for 10 to 35 C 
degrees ambient.  Outdoor areas' equipment shall be suitable for 30 to 50 C 
degrees ambient.  Storage temperatures shall range from zero to 50 C 
degrees ambient.  Additional cooling or heating shall be furnished if required 
by the equipment. 

 
D. Relative Humidity.  Air-conditioned area equipment shall be suitable for 20 to 

95 percent relative, non condensing humidity.  All other equipment shall be 
suitable for 0 to 100 percent relative, condensing humidity. 

 
E. Power Supply.  120 volts AC sources of electric supply shall be unregulated 

industrial panel boards. 
 

1.11 MAINTENANCE 
 
A. Tools 
 

1. A complete service kit shall be furnished.  The service kit shall be the 
latest version as manufactured by Fluke.  The kit shall be supplied in a 
durable, high-density, polyethylene case. 

 
2. A complete DMM kit shall be provided in an injection molded or high-

density polyethylene case.  The DMM shall be the latest model as 
manufactured by Fluke. 

 
3. A complete Microtest OMNIscanner2 cable test kit shall be provided in an 

injection molded or high-density polyethylene case.  The kit shall include 
the following accessories in the case.  Spare battery pack, 32MB 
multimedia card, USB card reader, USB cable, ST-ST and ST-SC duplex 
62.5 fiber patch cables. 

 
B. Test Equipment 
 

1. Test equipment shall be provided, together with items such as an 
instruction manual, carrying/storage cases, a unit battery charger where 
applicable, special tools, calibration fixtures, cord extenders, patch cords 
and test leads, which are not specified but are necessary for checking field 
operation of equipment supplied under this Section. 

 
2. One (1) portable digital multi meter (DMM) with rechargeable battery and 

test leads, and carrying case, Fluke Model 8060A, or equal. 
 

3. One (1) electronic indicator/calibrator test set with rechargeable battery, 
case and test leads capable of simultaneous measurement and 
generation of process level signals and to monitor both functions on a dual 
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display without switching, Transmation Inc., Model 1080, or equal. 
Additional test equipment is defined in the related specification sections. 

 
C. Spare Parts 
 

1. Spare parts shall be as defined in the related specification sections.  All 
spare parts shall be new and unused. 

 
2. All spare parts shall be individually packaged and labeled. 

 
3. Provide one (1) gallon of touch up paint, in one quart containers, for each 

type and color used for all cabinets, panels, consoles, etc., supplied under 
the related specification sections. 

 
4. The spares listed above shall be packed in a manner suitable for long 

term storage and shall be adequately protected against corrosion, 
humidity, and temperature. 

 
D. Specialty Tools 
 

1. Any specialty software or hardware tools used on this project shall be 
turned over to the Owner. 

 
1.12 WARRANTY 

 
A. Provide equipment warranties per Section 01775, Warranties and Bonds, and 

herein. 
 

1.13 O & M MANUALS 
 
A. Prior to final acceptance of the system and owner training, operating and 

maintenance manuals covering instruction and maintenance on each type of 
equipment shall be furnished in accordance with Section 01782, Operating 
and Maintenance Data. 

 
B. The instructions shall be bound in three ring binders with Drawings reduced 

or folded for inclusion and shall provide the following as a minimum:  
 

1. A comprehensive index 
 

2. A complete "As Constructed" set of approved shop Drawings 
 

3. A complete list of the equipment supplied, including serial numbers, 
ranges, and pertinent data 
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4. Full specifications for each item 
 

5. System schematic drawings “As Constructed,” illustrating all components, 
piping and electrical connections of the systems supplied under this 
Section 

 
6. Detailed service, maintenance, and operation instructions for each item 

supplied 
 

7. Special maintenance requirements particular to this system clearly 
defined, along with special calibration and test procedures 

 
8. Operating instructions which incorporate a functional description of the 

entire system, with references to the systems schematic Drawings and 
instructions 

 
9. Complete parts lists with stock numbers and name, address, and 

telephone number of the local supplier 
 
C. The final documentation shall be new documentation written specifically for 

this project, but may include standard and modified standard documentation.  
Modifications to existing hardware or software manuals shall be made on the 
respective pages or inserted adjacently to the modified pages.  All standard 
documentation furnished shall have all portions that apply clearly indicated.  
All portions that do not apply shall be lined out. 

 
D. The manuals shall contain all illustrations, detailed drawings, wiring diagrams, 

and instructions necessary for installing, operating, and maintaining the 
equipment.  The illustrated parts shall be numbered for identification.  All 
information contained therein shall apply specifically to the equipment 
furnished and shall only include instructions that are applicable.  All such 
illustrations shall be incorporated within the printing of the page to form a 
durable and permanent reference book. 

 
E. If the PCSI transmits any documentation or other technical information, which 

he considers proprietary, such information shall be designated.  
Documentation or technical information which is designated as being 
proprietary will be used only for the design, construction, operation, or 
maintenance of the system and, to the extent permitted by law, will not be 
published or otherwise disclosed. 

 
F. The final documentation requirements are as follows: 
 

1. As-built documentation shall include all previous submittals, as described 
in this Specification, updated to reflect the as built system.  Any errors in 
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or modifications to the System resulting from the Factory and/or Field 
Acceptance Tests shall be incorporated in this documentation. 

 
2. The Hardware Maintenance documentation shall describe the detailed 

preventive and corrective procedures required to keep the System in good 
operating condition.  Within the complete Hardware Maintenance 
documentation, all hardware maintenance manuals shall make reference 
to appropriate diagnostics, where applicable, and all necessary timing 
diagrams shall be included.  A maintenance manual or a set of manuals 
shall be furnished for all delivered hardware, including peripherals.  The 
Hardware Maintenance documentation shall include, as a minimum, the 
following information: 

 
a. Operation Information - This information shall include a detailed 

description of how the equipment operates and a block diagram 
illustrating each major assembly in the equipment. 

 
b. Preventive Maintenance Instructions - These instructions shall include 

all applicable visual examinations, hardware testing, diagnostic 
routines, and the adjustments necessary for periodic preventive 
maintenance of the System. 

 
c. Corrective Maintenance Instructions - These instructions shall include 

guides for locating malfunctions down to the card replacement level.  
These guides shall include adequate details for quickly and efficiently 
locating the cause of an equipment malfunction and shall state the 
probable source(s) of trouble, the symptoms, probable cause, and 
instructions for remedying the malfunction. 

 
d. Parts Information - This information shall include the identification of 

each replaceable or field repairable module.  All parts shall be 
identified on a list in a drawing; the identification shall be of a level of 
detail sufficient for procuring any repairable or replaceable part.  Cross 
references between the Instrumentation System Supplier's part 
number and manufacturer's part numbers shall be provided. 

 
e. System Backup/Restore - This information shall include a detailed 

description of the procedure for backing up the computer system 
(including PC and PLC); reloading using a backup; and completely 
restoring a PC and/or PLC from a backup. 

 
1.14 PARTIAL PAYMENT SCHEDULE 
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A. The partial payments to the General Contractor for work provided under this 
section shall satisfy the following limiting criteria (percent of the lump sum pay 
for all items and related work provided under this section): 

 
1. Delivery of Early Development System to the Engineer and system 

acceptance - 10 percent. 
 

2. Approval of all required submittals - 5 percent (excluding O&M manuals) 
 

3. Completion of all factory acceptance tests - 10 percent 
 

4. Delivery of equipment to job site and properly stored - 5 percent 
 

5. Installation and functional demonstration tests- 25 percent 
 

6. Completion of training - 15 percent 
 

7. Delivery of final approved O&M manuals - 15 percent 
 

8. Completion of 30 day acceptance test - 15 percent 
 
B. Each item above shall be completed in full before any partial payment is 

made for that item. 
 
PART 2: PRODUCTS 
 
2.01 GENERAL 
 

A. Process Control System: 
 

1. All instrumentation supplied shall be of the manufacturer's latest design 
and shall produce or be activated by signals that are established 
standards for the water and wastewater industries. 

 
2. All electronic instrumentation shall be of the solid state type and shall 

utilize linear transmission signals of 4 to 20 mA DC (milliampere direct 
current), however, signals between instruments within the same panel or 
cabinet may be 1 5V DC (volts direct current), or the like. 

 
3. Output of equipment not of the standard signals as outlined, shall have the 

output immediately raised and/or converted to compatible standard signals 
for remote transmission.  No zero-based signals will be allowed. 
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4. All instruments shall be provided with mounting hardware, floor stands, 
wall brackets, or instrument racks as shown on the Drawings or as 
required. 

 
5. Equipment installed in a hazardous area shall meet Class, Group, and 

Division as shown on the Electrical Drawings, to comply with the National 
Electrical Code. 

 
6. All indicators and recorder readouts shall be linear in process units, unless 

otherwise noted. 
 

7. All transmitters shall be provided with either integral indicators or conduit 
mounted indicators in process units, accurate to two percent (2%). 

 
8. Electronic equipment shall be of the manufacturer's latest design, utilizing 

printed circuitry and suitably coated to prevent contamination by dust, 
moisture and fungus.  Solid state components shall be conservatively 
rated for their purpose to assure optimum long-term performance and 
dependability over ambient atmosphere fluctuations and 0 to 95% percent 
relative humidity.  The field mounted equipment and system components 
shall be designed for installation in dusty, humid, and slightly corrosive 
service conditions. 

 
9. All equipment, cabinets, and devices furnished hereunder shall be heavy 

duty type, designed for continuous industrial service.  The system shall 
contain products of a single manufacturer, insofar as possible, and shall 
consist of equipment models that are currently in production.  All 
equipment provided shall be of modular construction and shall be capable 
of field expansion. 

 
10. The field mounted digital system equipment and system components shall 

be designed for installation in dusty, humid, and corrosive service 
conditions. 

 
11. All electronic/digital equipment shall be provided with radio frequency 

interference protection and shall be FCC approved. 
 

B. Electrical 
 

1. All equipment shall be designed to operate on a 60 Hertz alternating 
current power source at a nominal 120 volts, plus or minus 10 percent, 
except where specifically noted.  All regulators and power supplies 
required for compliance with the above shall be provided between power 
supply and interconnected instrument loop.  Where equipment requires 
voltage regulation, constant voltage transformers shall be supplied. 
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2. Panels containing networking equipment and PLC equipment shall be 

powered by two separate 24VDC power supplies.  One pair of redundant 
24VDC power supplies shall be furnished for the networking equipment 
and a separate pair of redundant 24VDC power supplies shall be 
furnished for loop powered instrumentation devices and PLC equipment. 

 
3. Materials and equipment used shall be UL approved wherever such 

approved equipment and materials are available. 
 

4. All equipment shall be designed and constructed so that in the event of a 
power interruption, the equipment specified hereunder shall resume 
normal operation without manual resetting when power is restored. 

 
2.02 LIGHTNING/SURGE PROTECTION 

 
A. Lightning/Surge protection shall be provided to protect the electronic 

instrumentation system from induced surges propagating along the signal and 
power supply lines. The protection systems shall be such that the protective 
level shall not interfere with normal operation, but shall be lower than the 
instrument surge withstand level, and be maintenance free and self-restoring. 
Instruments shall be housed in a suitable metallic case, properly grounded. 
Ground wires for all surge protectors shall be connected to a good earth 
ground, and where practical, each ground wire run individually and insulated 
from each other. These protectors shall be mounted within the instrument 
enclosure or a separate NEMA 4 junction box coupled to the enclosure. 

 
B. Either a two or three-stage protection circuit, depending on the application, 

shall furnish I/O protection. 
 

C. All wiring, hardware, and connection means shall comply with the National 
Electric Code and/or applicable local codes. 

 
D. All suppressors shall have integral mounting brackets to attach 35mm DIN rail 

conforming to DIN EN50022, with the exception of conduit mounted devices. 
 

E. The suppressor shall be mounted as close to the equipment it is protecting as 
possible. 

 
F. Mounting guidelines will be followed as indicated in installation instruction 

provided by the manufacturer. 
 

G. Wires shall be attached to the suppressor by means of a cable-clamping 
terminal block activated by a screw.  Connections shall be gas-tight, and the 
terminal block shall be fabricated of non-ferrous, non-corrosive materials. 
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H. All wiring points and plug connections shall be “touch safe” with no live 

voltages that can make contact with a misplaced finger in accordance with 
IEC 529. 

 
I. Analog and discrete and data protection DIN rail mounted, pluggable devices 

shall meet the following. 
 

1. Surge suppression modules for 24V and 110V circuits shall be UL listed or 
recognized. 

 
2. Surge protection shall consist of a multistage hybrid circuit with staging 

inductors or resistors to properly coordinate the components. 
 

3. DIN rail mounted surge protection modules shall consist of two parts; a 
base terminal block and a plug protection module.  Replacing a plug shall 
not require the removal of any wires nor shall it interrupt the signal.  Base 
and plug shall have the ability to be coded to accept only the correct 
voltage plug. 

 
4. Surge protection for analog or discrete I/O shall be designed to withstand 

a maximum 10 kA test current of a 8/20 microsecond waveform according 
to IEC 1024 Application Guide A and ANSI/IEEE C62.41 Category C Area. 

 
5. Surge protection for hazardous area locations will conform to EN 50 

020/DIN EN 50 020/VDE 0170/0171 part 7: 1996-04.  Surge protection for 
hazardous areas shall have at least 500V isolation between intrinsic safety 
ground and earth ground. 

 
6. Both plugs and bases shall have a rating of IP20 according to IEC 529. 

Bases shall have an integral label holder to mark each terminal block. 
 

7. Operating temperature range shall be at least -40 C to +80C. 
 

8. Bases shall include metal mounting foot, which provides ground 
connection to DIN-rail. 

 
9. Manufacturers: 

 
a. Analog: Phoenix Contact model series PT 2 x 2. One plug and base 

required for two analog loops.  Discrete 5-24V: Phoenix Contact model 
series PT 4 x 1. One plug and base required for every four discrete 
signals.  Discrete 60-230V: Phoenix Contact model series PT 2 x 1 VA. 
One plug and base required for every two discrete signals. 
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b. Approved Equal. 
 

J. Analog and discrete DIN rail mounted, non-pluggable, high density devices 
shall meet the following 

 
1. Surge protection shall consist of a multistage hybrid circuit with staging 

inductors or resistors to properly coordinate the components. Series 
resistance shall not exceed 4.7 ohms (+/- 10%). 

 
2. DIN rail mounted surge protection housing width shall not exceed 6.2mm. 

 
3. Surge protection for analog and digital I/O shall be designed to withstand 

a 5 kA test current of a (8/20) µs waveform according to IEC 1024 
Application Guide A and ANSI/IEEE C62.41 (Line to Ground). Surge 
handling capability of Line 1 + Line 2 shall be 10 kA of (8/20) µs 
waveform. 

 
4. Operating temperature range shall be at least -40 C to +85C. 

 
5. Maximum load current through the surge protection module shall not 

exceed 250 milliamps for analog and digital signal protection. 
 

6. Cutoff frequency for analog modules shall be 3 MHz for a 50-ohm system 
and 1 MHz for a 150-ohm system. Cutoff frequency for digital modules 
shall be 2 MHz for a 50-ohm system and 600 KHz for a 150-ohm system. 

 
7. Wire size range shall between 24 and 14 AWG. 

 
8. Ex-I modules shall contain only diode and gas tube (no MOV) and shall be 

isolated from ground by 500VDC as required by EN 50 020. 
 

9. Manufacturers 
 

a. Phoenix Contact model series TT-2-PE-24DC, TT-2/2-24DC, or TT-
EX(I)-24DC.  Phoenix Contact model series PT 2 x Ex(I)-24DC. One 
plug and base required for two analog loops or four discrete signals. 
 

b. Approved Equal. 
 

K. Analog Signals (Conduit Mounted) 
 

1. Surge protection shall consist of a multistage hybrid circuit utilizing only 
diodes and gas discharge tubes but no metal oxide varistors (MOVs). 
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2. Surge protection for analog and digital I/O shall be designed to withstand 
a 10 kA test current of a (8/20) µs waveform according to IEC 1024 
Application Guide A and ANSI/IEEE C62.41 Category C Area. 

 
3. Surge protection shall not have more than 10 ohms of series resistance. 

 
4. Surge protection shall have a response time less than 1µs. 

 
5. Maximum operating voltage shall not exceed 28 VDC. 

 
6. Surge protection shall not have a cutoff frequency less than 400kHz (for a 

600 ohm system) to allow HART protocol and other superimposed smart 
digital signals to function. 

 
7. Surge protection module shall have an operating temperature range of at 

least -40 C to +65 C. 
 

8. Maximum load current through the surge protection module shall not 
exceed 250 mA. 

 
9. Manufacturers: 

 
a. Phoenix Contact model series PIPETRAB. Protection circuit is 

mounted in 3/4" stainless steel pipe nipple. 
 

b. Approved Equal. 
 

2.03 TUBING AND FITTINGS 
 

A. All instrument air header takeoffs and branch connections less than 2 inches 
shall be 316 stainless steel. 

 
B. All instrument shut off valves and associated fittings shall be supplied in 

accordance with the piping specifications and all instrument installation 
details.  Fittings shall be Swagelok 316 stainless steel or equal and valves 
shall be Whitney 316 stainless steel or equal. 

 
C. All instrument tubing shall be fully annealed ASTM A269 Seamless 316 grade 

free of O.D. scratches and having the following dimensional characteristics as 
required to fit the specific installation: 

 
1. 1/4-in to 1/2-in O.D. x 0.035 wall thickness 

 
2. 5/8-in to 1-in O.D. x 0.049 wall thickness 
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3. 1-in O.D. x 0.065 wall thickness 
 

4. 1-1/4-in O.D. x 0.065 wall thickness 
 

5. 1-1/2-in O.D. x 0.083 wall thickness 
 

6. 2-in O.D. x 0.095 wall thickness 
 

D. All process connections to instruments shall be annealed 1/2-in O.D. stainless 
steel tubing, Type 316. 

 
E. All tube track shall be supported by stainless steel and installed as per 

manufacturer's installation instructions. 
 
PART 3: EXECUTION 
 
3.01 GENERAL INSTALLATION 

 
A. The process control system, instrumentation, and accessory equipment shall 

be installed in accordance with the manufacturer's instructions.  The locations 
of equipment, transmitters, alarms, and similar devices shown on the 
drawings are approximate only.  Exact locations shall be as approved by the 
Engineer during construction.  All information relevant to the placing of 
process control work shall be obtained in the field.  In case of any interference 
with other work, proceed as directed by the Engineer and furnish all labor and 
materials necessary to complete the work in an approved manner. 

 
B. The instrumentation loop diagrams indicate the intent of the interconnection 

between the individual instruments.  Any exceptions should be noted.  Two 
complete sets of approved shop drawings shall be kept at the job site during 
all on site construction.  Both sets shall be marked up identically to reflect any 
modifications made during field installation or start up.  All markings shall be 
verified and initialed by the Engineer or his designated representative. 

 
C. Following completion of installation and the Operational Readiness Test, one 

set of the marked up drawings shall be provided to the Engineer; the other set 
shall be retained by the Supplier for incorporation of the mark ups into final as 
built documentation. 

 
D. The instrumentation installation details on the Contract Drawings indicate the 

designed installation for the instruments specified.  Where specific installation 
details are not specified or shown on the Drawings, the American Petroleum 
Institute (API) Recommended Practice 550 shall be followed as applicable. 
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E. All work shall be executed in full accordance with codes and local rulings.  
Should any work be performed contrary to said rulings, ordinances and 
regulations, the General Contractor shall bear full responsibility for such 
violations and assume all costs arising therefrom. 

 
F. All equipment used in areas designated as hazardous shall be designed for 

the Class, Group, and Division as required on the Electrical Drawings for the 
locations.  All work shall be in strict accordance with codes and local rulings.  
Should any work be performed contrary to said rulings, ordinances and 
regulations, the Supplier shall bear full responsibility for such violations and 
assume all costs arising therefrom. 

 
G. Unless specifically shown in the Contract Drawings, direct reading or 

electrical transmitting instrumentation shall not be mounted on process piping.  
Instrumentation shall be mounted on instrument racks or stands as detailed 
on the installation detail drawings or an Engineer approved equal mounting 
rack or stand.  All instrumentation connections shall be provided with shutoff 
and drain valves.  For differential pressure transmitters, valve manifolds for 
calibration, testing, and blow down service shall also be provided.  For 
slurries, chemical or corrosive fluids, inline diaphragm seals shall be provided. 

 
H. All piping to and from field instrumentation shall be provided with necessary 

unions, test tees, couplings, adapters, and shut off valves. 
 

I. Field instruments that require power supplies shall be provided with local 
electrical shutoffs and fuses as required. 

 
J. Brackets and hangers required for equipment mounting shall be provided and 

shall be installed in a workmanlike manner and not interfere with any other 
equipment. 

 
K. The PCSI shall investigate each space in the building through which 

equipment must pass to reach its final location.  If necessary, the PCSI shall 
be required to ship material in sections sized to permit passing through 
restricted areas in the building.  The PCSI shall also investigate and make 
any field modifications to the allocated space for each cabinet, enclosure, and 
panel to assure proper space and access (front, rear, and side). 

 
L. The shield on each process instrumentation cable shall be continuous from 

source to destination and be grounded at the source end as directed by the 
manufacturer of the instrumentation equipment.  In no case shall there be 
more than one ground point for each shield. 

 
M. Lifting rings shall be removed from cabinets/assemblies.  Hole plugs the 

same color as the cabinet shall be provided for the holes. 
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N. The PCSI, acting through the General Contractor, shall coordinate the 

installation, the placing and location of system components, and their 
connections to the process equipment panels, cabinets and devices, subject 
to the Engineer's approval.  The PCSI shall be responsible for ensuring that 
all field wiring for power and signal circuits is done correctly in accordance 
with best industry practice and provide for all necessary system grounding to 
ensure a satisfactory functioning installation.  The General Contractor 
hereunder shall schedule and coordinate his work under this Section with that 
of the electrical work specified under applicable Sections of Division 16. 

 
O. The PCSI shall provide service by the PLC service representative to verify 

that the entire PLC system is installed per the manufacturer's requirements.  
The PCSI shall supply certified copies of all the tests/field reports supplied by 
the PLC service representative to the Owner for their records. 

 
P. The PCSI shall provide service by a factory-trained representative to verify 

that the entire local area network (LAN) is installed per the manufacturer’s 
requirements.  The PCSI shall include in his bid the cost of the factory trained 
representative to inspect all LAN terminations and the cost of testing the LAN 
to verify that it is installed and operating correctly (e.g., data being transferred 
from node to node, no excessive timeouts, minimal collisions, etc.)  The PCSI 
shall provide certified copies of all tests and legible copies of all field reports 
generated by the factory-trained representative to the Owner for their records. 

 
3.02 TESTS (GENERAL) 

 
A. The PCSI shall test all equipment at the factory prior to shipment. Unless 

otherwise specified in the individual specification sections, all equipment 
provided by the PCSI shall be tested at the factory as a single fully integrated 
system. 

 
B. As a minimum, the testing shall include the following: 

 
1. Unwitnessed Factory Test (UFT) 

 
2. Witnessed Factory Test (WFT) 

 
3. Operational Readiness Test (ORT) 

 
4. Functional Demonstration Test (FDT) 

 
5. 30 Day Site Acceptance Test (SAT) 
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C. Each test shall be in the cause and effect format.  The person conducting the 
test shall initiate an input (cause) and, upon the system's or subsystem's 
producing the correct result (effect), the specific test requirement shall be 
satisfied. 

 
D. All tests shall be conducted in accordance with prior Engineer approved 

procedures, forms, and checklists.  Each specific test shall be described and 
followed by a section for sign off by the appropriate party after its satisfactory 
completion. 

 
E. Copies of these sign off test procedures, forms, and checklists will constitute 

the required test documentation. 
 

F. Provide all special testing materials and equipment.  Whenever possible, 
perform tests using actual process variables, equipment, and data.  Suitable 
means of simulation shall be provided when it is not practical to test with real 
process variables, equipment, and data.  Define these simulation techniques 
in the test procedures. 

 
G. The General Contractor shall require the PCSI to coordinate all testing with 

the Engineer, all affected Subcontractors, and the Owner. 
 

H. The Engineer reserves the right to test or retest all specified functions 
whether or not explicitly stated in the prior approved Test Procedures. 

 
I. The Engineer's decision shall be final regarding the acceptability and 

completeness of all testing. 
 

J. No equipment shall be shipped until the Engineer has received all test results 
and approved the system. 

 
K. The PCSI shall furnish servicemen and all special calibration and test 

equipment to perform the field tests. 
 

L. Correction of Deficiencies 
 

1. All deficiencies in workmanship and/or items not meeting specified testing 
requirements shall be corrected to meet specification requirements at no 
additional cost to the Owner. 

 
2. Testing, as specified herein, shall be repeated after correction of 

deficiencies is made until the specified requirements are met.  This work 
shall be performed at no additional cost to the Owner. 

 
3.03 UNWITNESSED FACTORY TESTS (UFT) 
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A. The entire system, except primary elements, final control elements, and field 

mounted transmitters, shall be interconnected and tested to ensure the 
system operates as specified.  All analog and discrete input/output points not 
interconnected at this time shall be simulated to ensure proper operation of all 
alarms, monitoring devices/functions, and control devices/functions.  All 
process control strategies shall be simulated to ensure proper operation 
according to approved shop drawing. 

 
B. All panels and assemblies shall be inspected and tested to verify that they are 

in conformance with related submittals, specifications, and Contract 
Drawings. 

 
C. During the tests all digital system hardware and software shall have operated 

continuously for five days without a failure to verify the system is capable of 
continuous operation.  The unwitnessed test results shall be submitted to the 
Engineer for approval prior to the start of the Witnessed Factory Test (WFT). 

 
 

3.04 WITNESSED FACTORY TEST (WFT) 
 

A. Before scheduling the Witnessed Factory Test, the PCSI must determine 
through his own UFT and quality assurance program that the equipment is 
ready for shipment to the job site. 

 
B. All system tests specified for the Unwitnessed Factory Test shall be repeated. 

 
C. The WFT will be a joint test by the PCSI and the SE conducted at the PCSI’s 

facility. 
 

D. After receiving Unwitnessed Factory Test approval, the PCSI shall notify the 
Engineer and Owner in writing that the system is ready for the Witnessed 
Factory Test. The Engineer and/or Owner shall schedule a test date within 30 
days of receipt of the "Ready to Test" letter.  At the time of notification, the 
PCSI shall submit any revisions to the detailed test procedure previously 
approved by the Engineer. 

 
E. The purpose of the test shall be to verify the functionality, performance, and 

stability of the hardware and software.  The system must operate 
continuously for 100 hours without failure before the test shall be judged 
successful.  Successful completion of this test, as determined by the 
Engineer, shall be the basis for approval of the system to be shipped to the 
site. 
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F. The various tests performed during the Witnessed Factory Test shall be 
designed to demonstrate that hardware and software fulfill all the 
requirements of the Specifications and Contract drawings.  The test 
conditions shall resemble, as closely as possible, the actual installed 
conditions.  Any additional hardware or software that may be required to 
successfully verify system operation shall be supplied at no cost to the 
Owner. 

 
G. Tests to be performed shall include, but not be limited to, the following: 

 
1. Demonstrate operability of all equipment. 

 
2. Demonstrate operability of the control data communication network under 

anticipated full load conditions. 
 

3. 100 percent point check of I/O, including wiring. 
 

4. Demonstrate the ability to monitor and change at least 20 pieces of digital 
and analog data in each RTU (PLC) from the HMI software at all operator 
workstations. 

 
5. Demonstrate the ability to share data between operator workstations and 

servers. 
 

6. Demonstrate the ability of each workstation to print reports on all network 
printers. 

 
7. Demonstrate the ability for each workstation to read and write to and from 

designated files from other workstations on the LAN. 
 

8. Demonstrate the operability of all mass storage equipment. 
 

9. Demonstrate communication failure and system restart. 
 

10. Demonstrate total power failure and recovery.   NOTE: The UPS shall be 
removed for this test. 

 
11. Demonstrate a catastrophic failure and recovery of a server, workstation, 

and RTU (PLC). 
 

12. Demonstrate procedure for backing up the workstation, RTU (PLC); reload 
using a backup; and completely restoring a workstation and/ RTU (PLC) 
from a backup. 

 

 13300-45 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
PROCESS INSTRUMENTATION AND          Bid Package 2 – Plant 1-2 Improvements 

CONTROLS – GENERAL PROVISIONS  WBS No. S-000056-0071-4 

13. Demonstrate the ability of each workstation to print alarm/events on the 
local printer.  

 
H. During the test for a period of time equal to at least 20 percent of the test 

duration, the Engineer’s and/or Owner's representative shall have unrestricted 
access to the system. 

 
I. All analog control panels shall be included in these tests. 
 
J. All deficiencies identified during these tests shall be corrected and re-tested 

prior to completing the Witnessed Factory Test as determined by the 
Owner/Engineer. 

 
K. The following documentation shall be made available to the Engineer at the 

test site both before and during the Witnessed Factory Test: 
 

1. All Contract Drawings and Specifications, addenda, and change orders 
 

2. Master copy of the test procedure 
 

3. Bill of material of the computer/RTU (PLC)/LAN equipment to be tested 
including make, model, and serial number 

 
4. Design related hardware submittal applicable to the equipment being 

tested 
 

5. Software licenses 
 

L. The daily schedule during these tests shall be as follows: 
 

1. Morning meeting to review the day's test schedule 
 

2. Scheduled tests and signoffs 
 

3. Evening meetings to review the day's test results and to review or revise 
the next day's test schedule 

 
4. Unstructured testing period by the witnesses 

 
M. All test data and procedures followed during testing shall be logged and 

certified copies of the logs shall be provided to the Engineer and Owner. 
 

3.05 OPERATIONAL READINESS TESTS (ORT) 
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A. Prior to startup and the Functional Demonstration Test, the entire system 
shall be certified (inspected, tested, and documented) that it is READY for 
operation. 

 
B. Loop/Component Inspections and Tests: The entire system shall be checked 

for proper installation, calibrated, and adjusted on a loop-by-loop and 
component-by-component basis to ensure that it is in conformance with 
related submittals and these Specifications. 

 
1. The Loop/Component Inspections and Tests shall be implemented using 

Engineer-approved forms and checklists. 
 

a. Each loop shall have a Loop Status Report to organize and track its 
inspection, adjustment, and calibration.  These reports shall include the 
following information and check off items with space for sign off by the 
PCSI: 
 
(1) Project Name 
 
(2) Loop Number 
 
(3) Tag Number for each component 
 
(4) Check off/sign off for each component 
 

a) Tag/identification 

b) Installation 

c) Termination - wiring 

d) Termination - tubing 

e) Calibration/adjustment 
 
(5) Check off/sign off for the loop 
 

a) Panel interface terminations 

b) I/O interface terminations 

c) I/O signal operation 

d) Inputs/outputs operational:  received/sent, processed, adjusted 

e) Total loop operation 
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(6) Space for comments 
 

b. Each active Analog Subsystem element and each I/O module shall 
have a Component Calibration Sheet.  These sheets shall have the 
following information, spaces for data entry, and a space for sign off by 
the PCSI: 
 
(1) Project Name 
 
(2) Loop Number 
 
(3) Component Tag Number of I/O Module Number 
 
(4) Component Code Number Analog System 
 
(5) Manufacturer (for Analog system element) 
 
(6) Model Number/Serial Number (for Analog system) 
 
(7) Summary of Functional Requirements: 
 

a) Indicators and Recorders: Scale and chart ranges 

b) Transmitters/Converters: Scale and chart ranges 

c) Computing Elements: Function 

d) Controllers:  Action (direct/reverse) control Modes (PID) 

e) Switching Elements: Unit range, differential 
(FIXED/ADJUSTABLE), Preset (AUTO/MANUAL) 

f) I/O Modules: Input or output 
 
(8) Calibrations: 
 

a) Analog Devices: Required and actual inputs and outputs at 0, 
10, 50, and 100 percent of span, rising and falling 

b) Discrete Devices: Required and actual trip points and reset 
points 

c) Controllers:  Mode settings (PID) 

d) I/O Modules: Required and actual inputs or outputs for 0, 10, 50, 
and 100 percent of span, rising and falling 
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(9) Space for comments 
 

(10) Space for sign off by the PCSI 
 

2. The General Contractor shall require the PCSI to maintain the Loop Status 
Reports and Component Calibration Sheets at the job-site and make them 
available to the Engineer/Owner at any time. 

 
3. These inspections and tests do not require witnessing.  However, the 

Engineer shall review and initial all Loop Status Sheets and Component 
Calibration Sheets and spot check their entries periodically and upon 
completion of the Operational Readiness Test.  Any deficiencies found 
shall be corrected. 

 
3.06 FUNCTIONAL DEMONSTRATION TEST (FDT) 

 
A. Prior to startup and the 30-Day Site Acceptance Test, the entire installed 

instrument and control system shall be certified that it is ready for operation.  
All preliminary testing, inspection, and calibration shall be complete as 
defined in the ORT.  The FDT will be a joint test by the PCSI and the SE. 

 
B. Once the facility has been started up and is operating, a witnessed FDT shall 

be performed on the complete system to demonstrate that it is operating and 
in compliance with these Specifications.  Each specified function shall be 
demonstrated on a paragraph-by-paragraph, loop-by-loop, and site-by-site 
basis. 

 
C. Loop-specific and non-loop-specific tests shall be the same as specified 

under WFT except that the entire installed system shall be tested and all 
functionality demonstrated. 

 
D. Updated versions of the documentation specified to be provided during the 

factory tests shall be made available to the Engineer at the job-site both 
before and during the tests.  In addition, one copy of all O&M Manuals shall 
be made available to the Engineer at the job-site both before and during 
testing. 

 
E. The daily schedule specified to be followed during the factory tests shall also 

be followed during the FDT. 
 

F. The system shall operate for 100 continuous hours without failure before this 
test shall be considered successful. 

 
G. Demonstrate communication failure and recovery 
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H. Demonstrate total power failure and recovery.  NOTE: The UPS shall be 
removed for this test. 

 
I. Demonstrate a catastrophic failure and recovery of a workstation and a RTU 

(PLC). 
 

J. Demonstrate procedure for backing up the workstation, and RTU (PLC); 
reload using a backup; and completely restore a workstation and RTU (PLC) 
from a backup. 

 
3.07 30-DAY SITE ACCEPTANCE TEST (SAT) 

 
A. After completion of the ORT and FDT, the PCSI shall be responsible for 

operation of the entire system for a period of 30 consecutive days, under 
conditions of full plant process operation, without a single non field repairable 
malfunction. 

 
B. During this test, plant operators and PCSI personnel shall be present during 

the entire 30 day test.  For this test, the PCSI is expected to provide 
personnel who have an intimate knowledge of the system hardware and 
software. 

 
C. While this test is proceeding, the Owner shall have full use of the system.  

Only plant operating personnel shall be allowed to operate equipment 
associated with live plant processes. 

 
D. Any malfunction during the tests shall be analyzed and corrected by the 

PCSI.  The Engineer and/or Owner will determine whether any such 
malfunctions are sufficiently serious to warrant a repeat of this test. 

 
E. During this 30 consecutive day test period, any malfunction which cannot be 

corrected within 24 hours of occurrence by PCSI personnel, or more than two 
similar failures of any duration, will be considered a non field repairable 
malfunction. 

 
F. Upon completion of repairs by the PCSI, the 30 day test will be re-started 

from the date which the PCSI successfully corrected the malfunction(s) and 
the Owner and Engineer has accepted and signed-off on the repairs. 

 
G. In the event of rejection of any part or function, the PCSI shall perform repairs 

or replacement within 30 days. 
 

H. The total availability of the system shall be greater than 99.5 percent (99.5%) 
during this test period.  Availability shall be defined as: 
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1. Availability = (Total Testing Time Down Time) ÷ Tota l Te s   
 

I. Down times due to power outages or other factors outside the normal 
protection devices or back up power supplies provided shall not contribute to 
the availability test times above. 

 
J. Upon successful completion of the 30 day site acceptance test and 

subsequent review and approval of complete system final documentation, the 
system shall be considered substantially complete, and the one-year warranty 
period shall commence. 

 
3.08 TRAINING 

 
A. General 

 
1. The cost of training programs for the Owner’s personnel shall be included 

in the Contract price.  Where practical, the training and instruction shall be 
directly related to the system being supplied.  The training shall be 
provided based on time and not courses to allow the Owner the flexibility 
to utilize the training time at his discretion. 

 
2. Training shall be conducted at the manufacturer’s training facility, PCSI’s 

training facility, and the Owner’s facilities.   
 
3. All Technicians, Operators, Engineers, and Managers of the Facility shall 

require training on the Process Control System (PCS).  The training 
courses shall address operation, maintenance, and troubleshooting of the 
system provided.  The courses shall be designed specifically for the type 
of personnel attending, such as Operators, Engineers, etc. 

 
4. All training schedules shall be coordinated with, and at the convenience 

of, the Owner.  Shift training may be required to correspond to the Owner's 
working schedule. 

 
5. Provide detailed training manuals to supplement the training courses.  The 

manuals shall include specific details of equipment supplied and 
operations specific to the project. 

 
6. The trainer shall make use of teaching aids, manuals, slide/video 

presentations, etc.  After the training services, all training materials shall 
be delivered to Owner. 

 
7. The Owner reserves the right to videotape all training sessions.  All 

training tapes shall become the sole property of the Owner. 
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B. Field Training 
 

1. Field Instruments 
 

a. Provide a minimum of one 8-hour hardware training and instruction on 
the maintenance of the field instrumentation for four of the Owners 
instrumentation technicians.  This training shall be conducted before 
the FDT, but no more than one month before and at a time suitable to 
the Owner.  This training shall take place at the Owners facility.  The 
following shall be included: 
 
(1) Training in standard hardware maintenance for the instruments 

provided 
 
(2) Specific training for the actual instrumentation configuration to 

provide a detailed understanding of how the equipment and 
components are arranged, connected, and set up for this Contract 

 
(3) Test, adjustment, and calibration procedures 
 
(4) Troubleshooting and diagnosis 
 
(5) Periodic maintenance 
 
(6) Panel Instruments 
 

b. Provide a minimum of one 8-hour hardware training and instruction in 
the maintenance of the panel instrumentation for four of the Owners 
technicians.  Training should be conducted before the FDT, but not 
more than one month before and at a time suitable to the Owner.  This 
training shall be provided at the Owners facility and the following shall 
be included: 
 
(1) Training in standard hardware maintenance for the instruments 

provided 
 

(2) Specific training for the actual instrumentation configuration to 
provide a detailed understanding of how the equipment and 
components are arranged, connected, and configured for this 
Contract 

 
(3) Test, adjustment, and calibration procedures 

 
(4) Troubleshooting and diagnosis 
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(5) Periodic maintenance 
 

2. Management Seminar 
 

a. Provide Management Seminar for the Owner’s personnel at the 
Owner’s facility.  The objective of this seminar is to provide non-
operations/maintenance personnel with an overview understanding of 
the process control system.  The attendees will be the Owner’s 
management, engineering, and other non-operations personnel.  The 
seminar shall include, but not limited to, the following: 
 
(1) An overview of the process control system explaining how the 

hardware and software supplied under this Contract is used for the 
operation and control of the facilities. 

 
(2) A block diagram presentation of the process control system 

showing how and what information flows within the system and the 
purpose of each functional unit. 

 
(3) An explanation of the operator interface including a demonstration 

of how to use an Operator’s CRT to access displays, reports, 
control, etc, shall be by others. 

 
(4) A walk-through of the installed system explaining each of the items 

covered in the functional units’ discussion. 
 

3.09 CONTROL SYSTEM DIAGRAMS AND DETAILS 
 

A. To assist the PCSI in determining the scope of work, a series of P&ID’s and 
details are provided. Unless specifically stated otherwise, the PCSI shall be 
responsible for providing all instrumentation, control equipment, and auxiliary 
devices necessary to perform the functions specified herein and as shown 
and described on these diagrams.  Any auxiliary devices such as 
lightning/surge protectors, relays, timers, signal isolators, signal boosters, etc. 
which are necessary for complete operation of the system, or to perform the 
functions specified, shall be included whether or not they are specifically 
shown or tabulated on the loop diagrams. 

 
B. The intent of the PI&D’s diagrams (as shown in the Contract Drawings) are to 

describe in as much detail as possible, the hardware, software and functional 
requirements of a process measurement and control system.  They are not 
intended to convey requirements for conduit and wiring between panels or 
system components.  This information is included in appropriate electrical 
specifications and Contract Drawings.  Any additional wiring or raceway 
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required for a fully operational system shall be provided at no additional cost 
to the owner. 

 
END OF SECTION 
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SECTION 13301 

APPLICATION ENGINEERING SERVICES 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Process Control System Integrator (PCSI) shall provide all applications 
programming and services required to achieve a fully integrated and 
operational control system. The PCSI shall coordinate the control system for 
proper operation with related equipment and materials furnished by other 
suppliers under other sections of these specifications and with related existing 
equipment. 

B. This specification is a performance-based document and it defines the 
minimum requirements. The PCSI shall furnish a fully integrated and 
operational system.  Auxiliary and accessory programming structures 
necessary for proper system operation and performance shall be included 
whether or not they are shown on the contract drawings. 

C. All equipment shall be controlled in full conformity with the contract drawings, 
control loop descriptions, specifications, engineering data, instructions, and 
recommendations of the equipment manufacturer. 

D. All work shall be coordinated with its operating personnel to minimize impact 
on its daily operation.  Delays caused for any reason shall be noted and 
formally submitted to the engineer and the owner in the form of a letter. 

E. To facilitate the Owner's future operation and maintenance, all applications 
programming shall utilize system software standards and conventions as 
agreed upon by the Owner and Engineer. 

F. Refer to the requirements of Section 13300. 

G. To ensure consistency and a uniform look and feel, the Software Engineer 
(SE) shall design HMI screens in addition to those already installed on the 
control room HMI and for each process areas where any revisions to the 
existing PLC base will replace the existing PLC system as shown in the 
contract drawings.   

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for application engineering services under 
this section.  Include the cost for this work in the lump sum base bid. 
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1.03 RELATED WORK 

A. Refer to Section 13300. 

1.04 COORDINATION MEETINGS AND WORKSHOPS 

A. Refer to Section 13300. 

B. The PCSI shall schedule and conduct a standards and conventions workshop 
to discuss and solicit Engineer/Owner input for the standards, conventions 
and methodologies to be used in the development of the application specific 
programs and configuration of the system. At the workshop the PCSI shall 
demonstrate the graphic display standards on a computer workstation so that 
the Engineer/Owner can fully understand and comment on the dynamic 
aspects of each proposed graphic display standard. The workshop will be 
held at Owner’s facility and shall last one business day.  PCSI shall present 
samples of other similar projects as a basis for the programming effort. The 
workshops shall be scheduled at the convenience of the Owner. 

C. Graphic review workshops – The PCSI shall conduct a minimum of three 
graphic review workshops with the Engineer/Owner to solicit input and 
feedback on the graphic displays. The goal of the workshops is for the PCSI 
to provide sufficient opportunity for the Owner to have input to the actual 
graphics being developed for the project.  Each workshop shall be 
progressive in that the comments from previous workshops shall be 
demonstrated as being complete, and all new work shall be demonstrated for 
the Owner to allow input.  The expectation is for the PCSI to modify all 
graphics to conform with the verbal and written comments of the Owner prior 
to any factory testing.  The PCSI shall present copies of all proposed graphics 
a minimum of two weeks in advance of each workshop.  At the workshop the 
PCSI shall demonstrate the graphic displays on a computer workstation so 
that the Engineer/Owner can fully understand and comment on the dynamic 
aspects of each proposed graphic display.  The workshop will be held at 
Owner’s facility and shall last one business day.  The workshops shall be 
scheduled at the convenience of the Owner. 

D. The PCSI shall schedule and conduct a historical data management and 
reports workshop to discuss and solicit Engineer/Owner’s input for storage 
and management of historical data and format of daily, monthly and yearly 
reports. The PCSI shall present proposed data entry templates, report 
formats and layouts, and user interface displays for accessing and generating 
reports. The workshop will be held at Owner’s facility and shall last one 
business day. The workshops shall be scheduled at the convenience of the 
Owner. 
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1.05 SUBMITTALS 

A. Submit all required submittals in accordance with Section 01330, Submittals 
and Section 13300. 

B. Each submittal shall be securely bound in a 3-ring style notebook with an 
index and tabbed sectional dividers. All documents shall be reduced to a 
maximum size of 11-inch x 17-inch for inclusion within the binder. Each 
submittal shall be complete. No partial submittals shall be accepted. Partial 
submittals shall be rejected and returned without review. The submittals listed 
below shall be provided as a minimum. 

1. System Standards and Conventions 

2. Operator Interface 

3. Process Control Strategy 

4. Historical Data Management and Reports 

5. Operations and Maintenance Manuals 

6. Coordination Meetings/Workshop Minutes 

C. Submittal Descriptions 

1. System Standards and Conventions Submittal 

a. This submittal shall define all standards and conventions that will be 
used as the basis for development of the application specific programs 
and configuration of the system. System programming and 
configuration shall not begin prior to approval of this submittal. The 
submittal shall define all aspects of the system programming and 
configuration and shall include as a minimum the following: 

1) System configuration, including network addressing and PLC/RTU 
addressing 

2) System naming conventions 

3) Graphic display standards, including color conventions, equipment 
symbols, display format and samples of each proposed type of 
graphic display (i.e. overview, detail, diagnostic, tabular, etc.) 

4) Operator interface standards, including equipment control pop-up 
displays and display navigation 

5) Alarm configuration standards, including priorities and logging 
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6) Security configuration standards, including user groups and 
privileges 

7) PLC/RTU standard modules, including flow totalization and 
equipment runtime 

2. Operator Interface 

a. Submit all proposed graphic displays, trends, logs and supporting 
control strategy narratives.  This submittal be repeated for each of the 
mandatory graphics review workshops detailed above. 

b. Submitted graphic displays shall be delivered in two formats.  The first 
format shall be an electronic version of each graphic display in a 
Microsoft PowerPoint or similar format so that the Engineer/Owner can 
view the displays on a computer workstation.  Graphics shall be 
submitted on a 650 mb CD-ROM disk.  The second format shall be 
color printouts no less than 8.5 inches by 11 inches, with each display 
named.  Include in each submittal a legend for symbols and a 
graphical depiction of the system hierarchy for each display. 

c. Quantity of graphic displays to be provided shall be as required to 
depict all monitoring and control requirements defined herein and in 
the contract documents. All processes and equipment shown on the 
P&ID drawings shall be shown in a similar manner. The graphic 
displays shall represent all process flow paths and all associated 
equipment units, pumps, meters, valves, gates, feed systems and 
auxiliary systems. As a minimum, the following graphic displays and 
types shall be provided: 
 

1) Plant Overview Display 

2) Index Displays 

3) Process Overview Displays 

4) Unit Process Displays 

5) Process Detail Displays 

6) Alarm Summary Display 

7) System Diagnostic Displays 

8) Tabular Displays 
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9) Control Strategy Setup Displays 

10) Equipment Control Pop-up Displays 

11) Trend Displays 

d. To support understanding of proposed graphic displays, submit control 
strategy narratives and instructions explaining operator interface 
functions and procedures for operating system. 

e. Pre-defined trend displays shall be developed for easy recall using 
index display or standard display recall buttons. Pre-defined trends 
shall be developed for all analog inputs. Grouping of analog inputs 
shall be as defined by the Engineer/Owner. Maximum number of points 
assigned to a trend shall be as established in standards and 
conventions. 

3. Process Control Strategy 

a. This submittal shall cover all of the application programs developed to 
implement the control functions specified herein and in the contract 
documents. 

b. This submittal shall present all control schemes to be developed and 
shall include the following as a minimum: 

1) A brief scope of the control function 

2) Listing of all scanned inputs to the control function 

3) A short narrative of the control strategy 

4) Any assumptions made in developing the program 

5) I/O database listing showing all inputs and outputs (i.e., AI, DI, AO, 
DO) associated with the control function 

6) Cross reference list of all I/O showing to which I/O modules or 
software modules they are linked 

7) Listing of all operator inputs/outputs to and from the control 
function. A description of the operation of any panels shall be 
described as it relates to the control function 

8) All failure contingencies shall be described in detail 
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c. All applications programs shall be developed in a structured manner 
and shall follow an intuitive arrangement so that an instrumentation 
technician with basic programming knowledge will be able to 
understand. Programs shall utilize standard program templates or 
subroutines for repetitive logic such as equipment control, flow total 
calculations, equipment runtime calculations. 

d. All applications programs shall be submitted in 8.5 inch x 11 inch 
format. All programs shall be fully annotated and all rungs, contacts, 
coils and listings labeled. 

e. This submittal shall also include copies of the PLC I/O configuration 
tables, I/O reference usage table, complete cross reference to specific 
rung used of all inputs, outputs, internal coils, data registers, and 
special purpose coils.  In addition, any special switch settings or 
hardware configuration requirements such as communications port 
configurations shall be described in detail and submitted. 

4. Historical Data Management and Reports 

a. This submittal shall define all aspects of the historical data 
management system and reports generation and shall include as a 
minimum the following: 

1) A complete listing of all signals requiring historical archiving and 
reporting.  This listing shall include data sampling rates and 
duration for which the data will be immediately accessible. 

2) Complete details on all data reduction methods, including rates and 
duration data will be immediately accessible. 

3) Storage space requirements and supporting calculations. 

4) Description of historical database design, including table definitions, 
procedures used, and queries used. 

5) A complete list of all reports to be developed. 

6) Description of methodology for entering manual data. 

7) Procedures for recall, generation and printing of reports. 

8) Printout of each report to be provided. 

b. Quantity and format of reports shall be determined at the workshop 
and as a minimum shall include shift, daily, monthly and yearly reports.  
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5. Operations and Maintenance Manuals 

a. Provide operations and maintenance manuals per the requirements of 
Sections 01330, 01782, 13300, using the format specified in 13300. 

b. Prior to final acceptance of the system, operating and maintenance 
manuals covering all operations and maintenance procedures for the 
applications software and system configuration shall be furnished. 

c. All software applications, programs and configuration files shall be 
provided on electronic media disks independent of computer hard disk 
files.  Files shall be provided on machine loadable media capable of 
being used by a technician to restore the PCSI installed software using 
the hardware and software programs supplied by the PCSI as part of 
this Contract. 

d. The manuals shall contain operating and maintenance data written 
specifically for this project, but may include standard and modified 
standard documentation. Modifications to existing hardware or 
software manuals shall be made on the respective pages or inserted 
adjacent to the modified pages.  All standard documentation furnished 
shall have all portions that apply clearly indicated.  All portions that do 
not apply shall be lined out. 

e. If the PCSI transmits any documentation or other technical information 
that is considered proprietary, such information shall be designated.  
Documentation or technical information that is designated, as being 
proprietary will be used only for the design, construction, operation, or 
maintenance of the System and, to the extent permitted by law, will not 
be published or otherwise disclosed. 

f. As a minimum, the following information shall be provided in the 
manuals: 

1) A comprehensive index. 

2) All documentation from previous submittals updated to reflect the 
as built system. 

3) Detailed service, maintenance and operation instructions for each 
item supplied, including procedures for backing up files and 
archiving historical data. 

4) Recommended archiving schedule for historical data. 
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5) List of personnel to be contacted for warranty and emergency 
services, including name, address, telephone number, pager or cell 
phone number, fax number, and email address. 

6) Printouts of every graphic display with all dynamic points 
referenced. 

7) Printouts of all configuration files. 

8) Printouts of the HMI database and other custom developed or 
configured files used on the HMI system. 

9) Printouts of all documented PLC programs. 

10) Electronic media disks containing all HMI, PLC and other custom 
configured files used on the Project. 

6. Coordination Meeting/Workshop Minutes 

a. PCSI shall submit within 10 business days meeting minutes for all 
coordination meetings/workshops.  The minutes shall include copies of 
all handouts presented, and shall document all discussions and 
decisions from the meeting.  The PCSI shall provide the Owner a 15-
day period to review and comment on the minutes.   

b. The minutes shall include, as a minimum, the following information: 
 

1) List of attendees. 

2) Location, date, and time of meeting. 

3) Numbered paragraphs of all discussion items with all decisions 
shown in BOLD text. 

4) List of all action items including name of firm responsible for 
completing, and the date that the action item should be resolved by. 

5) Copies of all handouts presented during the meeting. 

1.06 REFERENCE STANDARDS 

A. Refer to Section 13300. 

1.07 QUALITY ASSURANCE 

A. Refer to Section 13300. 
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1.08 SYSTEM CONFIGURATION GUIDELINES 

A. The PCSI is responsible for providing all applications programming and 
configuration services to accomplish the control and monitoring functions as 
described herein and the contract documents. 

B. Graphic Displays 

1. All displays shall contain and continuously update the displayed process 
variables, date and time of day.  All process values shall be displayed in 
engineering units following the scales of the instruments provided in 
Division 13. All displays shall incorporate references to both 
instrumentation tag numbers and plant equipment numbers.  All displays 
shall be logically arranged so that an operator can drill down into the 
system with overview displays leading to process displays, then specific 
equipment displays, then to setpoint display for the specific equipment.  
Additionally, the PCSI shall provide a method to allow an operator to 
navigate from any display in the system to any other display in the system 
with no more than two mouse clicks. 

2. The system shall allow the operator to control equipment such as pumps 
and valves as defined in the control loop drawings and control loop 
descriptions. All control actions will require a two-step action. This shall be 
normally accomplished by utilizing pop-up control displays. Accessing the 
pop-up display is the first of the two-step action. Selecting on the desired 
action is the second of the two-step action. 

3. Unless specifically noted, all timers, set points, alarm actuation levels, 
etc., shall be adjustable from the operator interface.  The PCSI will clarify 
any security requirements with the Owner at the Graphics Review 
Workshop. 

4. Plant Overview Display – This display shall provide a graphical overview 
of the facility or SCADA system.  The operator shall have the ability to 
click on the graphical elements of the overview and navigate directly to 
that specific process or location.  All major graphic displays shall be 
accessible from the Plant Overview Display. 

 

5. Index Displays – These displays shall provide an alpha-numeric listing of 
every display on the system, thus allows an operator access to any 
system-wide display with a single mouse click. 
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6. Process Overview Displays - This display type shall provide general 
process overview including tank levels, major valve positions, major 
equipment status, and process analyzer values. This high level display 
shall include links to allow an operator access to the various unit process 
displays that make up the overall process.  An example is the chemical 
system overview display depicting all the chemicals used in the facility. 

7. Unit Process Displays – This display type shall provide specific overview 
information on a single unit process such as the sodium hypochlorite 
system at a treatment facility.  From this display, an operator shall be able 
to access detail displays that provide specific information on the various 
equipment of a single unit process. 

8. Process Detail Displays – This display type shall provide specific 
information on a single piece of equipment or system.  The display shall 
depict basic process diagrams with representative symbols for pumps, 
tanks, etc., combined with real time process variables or conditions. The 
displays shall be dynamic (i.e., symbols for a pump shall change color 
indicating run or stop or alarm, the volume of tanks shall be indicated by 
varying the height of the interior color of the tank symbol, etc.). All of the 
current data in the database shall be available for graphic displays. All 
process variables shall be displayed on their associated display(s) with 
correct engineering units.  Process variables shall display their associated 
data quality flags. 

9. Alarm Summary Display – The display shall consist of all points currently 
in alarm and shall include the tag number, description, time of occurrence, 
and present status (high, low, normal, etc.).  The alarm summary shall 
identify alarm points by severity by utilizing distinct colors for each severity 
category. 

10. System Diagnostic Displays - The displays shall summarize the error 
status of all system devices capable of reporting errors (i.e., PLCs, 
computers, network equipment, printers, communication devices, etc.).  
The display shall indicate if an error is detected or a failure occurs.  Status 
of primary and backup devices shall be indicated on display. 

11. Tabular Displays – This display type shall depict the various dynamic 
alphanumeric values in a tabular format. 

12. Control Strategy Setup Displays – This display type shall provide the 
interface for setting up automatic control strategies, setting modes of 
operation, entering process setpoints, and other required user interface 
parameters. 

13301-10 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 APPLICATION ENGINEERING SERVICES 

13. Equipment Control Pop-up Displays – This display type shall provide the 
interface for controlling equipment and changing equipment modes, 
entering setpoints, and other required actions for a single piece of 
equipment. All process variables shall be displayed with correct 
engineering units. 

14. Trend Displays - The trend display shall display the value of a point versus 
time.  The intent is to depict the type of plot produced on an analog 
recorder on the CRT.  Each point shall be trended in a different color. 
Each of the assigned points shall have a point identification number, point 
name, point description, current value, and instrument range displayed in 
the color used for its trend.  The time period shall be selected and be 
either current or historical.  The time period selected and time and date of 
start shall be displayed.  The values displayed on a historical trend shall 
consist of the stored values for each variable trended.  Current trends 
shall be updated at the scan frequency of the variable.  A trend display 
shall not be considered a graphic display. 

C. Alarm/Equipment Status Reporting 

1. The alarm log shall display all alarms as they occur.  The alarm message 
shall include the time of occurrence, tag name, tag number, and whether it 
is a low, high, or failure alarm.  When the point in alarm returns to normal, 
the time, point identification number, and return to normal shall be 
displayed.  All reports shall include the plant equipment number of the 
associated device. 

2. The equipment status shall be logged whenever a change in status occurs 
(i.e., start, stop).  The equipment status log shall include the time, 
equipment name, tag number, and the particular change in status. 

D. Historical Data Management 

1. The following features shall be provided for processing and storage of 
system historical data: 

a. Each system point (analog or digital, real or pseudo) shall have the 
capability of being historically logged.  A point shall have the capability 
of being deleted from historical log at any time.  It shall be easy to add 
or delete system points using minimal keystrokes. 
 

b. Data Processing:  The real time instantaneous values shall be stored 
in a historical log file on the hard disk at defined sampling rates. 
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c. Data Correction:  Historical data shall be manually modifiable by 
personnel with appropriate security levels.  Such data shall be 
differentiated from actual monitored values on reports, in the database 
and in trends. 

d. Data Quality:  Data Quality flags shall propagate to the next higher 
level of the history based on user selectable percentage determining 
tolerance levels for averages and totals.  If the percentage of suspect 
data exceeds the tolerance level, the suspect data flag propagates to 
the next higher level.  Maximums and minimums shall be taken from 
good data. 

e. Manual Input Data Handling: This data shall consist of additional 
values not obtainable by the SCADA system such as laboratory 
analysis for use in reports. All manually entered data shall be entered 
and stored in the appropriate engineering units.  All data entered shall 
be displayed for confirmation on the data entry device prior to 
incorporation to the database. 

E. Reports 

1. The system shall be able to generate reports from on line historical data 
files or prompt the user for the appropriate archived data files. 

2. Reports shall be initiated automatically based upon time of day or 
manually upon operator request. 

3. User interface displays for report generation shall be developed with easy 
recall of reports by entering time:day:year target values. 

4. User interface displays shall allow the operator to define the destination of 
the report (e.g., display, printer, computer file, etc.) and when it is to be 
printed (e.g., immediately, on demand, or automatically at a specified 
time). 

5. It shall be possible to print quality tags alongside the value. 

6. Operational Report Types.  The following operational report types shall be 
provided with the system: 

a. Shift Operation Summary Report: 

1) An operator-adjustable time interval Shift Operation report shall 
summarize plant operation from midnight through the last complete 
hour of operation.  The operator shall be capable of adjusting the 
time-stamp resolution of data (i.e., secondly, hourly, monthly, etc.). 
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2) The report format shall consist of the following: 

a) correct date 

b) plant name 

c) report name 

d) page number 

e) group headings 

f) subheadings 

g) point identification 

h) engineering units 

3) This report shall be printed on demand from any operator 
workstation for any point in the system. 

b. Daily Operation Summary Report: 

1) The daily operation report shall summarize plant operation for the 
previous day.  The report shall be generated, on demand, after the 
previous days' laboratory analysis results have been entered.  The 
printed information shall be the stored values (not averages) 
including scanned, lab, and manually entered data using an 
operator-defined time-stamped resolution. 

2) The report format shall consist of the following: 

a) correct date 

b) plant name 

c) report name 

d) page number 

e) group headings 

f) subheadings 

g) point identifications 

h) engineering units 
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i) daily minimum, average, maximum, and total where applicable 
shall also be calculated and printed for each point and stored. 

3) Values for which there are no data available shall be identified with 
a special character.  Only values which are actually zero shall be 
printed as such. 

4) The daily operation summary report shall be available for printing 
on demand, as often as preferred. 

c. Monthly Operation Summary Report: 

1) The monthly operation summary report shall summarize plant 
operation for the previous calendar month.  The report shall be 
generated on demand from the operator workstation, usually after 
all laboratory results for the previous month have been entered. 

2) The report format shall be arranged so that the first several pages 
shall conform to the requirements of the state regulatory agencies 
and may be separated from the rest of the monthly operation report 
for transmittal to the regulatory agency. 

3) The report format shall be similar to the daily operation summary 
report and shall consist of the following: 

a) month and year 

b) plant name 

c) report name 

d) page number 

e) group headings 

f) sub headings 

g) point identifications 

h) engineering units 

i) monthly minimum, average, maximum, and totals, where 
applicable, shall also be printed for each column of points 
printed. 

d. The monthly operation summary report shall be available for printing 
on demand. 
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e. Annual Operation Summary Report: 

f. The annual operation summary report shall summarize plant operation 
for the previous calendar year.  The report shall consist of scanned 
data, lab data, and manually entered data using an operator-adjustable 
time-stamped resolution. 

g. The format of the report shall be identical with the monthly operation 
summary report except for replacing month with year in the heading 
and replacing date with calendar month. 

1.09 WARRANTY 

A. Refer to Section 13300. 

B. All application engineering software programming provided to accomplish the 
requirements of the contract documents shall be warranted in accordance 
with section 01775. In the event of a warranty claim, the PCSI shall meet the 
following response requirements: 

1. The PCSI shall provide telephone technical support within 4 hours of 
warranty claim. If failure cannot be resolved by telephone, PCSI shall 
provide onsite technical support within 24 hours of warranty claim. 

PART 2: PRODUCTS 

2.01 PCSI WORK ACTIVITIES 

A. Evaluate current conditions of all the systems. 

B. Perform a detailed site survey evaluating signals, instrumentation, final drives 
and cabinet details. 

C. Identify all the I/O and signals in existing system along with the terminal 
information, location and addresses. 

D. Download the PLC logic for existing PLCs, and interpret the logic and 
associated I/O. 

E. Evaluate condition of existing field instruments.  Provide City with a list of 
functioning and non-functioning instruments.  Replace any non-functional 
instruments if directed by the City in writing.  Contractor shall be paid from the 
cash allowance included in the Contract for any field instruments requested 
and approved by the City in writing.  

F. Identify all the I/O terminals and wiring. 
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G. Install new interposing relays in the cabinets as required for the new system. 

H. Provide additional communication card as required for the new system 
modification.  

I. Generate an I/O list with Tag names, type, description, range, signal levels 
and all associated required fields. 

J. Provide all the components of the approved Architecture drawings including 
PLC hardware, Software, Communication Hardware, Software, Switches, 
cables etc. 

K. Provide logic drawings and implement the logic in the new PLCs. 

L. Evaluate the current HMI graphics and implement the same for the new 
system. 

M. Modify current HMI graphics to accommodate new additional points from the 
modification. 

N. Provide a detailed cutover plan based on each loop for each system/PLC. 
The plant will be operational during the cutover. 

O. Facilitate review of graphics, Factory acceptance test and performance test. 

P. Provide loop check and start up support. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Refer to Section 13300. 

3.02 TESTS 
 

A. Refer to Section 13300. 
 

END OF SECTION 
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Section 13305 
 

CONTROL DESCRIPTIONS 
 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 
 

A. Modify existing Chemical Control System to incorporate new equipment to existing 
East Water Purification Plant No.1 and 2 Chemical system. Reprogramming existing 
PLCs and provide programming to new PLCs to implement the control descriptions 
as specified below. Refer to Attachment A for Instrument equipment list. 

B. Modifying and reprogramming of existing Human Machine Interface (HMI) IFIX 
equipment and provide programming of new HMI equipment to implement the control 
system as specified below. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section. Include 
the cost for this work in the lump sum Base Bid. 

1.03 RELATED WORK 

A. General instrumentation and control requirements are included in Section 13300. 

B. Refer to the Process and Instrumentation Drawings (P&IDs). 

 
PART 2: PRODUCTS – NOT USED 
 
 
PART 3: EXECUTION 
 
3.01 CONTROL FUNCTION DEFINITIONS AND GENERAL CRITERIA 

A. The control narratives in the following sections shall be used in conjunction with all 
project drawings. 

B. For all controlled devices such as pumps, valves, etc., if the device is commanded to 
Start or Stop, Run Fwd or Run Rev, or Open or Close by the PLC, and the device 
feedback state does not match the commanded state within a preset time, an 
Equipment Discrepancy Alarm shall be generated by the PLC for display and 
alarming at the HMI and the device shall be commanded to Stop (valves and gates 
shall remain in the last state unless otherwise noted in the control description). Also, 
if a device feedback state does not match the commanded state at any time, 
excluding the change of state described above, an equipment Failure Alarm is 
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generated by the PLC for display and alarming at the HMI and the device is 
commanded to Stop (valves and gates shall remain in the last state unless otherwise 
noted in the control description). After a Discrepancy Alarm occurs, the device 
cannot be started again until the alarm has been reset by the Operator. 

C. All analog alarms generated (such as a high level alarm) shall be generated as 
follows. If the analog point’s value exceeds or drops below the alarm limit value, then 
an alarm shall be generated. To eliminate excessive alarm reporting, the analog 
point shall remain in alarm until the analog point’s value returns beyond the limit set 
by the analog limit deadband. 

D. For all analog points (such as level, flow, pressure, etc.), if the value of the analog 
point is below a value of 2 mA, a Loss-of-Signal shall be alarmed at the HMI. The 
alarms shall remain in effect until the value is within the normal signal range (4-20 
mA). All analog points shall indicate a Loss-of-Signal Alarm on the associated 
process graphic displays even if not shown on the loop drawings. 

E. For all analog points (such as level, flow, pressure, etc.), if the value of the analog 
point is above or below the transmitter range, Out-Of-Range shall be alarmed at the 
HMI (if applicable). 

F. All alarm and control setpoints shall be adjustable by the Operator at the HMI unless 
specifically stated otherwise, even if not shown on the drawings. These setpoints 
shall be password protected to allow access by only the Operators who are given 
clearance by the Owner. 

G. Runtimes for all motorized equipment shall be totalized in the PLC and indicated at 
the HMI with 0.1 (tenth) hour resolution even if not shown on the drawings. Two 
runtimes shall be calculated. One shall be a daily runtime value and the other shall 
be a running accumulated value and shall have the capability to be reset by the user 
via the HMI provided they have the required security level. Daily runtime will be reset 
at midnight and then displayed as "Yesterday’s Runtime" at the HMI. Daily runtime 
shall be indicated and logged at the HMI. 

H. All flows shall be totalized in the PLC as daily totals or cumulative totals even if not 
shown on the loop drawings. Daily totals will be reset at midnight and then displayed 
as "Yesterday’s Total Flow" at the HMI. Flow rates and flow totals shall be indicated 
and logged at the HMI. When a valve is closed or a pump is not running, the flow 
totalizer shall not accumulate values caused by noise or errors in calibration. 

I. All process analog inputs are displayed, historically collected and trended. Low-low, 
low, high and high-high alarms shall be provided at the HMI. Nuisance alarms, such 
as low turbidity, shall be inhibited. When a valve is closed or a pump is not running, 
an analog flow signal associated with that valve or pump shall not generate a low 
flow alarm, and it shall be forced to a zero valve. 

J. Plant personnel must acknowledge all equipment alarms before they can be cleared. 
No equipment alarm shall clear automatically until it has been reset. 
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K. For all variable speed equipment, if it is commanded to run at a specific speed and 
the speed feedback signal deviates from the commanded speed by a preset 
deadband for a preset time period, a speed deviation alarm is generated by the PLC 
for display and alarming at the HMI. This alarm shall not shutdown the equipment. 

L. For all analog modulating valves, if the valve is commanded to open or close to a 
specific position and the position feedback signal deviates from the commanded 
position by a preset deadband for a preset time period, a valve deviation alarm is 
generated by the PLC for display and alarming at the HMI. This alarm shall not 
shutdown the valve. 

M. All HMI to PLC communications paths shall be monitored by the HMI for disruptions 
in communication. In the event a PLC communication path is lost, a communication 
lost alarm for that PLC shall be indicated at the HMI. 

3.02 AMMONIA CONTROL LOOP NARRATIVES 
 

A. Ammonia Bulk Storage Tanks 

There are two existing bulk storage tanks (I-T-5 and I-T-6) for aqueous ammonia 
(also noted as ammonium hydroxide in the drawings and specifications).   Each of 
these tanks has a volume of 11,750 gallons and a diameter of 10-ft.  The tank inlet 
valves (fill and re-circulation loop) to each tank are manually actuated.  The outlet 
valve of each tank has an electric motor actuator that can be controlled by the plant 
SCADA system.  The outlet valves are normally open unless the operator has taken 
a tank out of service at the HMI.  If a tank outlet valve is confirmed closed, the tank 
shall be noted as “out-of-service” at the HMI. If a tank outlet valve is confirmed open, 
the tank shall be noted as “in-service” at the HMI. If one tank has been taken out of 
service, then it is critical that operations staff confirm the open/close position of the 
recirculation inlet line to make sure an out of service tank is not over filled and 
allowed to overflow.   In the event that tank level is dropping faster than the metered 
feed rate of the ammonium hydroxide system, the PLC will recognize this as a tank 
leak and automatically close the outlet  valves of the bulk tanks and shut-down the 
ammonium hydroxide transfer pumps. 

Each aqueous ammonia bulk storage tank is equipped with a differential pressure 
instrument for level monitoring.  

1. Manual Operation 

If the bulk tank outlet isolation valve electric motor actuator is set to LOCAL, 
the operator can open and close the valve locally at the valve. If the valve 
actuator is set to REMOTE, the operator can manually open and close the 
valve from the HMI.  

2. Automatic Mode 

The following information is provided at the HMI: 
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- The status of the bulk tank outlet valve, open/close 

- The tank level; level range of the tank is the tank shell height. 

3. Failure Control Modes 

The following alarms and statuses are indicated: 

- Level alarm high, 17-ft from the bottom of the tank, this level will produce a 
local alarm at the truck unloading area, and a pop-up message at the HMI. 
The signal shall be generated in the PLC. 

- Level alarm high-high, 19-ft from the bottom of the tank, at this level there 
will be a signal for the motor actuated valve to open, and also the motor 
actuated valve of the other tank shall open, if the 2nd tank’s motor 
actuated valve is closed, and the tank level is lower than the tank being 
filled. Also, at this level, the automatic shutdown of the transfer pumps I-
TP-1, I-TP-2 and I-TP-3 is initiated, and the shutdown of eight (8) metering 
pumps C-FD-10 through C-FD-17. The metering pumps will also be 
shutdown due to the recirculation loop.  

- Level alarm low, LSL, 3-ft from the bottom of the tank will prompt a 
message at the HMI which will remind the operator to order additional 
chemical.  If the other tank is off-line, and its liquid level is at least 5-ft from 
the bottom of the tank, the operator could manually perform tank 
equalization by opening the off-line tank motor actuated valve.  

- Level alarm low-low, LSLL, 1.5-ft from the bottom of the tank, when this 
level is reached, and if the other tank is “out-of-service”, the transfer 
pumps will be shutdown automatically. If the other tank is “in-service” as 
well, and the liquid level in the other tank is lower then 3 ft, the transfer 
pumps will be shutdown. However, if the level in the second tank is at least 
3-ft, the off-line tank motor operated valve could be opened, and the other 
tank could feed the transfer pumps.  

- Rapidly falling level will initiate emergency close of the motor actuated 
valve on the outlet line. The operator is prompted to investigate the 
problem and find an alternate solution for ammonia dosing or shutdown 
the plant. 

NO MODIFICATIONS ARE REQUIRED TO THE EXISTING AMMONIA 
BULK STORAGE TANKS EXCEPT FOR TESTING THE EXISTING 
PROGRAM IS FUNCTIONAL PER THE DESCRIPTION. 

B. Ammonia Transfer Pumps 
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There are three transfer pumps I-TP-1, I-TP-2 and I-TP-3, of which piping and 
instrumentation will be replaced.  The transfer pumps shall operate in three control 
modes: local manual, remote manual, and automatic.   

Local manual: Pump(s) are set to LOCAL at the respective pump control panel. 
Pumps can be started and stopped using the pushbuttons on the panel. In this mode 
of operation, there is no dry run protection (no interlock to the bulk tank outlet valves 
or low tank level alarms). 

Remote manual: Pump is set to REMOTE at the respective pump control panel and 
the pump is placed in MANUAL at the HMI. In this mode of operation, the operator 
can manually start and stop a pump at the HMI. If the in-service bulk tank electric 
motor actuated valve is confirmed closed, both transfer pumps shall be inhibited from 
starting. Pumps shall be inhibited from starting if any fail condition is active. If the 
liquid level in the in-service bulk tank is below the low level, the pumps shall be 
inhibited from starting.  

Automatic: Pump is set to REMOTE at the respective pump control panel and the 
pump is placed in AUTOMATIC at the HMI. In this mode of operation, the SCADA 
system will automatically start and stop the pump based on the level in the aqueous 
ammonia day tank. When the tank reaches a high level, the transfer pump shall stop; 
when the level reaches a low level, the transfer pump shall start.  

All control wiring from the new transfer pumps will be connected to the existing I/O. 

1. Failure Control Modes 

The following are alarms and / or shut-off conditions for the ammonia transfer 
pumps: 

- Low flow switch trip 

- pump run status 

C. Ammonia Day Tank 

There are two 750 gallon aqueous ammonia day tanks (C-DT-3 and C-DT-4) in 
ammonia metering room. The tank inlet valves (fill and re-circulation loop) and outlet 
valves of the tank are manually operated. The existing pressure sensing lovel 
transmitters will be replaced.   

1. Failure Control Modes 

The following alarms and statuses are indicated: 

- Level alarm HIGH, LSH, 5-ft from the bottom of the tank, this level will initiate 
immediate shutdown of the transfer pumps I-TP-1, I-TP-2 and I-TP-3 in any 
mode of pump operation (MANUAL REMOTE or AUTOMATIC REMOTE).  
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- Level alarm HIGH-HIGH, 5-ft and 6-in from the bottom of the tank, at this 
level it is initiated automatic shutdown of the transfer pumps I-TP-1, I-TP-2 
and I-TP-3, and the shutdown of eight (8) metering pumps C-FD-10 through 
C-FD-17. The metering pumps will also be shutdown due to the recirculation 
loop.  

- Level alarm low, 1.5-ft from the bottom of the tank will generate an alarm and 
signal the selected duty transfer pump to START when the pump is set to 
AUTOMATIC REMOTE. 

- Level alarm low-low, 1-ft from the bottom of the tank will prompt an alarm and 
shutdown of eight (8) metering pumps C-FD-10 through C-FD-17. 

- Rapidly falling level will prompt a leak alarm and shutdown of the metering 
pumps C-FD-10 through C-FD-17. 

D. Ammonia Metering Pumps  

Eight positive displacement mechanically actuated diaphragm metering pumps, C-
FD-10, C-FD-11, C-FD-12, C-FD-13, C-FD-14, C-FD-15, C-FD-16 and C-FD-17 will 
replace the existing metering pumps.  Metering pumps C-FD-10, C-FD-11, C-FD-14 
and C-FD-15 have two heads with two gear boxes with independent stroke length 
control, and a common motor, whereas C-FD-12, C-FD-13, C-FD-16 and C-FD-17 
have a single head with a motor. Depending on pump application point, pumps can 
operate in manual dosage and/or automatic modes.  The pumps and related controls 
will be connected to the existing control panel.  All the existing VFDs will be replaced 
with new VFDs.  

Metering pumps C-FD-10 through C-FD-13 transfer aqueous ammonia to plant 1 
process with the flow range of 0 – 30 gph. Metering pumps C-FD-14 through C-FD-
17 feed ammonia to plant 2 process with the flow range of 0 – 25 gph. The existing 
ammonia flow rates are indicated at the HMI.  The existing I/O will be re-used. 

1. Manual Operation 

The metering pumps are started and stopped by the operator when the HOA switch 
is in manual position both in the field and at the HMI.  The operator enters a percent 
speed for the pump to run. To switch operation mode from automatic to manual, the 
initial commanded state shall match the last automatic commanded state. In manual 
operation, the operators shall have the ability to start and stop the VFDs, pumps and 
control valves locally so as to feed chemicals in the event of PLC system failure. 

2. Automatic Mode 

The flow pacing signal varies depends on the feed application point. Pump   speed is 
controlled remotely via external 4-20 mA input. 
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The flow signal for Ammonia Metering Pumps C-FD-10 through C-FD-17 –these 
pumps could come from any of the following application points: Low Lift Pump 
Station No. 1 & 2, Settled Water Channel, and Clearwell. Additionally, each pump is 
equipped with valves to divert ammonia to designated feeding locations. 

In the dosage mode, the dosage switch will be selected within the HMI and the 
appropriate dosage setpoint, flow pacing signal, specific gravity, and chemical 
concentration will be entered by the operator.  The metering pumps will be started or 
stopped at the HMI by the operator.   

The calculated feed rate is divided by the number of active pumps in auto mode 
selected that feed to the same application point.  The PLC converts the calculated 
feed rate to pump speed by using the two point calibration data configured from the 
calibration screen.  

3. Failure Control Modes 

The following alarms and statuses are indicated: 

- pump run status 

- pump diaphragm leak detector 

- pump ready status 

- pump high temperature 

- pump high discharge pressure  

- pump VFD fail 

3.04 SODIUM HYDROXIDE (CAUSTIC) CONTROL LOOP NARRATIVES 

A. Caustic Bulk Storage Tanks 
 

There are two existing 16,075 gallon bulk storage tanks (I-T-3 andI-T-4) located in 
the North Chemical Storage Area.  Each of these tanks is 12 feet in diameter with a 
tank shell height of 20 feet.  The inlet valves (both fill and re-circulation loop) to each 
tank are manually actuated.  The outlet valve of each tank is provided with an electric 
motor actuator that can be controlled by the plant PLC system.  The existing electric 
motor actuators and valves will be replaced with new electric motor actuators and 
valves.   The outlet valves are normally open unless the operator has taken a tank 
out of service at the HMI.  If a tank outlet valve is confirmed closed, the tank shall be 
noted as “out-of-service” at the HMI. If a tank outlet valve is confirmed open, the tank 
shall be noted as “in-service” at the HMI. If one tank has been taken out of service  
then it is critical that operations staff confirm the open/close position of the 
recirculation inlet line to make sure an out of service  tank is not over filled and 
allowed to overflow.   In the event that tank level is dropping faster than the metered 
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feed rate of the caustic system, the PLC will recognize this as a tank leak and 
automatically close the outlet  valves of the bulk tanks and shut-down the caustic 
transfer pumps. 

All of the existing level monitoring instruments associated with caustic bulk storage 
tanks will be replaced with new instruments.  Each bulk tank will have one  pressure 
sensing level instrument. 

1. Manual Operation 

If the bulk tank outlet isolation valve electric motor actuator is set to 
LOCAL, the operator can open and close the valve locally at the valve. If 
the valve actuator is set to REMOTE, the operator can manually open and 
close the valve from the HMI. 

2. Automatic Modes 

a) The status of the bulk tank outlet valve, open/close  

b) The tank level from the instrument; level range of the tank is 
the tank shell height 

c) The following alarms and statuses are indicated: 

1) Level alarm high 18-ft from the bottom of the tank, 
this level will produce a local alarm at the truck unloading 
area, and an alarm at the HMI. 

2) Level alarm high-high 18-ft and 6-inches from the 
bottom of the tank, this level there will be a signal for the 
electric motor actuated valve to open, and also the electric 
motor actuated valve of the other tank shall open, if the 

second bulk tank’s electric motor actuated valve is closed, 
and the tank level is lower than the tank being filled.  

3) Level alarm low 3-ft from the bottom of the tank will 
prompt an alarm at the HMI which will remind the operator 
to order additional chemical.   

4) Level alarm low-low1.5-ft from the bottom of the 
tank, when this level is reached, and if the other tank is not 
in service, the transfer pumps will be shutdown 
automatically. If the other tank is in service as well, and the 
liquid level in the other tank is below 3 ft, the transfer pumps 
will be shutdown. However, if the level in the second tank is 
at least 3-ft, the in service tank electric motor operated 
valve will be opened, and the other tank will feed the 
transfer pumps.  
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5) Rapidly falling level will initiate emergency close of 
the electric motor actuated valve on the tank outlet.  

 

 NO MODIFICATIONS ARE REQUIRED TO THE EXISTING CAUSTIC 
BULK STORAGE TANKS EXCEPT FOR TESTING THE EXISTING 
PROGRAM IS FUNCTIONAL PER THE DESCRIPTION. 

B. Caustic Tanks Mixing Pumps 
 

There two existing caustic tank mixing pumps (I-MP-01 and I-MP-02).  One pump is 
dedicated to each bulk tank.  The pumps are used to keep the tank contents mixed.  
The pumps are operated manually from the local control panel. 

C. Caustic Transfer Pumps 
 

Three existing transfer pumps I-TP-04, I-TP-05, and I-TP-06 are installed in the 
Chemical Transfer Building. The transfer pumps shall operate in two modes: local 
manual and remote manual.  

Local manual: Pump(s) are set to LOCAL at the respective pump control panel. 
Pumps can be started and stopped using the pushbuttons on the panel. In this mode 
of operation, there is no dry run protection (no interlock to the bulk tank outlet valves 
or low tank level alarms). [If we want dry run protection here, it would likely need to 
be hard-wired to the pumps. 

Remote manual: Pump is set to REMOTE at the respective pump control panel. In 
this mode of operation, the operator can manually start and stop a pump at the HMI. 
If the in-service bulk tank electric motor actuated valve is confirmed closed, both 
transfer pumps shall be inhibited from starting. Pumps shall be inhibited from starting 
if any fail condition is active. If the liquid level in the in-service bulk tank is below the 
low level, the pumps shall be inhibited from starting.  

All control wiring from the new transfer pumps will be connected to the existing I/O. 

1. Failure Control Modes 

The following are alarms and/or shut-off conditions for the caustic transfer 
pumps:  

a) Pump low flow switch trip 

b)         Pump E-stop status 
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D. Caustic  Day Tanks 

There are two 750 gallon caustic day tanks (C-DT-5 and C-DT-6) in caustic metering 
room. The tank inlet valves (fill and re-circulation loop) and outlet valves of the tank 
are manually operated. The existing ultrasonic level transmitters will be replaced.   

2. Failure Control Modes 

The following alarms and statuses are indicated: 

- Level alarm HIGH, LSH, 5-ft from the bottom of the tank, this level will initiate 
immediate shutdown of the transfer pumps I-TP-4, I-TP-5 and I-TP-6 in any 
mode of pump operation (MANUAL REMOTE or AUTOMATIC REMOTE).  

- Level alarm HIGH-HIGH, LSHH, 5-ft and 6-in from the bottom of the tank, at 
this level it is initiated automatic shutdown of the transfer pumps I-TP-4, I-TP-
5 and I-TP-6, and the shutdown of nine (9) metering pumps C-FD-18 through 
C-FD-26. The metering pumps will also be shutdown due to the recirculation 
loop.  

- Level alarm LOW, LSL, 1.5-ft from the bottom of the tank will generate an 
alarm and signal the selected duty transfer pump to START when the pump 
is set to AUTOMATIC REMOTE. 

- Level alarm LOW-LOW, LSLL, 1-ft from the bottom of the tank will prompt an 
alarm and shutdown of nine (9) metering pumps C-FD-18 through C-FD-26. 

- Rapidly falling level will prompt a leak alarm and shutdown of the metering 
pumps C-FD-18 through C-FD-26. 

E. Caustic Metering Pumps 

Nine positive displacement mechanically actuated diaphragm metering pumps, C-
FD-18, C-FD-19, C-FD-20, C-FD-21, C-FD-22, C-FD-23, C-FD-24, C-FD-25, 
and C-FD-26 are installed in the Chemical Building No. 1 (South). Three of 
these pumps will be replaced: C-FD-20, C-FD-22 and C-FD-23. Will be 
installed to replace the existing metering pumps.  Depending on pump application 
point, pumps can operate in manual or automatic modes. The automatic modes are 
dosage and/or pH mode.  The pumps will be controlled using the three  existing 
control panels as shown on the Drawings.   All the existing VFDs will be replaced 
with new VFDs.   

Two magnetic flow meters will be replaced with new flow meters.  The meters are 
provided to indicate the caustic flow to the application feed points.  The pumps are 
designed to send caustic to the following locations: 

C-FD- 21 and C-FD-22: Primary feed pumps for caustic supply to the Plant 2 
Clearwell. Feed range is 0 to 125 gph per application point.  

13305-10 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 CONTROL DESCRIPTIONS 
 

C-FD-18 and C-FD-19: Primary feed pumps for caustic supply to the Plant 1 
Clearwell. Feed Range is 0 to 125 gph per application point.  

C-FD-20: Primary feed for caustic supply to the Plant 1 Low Lift Pump Station.  
Feed range is 0-317 gph.  

C-FD-23: Primary feed for caustic supply to the Plant 2 Low Lift Pump Station.  
Feed range is 0-317 gph.  

C-FD- 24: Primary feed for caustic supply to the Plant 1 Low Lift Pump Station.  
Feed range is 0-125 gph. 

C-FD-25 and C-FD-26: Primary feed for caustic supply to the Plant 2 Low Lift Pump 
Station.  Feed range is 0-125 gph. 

The caustic flowrates are indicated at the HMI.  The existing I/O will be re-used. 

1. Manual Operation 

The metering pumps are started and stopped by the operator when the H-O-A 
switch is in manual position both in the field and at the HMI.  The operator enters a 
percent speed for the pump to run. 

2. Automatic Mode 

There are two modes of automatic operation available for the caustic feed pumps: 
dosage mode and pH mode. 

Dosage Mode – In this mode of operation, the feed pump speed is proportionally 
controlled by the selected plant water flow signal. The flow pacing signal varies 
depends on the feed application point selected.  

Caustic Metering Pumps C-FD-18, C-FD-19, C-FD-20, C-FD-21, C-FD-22, C-FD-
23, C-FD-24, C-FD-25, and C-FD-26  the flow signal for these pumps could come 
from any of the following  possible application points: Plant 1 Low Lift Pump Station, 
Plant 2 Low Lift Pump Station, Plant 1 Clearwell  and Plant 2 Clearwell (in which 
case the flow paced signal will come from the total filter effluent flow for each plant). 
Most commonly, C-FD-18, C-FD-19, C-FD-20 and C-FD-24  are dedicated to Plant 
1 Low Lift Pump Station ; C-FD-21, C-FD-22, C-FD-23, C-FD-25, and C-FD-26 are 
dedicated to Plant 2 Low Lift Pump Station;  C-FD-19 is dedicated to Plant 1 
Clearwell; and C-FD-20 and C-FD-21 are dedicated to Plant 2 Clearwell.  

In the dosage mode, the dosage switch will be selected within the HMI and the 
appropriate dosage setpoint, flow pacing signal, specific gravity, and chemical 
concentration will be entered by the operator.  The metering pumps will be started 
or stopped at the HMI by the operator.   
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The calculated feed rate is divided by the number of active pumps in auto mode 
selected that feed to the same application point.  The PLC converts the calculated 
feed rate to pump speed by using the two point calibration data configured from the 
calibration screen.  

pH Mode – The caustic feed system design provides for all the new metering pumps 
to be able to pump to the clearwell. Thus, all metering pumps should be able to be 
controlled in pH mode once the pH switch is selected at the HMI and the 
appropriate pH setpoint chosen.  The metering pump will be started or stopped by 
the operator at the HMI.  The PID controller shall control the speed of all feed 
pumps running in this mode to maintain the pH setpoint. 

3. Failure Control Modes 

The following alarms and statuses are indicated: 

- pump run status 

- pump diaphragm leak detector 

- pump ready status 

- pump VFD fail  

- pump high temperature 

- pump high discharge pressure alarms (based on the metering pump 
vendor, the pressure switch high is 75 psig, pressure gage range is 0 to 
160 psig) 

NO MODIFICATIONS ARE REQUIRED TO THE HMI PROGRAM 
EXCEPT FOR TESTING THE EXISTING PROGRAM IS FUNCTIONAL 
PER THE DESCRIPTION FOR THE NEW PUMPS. 

 
 

3.04 FERRIC SULFATE/ALUM CONTROL LOOP NARRATIVES 
 
The ferric sulfate/alum bulk storage tanks level transmitters and motorized outlet vales; and 
transfer pumps are to be replaced.  

 

A. Ferric Sulfate/Alum Bulk Storage Tanks  

There are two sets of three (3), vertical 25,000 gallon bulk storage tanks - Tanks D-
T-1 through D-T-6. The level indicator and transmitters are to be replaced on all six 
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bulk storage tanks. The motorized outlet valves VLV-100, VLV-104, VLV-108, VLV-
112, VLV-116, and VLV-120 are to be replaced. 

Modifications or reprogramming of the existing PLC and HMI are not required.  

B. Ferric Sulfate/Alum Transfer Pumps 

There are four (4) transfer pumps D-TP-1 through D-TP-4 that pump ferric sulfate to 
the day tanks located in chemical building no.1 and 2. These four pumps and related 
appurtenances are to be replaced in-kind. 

Modifications or reprogramming of the existing PLC and HMI are not required for the 
above mentioned improvements. 

3.05 LIME SYSTEM  CONTROL LOOP NARRATIVES 
 
SOUTH LIME FEED AREA 
 

A. Lime Bulk Storage Tanks  

There are two existing 35,500 gallon bulk storage tanks (I-T-1 and I-T-2) located in 
the North Chemical Storage Area. One of these tanks (I-T-1) will be relocated to the 
new South Lime Containment Area (Plant 1).  The relocated tank is 14.5 feet in 
diameter with a shell height of 30 feet. A new 23,500 gallon bulk storage tank (I-T-3) 
will be installed in the new South Lime Containment Area (Area 26). The inlet valves 
(both fill and recirculation loop) to each tank are manually actuated.  Only one tank is 
in service at a time.  The mixers for each lime tank will be controlled manually 

All of the existing level monitoring instruments associated with the lime bulk storage 
tank (I-T-1) will be replaced with new instruments (two level instruments – one 
ultrasonic and one pressure sensing).  The new tank (I-T-3) bulk tank will have two 
level instruments – one ultrasonic and one pressure sensing.  The ultrasonic level 
meter will be used as the primary level sensing device. 

1. Manual Operation 

The mixers on each service bulk storage tank will always operate in the 
manual mode.  The mixers on the bulk lime storage tanks will run 
continuously.  

2. Automatic Mode 

The following information is provided by the HMI: 

- The tank level from both the primary and secondary instruments; level 
range of the tank is the tank shell height. 

3. Failure Control Modes 
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The following alarms and statuses are indicated: 

- Level alarm high, LAH, 27 ft from the bottom of the tank, this level will 
produce a local alarm at the truck unloading area and an alarm at the HMI 

- Level alarm low, LAL, 3 ft from the bottom of the tank will prompt an alarm 
at the HMI which will remind the operator to order additional chemical and 
manually switch the to the other bulk storage tank. 

B. Lime Recirculation  

The lime slurry recirculation pumps (O-MP-01 and O-MP-02) recirculate lime from 
the tank that is in service to the suction intake of the four feed pumps (I-FD-01, I-FD-
2, I-FD-3, I-FD-4) located in the South Lime Containment Area. Only one tank is in 
service at a time.  The operator closes the suction and recirculation return line to the 
tank that is not in service.  The lime slurry recirculation pump will run continuously to 
recirculate flow in the bulk storage tank that is in service.  

1. Manual Operation 

The lime slurry recirculation pump dedicated to the bulk storage tank that is in 
service will always operate in the manual mode.   

2. Failure Control Modes 

The following alarms and statuses are indicated: 

-  Pressure alarm high, PAH, at a discharge pressure of 125 psi or higher, 
an alarm will activate to indicate that flow through the lime slurry 
recirculation loop is restricted 

- Pump run status 

- Hose pump leak detection 

C. Lime Metering Pumps  

I-FD-01, I-FD-02, I-FD-03, I-FD-04:  Primary feed pumps for lime slurry supply to the 
influent channels upstream of Flocculation/Sedimentation Basin A, B and C.  Three 
pumps are duty with one installed standby.  Feed range for each pump is 6.6 to 80 
gph. Utility water for each feed pump will be operated manually.  

The lime slurry flow rates are indicated at the HMI.  The existing I/O will be used. 

1. Manual Operation 

The metering pumps are started and stopped by the operator when the H-O-A switch 
is in manual position both in the field and at the MHI.  The operator enters a percent 
speed for the pump run. 

13305-14 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 CONTROL DESCRIPTIONS 
 

Pressure alarm high, PAH, at a discharge pressure of 125 psi or higher, an alarm will 
activate to indicate that flow through the lime slurry recirculation loop is restricted. 

2. Failure Control Modes 

The following alarms and statuses are indicated: 

- Pump run status 

- Hose pump leak detection 

- Pump ready status 

- Pump overload status 

- Pump high discharge pressure alarms (based on metering pump vendor, the 
pressure switch high is 125 psi, pressure gage range is 0 to 200 psi. 

NORTH LIME FEED AREA 
 
D. Lime Bulk Storage Tanks  

There are two existing 35,500 gallon bulk storage tanks (I-T-1 and I-T-2) located in 
the North Chemical Storage Area. One of these tanks (I-T-2) will be relocated to the 
new North Lime Containment Area (Plant 2).  The relocated tank is 14.5 feet in 
diameter with a shell height of 30 feet. A new 23,500 gallon bulk storage tank (I-T-4) 
will be installed in the new North Lime Containment Area. The inlet valves (both fill 
and recirculation loop) to each tank are manually actuated.  Only one tank is in 
service at a time.  The mixers for each lime tank will be controlled manually 

All of the existing level monitoring instruments associated with the lime bulk storage 
tank (I-T-2) will be replaced with new instruments (two level instruments – one 
ultrasonic and one pressure sensing).  The new tank (I-T-4) bulk tank will have two 
level instruments – one ultrasonic and one pressure sensing.  The ultrasonic level 
meter will be used as the primary level sensing device. 

4. Manual Operation 

The mixers on each service bulk storage tank will always operate in the 
manual mode.  The mixers on the bulk lime storage tanks will run 
continuously.  

5. Automatic Mode 

The following information is provided by the HMI: 

- The tank level from both the primary and secondary instruments; level 
range of the tank is the tank shell height. 
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6. Failure Control Modes 

The following alarms and statuses are indicated: 

- Level alarm high, LAH, 27 ft from the bottom of the tank, this level will 
produce a local alarm at the truck unloading area and an alarm at the HMI 

- Level alarm low, LAL, 3 ft from the bottom of the tank will prompt an alarm 
at the HMI which will remind the operator to order additional chemical and 
manually switch the to the other bulk storage tank. 

E. Lime Recirculation  

The lime slurry recirculation pumps (O-MP-03 and O-MP-04) recirculate lime from 
the tank that is in service to the suction intake of the feed four feed pumps (I-FD-05, 
I-FD-6, and  I-FD-7) located in the North Lime Containment Area. Only one tank is in 
service at a time.  The operator closes the suction and recirculation return line to the 
tank that is not in service.  The lime slurry recirculation pump will run continuously to 
recirculate flow in the bulk storage tank that is in service.  

3. Manual Operation 

The lime slurry recirculation pump dedicated to the bulk storage tank that is in 
service will always operate in the manual mode.   

4. Failure Control Modes 

The following alarms and statuses are indicated: 

-  Pressure alarm high, PAH, at a discharge pressure of 125 psi or higher, 
an alarm will activate to indicate that flow through the lime slurry 
recirculation loop is restricted 

- Pump run status 

- Hose pump leak detection 

F. Lime Metering Pumps  

I-FD-5, I-FD-6, I-FD-7:  Primary feed pumps for lime slurry supply to the influent 
channels upstream of Flocculation/Sedimentation Basin D and E.  Three pumps are 
duty with one installed standby.  Feed range for each pump is 6.6 to 80 gph. Utility 
water for each feed pump will be operated manually. 

The lime slurry flow rates are indicated at the HMI.  The existing I/O will be used. 

3. Manual Operation 

13305-16 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 CONTROL DESCRIPTIONS 
 

The metering pumps are started and stopped by the operator when the H-O-A switch 
is in manual position both in the field and at the MHI.  The operator enters a percent 
speed for the pump run. 

Pressure alarm high, PAH, at a discharge pressure of 125 psi or higher, an alarm will 
activate to indicate that flow through the lime slurry recirculation loop is restricted. 

4. Failure Control Modes 

The following alarms and statuses are indicated: 

- Pump run status 

- Hose pump leak detection 

- Pump VFD fail  

- Pump high discharge pressure alarms (based on metering pump vendor, the 
pressure switch high is 125 psi, pressure gage range is 0 to 200 psi. 

 
3.06 HYDROFLOUROSILIC ACID (FLUORIDE) CONTROL LOOP NARRATIVES 
 
All electronic instruments installed on the two (2) fluoride bulk storage tanks are to be replaced 
as indicated in the P&ID. Two (2) fluoride day tanks and three (3) transfer pumps are to be 
replaced along with its associated appurtenances and controls. A new scale is to be installed 
with the two day tanks along with the associated appurtenances and controls 

 

A. Bulk Storage Tanks  

There are two (2) vertical 3,100 gallon bulk storage tanks, for hydrofluorosilicic acid.  
Each tank has a top fill line from the truck unloading station that can be isolated with 
a manually operated valve.  These valves are normally closed.  During chemical 
delivery the Plant Operator will manually open and close of the fill valves to direct the 
flow to the appropriate bulk storage tank. The bulk storage tanks will have two level 
indicators.  One is a sight glass so Plant Operator can visually monitor the truck 
unloading process.  The other is a pressure based level transmitter tied to the plant 
SCADA system.  

The outlet of each tank connects to a common header that feeds the transfer pumps. 
The outlet of each tank can be isolated from the common header by a motor 
actuated valve that is tied to the plant PLC system. These valves are normally closed 
except during the filling of the tank.  
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No change to the current control/operation strategy, except change the tank low level 
alarm to 3-ft from the bottom of the tank, the level at which the suction to the transfer 
pumps could break. 

1. Manual Operation 
If the local and HMI HOA switches in the outlet valves control panel are in the 
hand/manual position; the operator can open or close the motorized outlet valves 
locally. 

2. Automatic Mode 
The following information is provided at the HMI: 

- The position of the motorized valves on bulk tank outlet, open/close 

- The tank liquid levels in two bulk tanks; level range of the tank is the tank 
shell height. 

- The transfer pump status, ON/OFF 

3. Control/Failure Modes 
The following alarms and statuses are indicated: 

- Level alarm high, LAH, 6-ft from the bottom of the tank, this level will produce a local 
alarm at the truck unloading area to alert the Plant Operator and the chemical 
delivery truck driver that the tank is nearly full, and a pop-up warning message at the 
HMI. 

- Level alarm high-high, LAHH, 7.5-ft from the bottom of the tank and just below the 
tank overflow level.  At this level there will be a second, louder local alarm to alert the 
Plant Operator and the chemical delivery truck driver that the tank is nearly full and 
to immediately stop the chemical unloading; and a critical warning message at the 
HMI.   

- Level alarm low, LAL, 3-ft from the bottom of the tank, will prompt a message at the 
HMI which will remind the Operator to order additional chemical.    

- Level alarm low-low, LALL, 2.0-ft from the bottom of the tank, is the level at which 
suction to the transfer pump will break and will initiate the closing the outlet valve of 
the tank. At this level, the second bulk storage tank with liquid level at least 2.0-ft 
from the bottom of the tank will be brought on-line automatically. If the liquid level in 
the second tank is also below 2.0-ft from the bottom of the tank, this alarm will initiate 
the shutdown of the transfer pump to prevent damage or will not allow the transfer to 
turn on. 
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- Rapidly falling tank levels will initiate a pop-up message at the HMI warning of a 
potential leak or spill situation.  The Operator should isolate the tanks and run off a 
single tank while continuing to monitor tank levels.  If the problem cannot be isolated 
to a single tank, the fluoride system may need to be shut down. 

B. Transfer Pumps (New) 

There will be three (3) new transfer pumps, I-TP-7, I-TP-8, and I-TP-9 located inside 
the Fluoride feed system building. The transfer pumps can operate in manual and 
automatic modes. Transfer pump I-TP-7 will fill day tank I-DT-1 and pump I-TP-9 will 
fill day tank I-DT-2. Pump I-TP-8 is a backup pump that can pump to either of the two 
day tanks. Manual isolation valves are provided in the discharge of the three pumps 
to direct the flows to the day tanks as needed.  

The transfer pumps will operate when the level in the day tank reaches below 1.5-ft.  
The pumps should alternate operation to balance wear and tear.  The pumps should 
operate if there are no fail conditions and as long as the outlet valve(s) to the bulk 
storage tanks are open AND the storage tanks LALL is not activated.  

1. Manual Operation 

When the level in the day tank falls below 1.5-ft, the Operator will manually 
initiate the filling of the day tank by turning on the transfer pump in the local pump 
control panel. In manual mode, the transfer pumps will be started and stopped by 
the operator, with the HOA switch being in the manual (Hand) position at the HMI 
and locally. During manual operation of the transfer pump, the Plant Operator will 
need to verify: 

- If the bulk tank outlet valve is in manual mode and open 

- The level in the bulk tank with the outlet valve open is above 2-ft from the 
bottom of the bulk tank. 

2. Automatic Mode 

When the level in the day tank falls below 1.5-ft, an alarm on the HMI will 
inform the Plant Operator to initiate the filling cycle. The Plant Operator will 
turn on the transfer pump at the HMI. This command will first initiate opening 
of the bulk tank outlet valve before turning the transfer pump on. The pump 
will turn on only if there are no fail conditions, the outlet valve of the bulk 
storage tank is open and the liquid level in the in bulk storage tank in service 
(or tanks) is above the low-low level, and the liquid level in the day tank is 
below 1.5-ft. The HOA switch on the transfer pump control panel should be in 
the remote (Auto) mode.  The lead transfer pump will run, the lag transfer 
pump will only start if it is ready and the lead pump fails.  The pumps will 
alternate with every transfer operation, with the lead pump becoming the lag 
pump.  If a pump fails, the other pump will stay in operation.  When the failed 
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pump returns to service, the failed pump will be started, and placed in the 
lead position. 

3. Failure Control Modes 

The following are alarms and/or shut-off conditions for the transfer pumps are 
provided to the HMI: 

- pump high pressure switch trip 

- pump run status 

- pump lead/lag/standby 

The pump will turn off if: 

- The level in the day tank reaches 4-ft from the bottom of the tank 

- When the level in the bulk storage tank in service is below the low-low 
level  

- When the outlet valve of the bulk storage tank in service is closed 

C. Day Tank 

There will be two (2) new 150 gallon, double walled day tanks located inside the 
Fluoride feed system building adjacent to the transfer pumps. The tank will be 3’ in 
diameter and 4’-11” tall. The tank has a fill line at the top from the transfer pumps 
with a manually operated valve. This valve will normally be open. The Plant Operator 
will manually close this valve to isolate the day tank. 

1. Manual Operation 

For manual filling of the day tank, the Plant Operator will turn the transfer 
pump to manual mode in its local control panel. The Plant Operator will verify 
if the bulk tank outlet valve is open and the liquid level in the bulk tank is at 
least 2.0-ft from the bottom of the tank before turning on the transfer pump to 
fill the day tank. The Plant Operator will have to watch the liquid level in the 
day tank and stop the transfer pump when the required level in the tank is 
reached 

2. Automatic Mode 

For automatic filling of the day tank, the transfer pump will have to be set in 
auto mode in the local control panel. The weight of the day tank is measured 
by a scale tied to the plant SCADA system. The level of liquid in the day tank 
is determined by calibrating the weight of the tank empty and full. 
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When the level of liquid in the day tank reaches a minimum of 1.5-ft (low-level 
alarm, LAL), as reported by the scale, a signal will initiate the operation of the 
transfer pump designated for the day tank. When the level of liquid in the day 
tank reaches 4-ft (Level alarm high, LAH), as reported by the scale, a signal 
will turn off the transfer pump. 

The outlet from the day tank will have a manually operated valve. This valve 
will normally be open to supply the metering pump. The Plant Operator will 
manually close this valve to isolate the day tank. 

D. Fluoride Metering Pumps 
 

There are four (4) existing fluoride chemical metering feed pumps. No improvements 
are being made to these pumps. Metering pumps I-FD-14 through I-FD-17 are 
located in the Fluoride feed building adjacent to the day tank and transfer pumps. No 
change in the control strategy of the existing feed pumps. 

3.07 POWDERED ACTIVATED CARBON (PAC) CONTROL LOOP NARRATIVES 
 
Equipment to be replaced includes two new utility water booster pumps, six new peristaltic feed 
pumps, and associated piping, appurtenances and control system. 

 

A. Bulk Storage Tanks 

There are two (2) existing underground cast-in-place concrete bulk storage tanks, 
Carbon Storage Tank No. 1 and Carbon Storage Tank No. 2. Each tank includes a 
30 HP vertical mixer and venturi type dust scrubber system. The outlets from the 
storage tanks connect to a common header leading to the six feed pumps in the PAC 
building basement. No changes to the existing operation and PLC programming for 
the bulk storage tanks. 

B. Venturi Scrubbers 
 

There are two (2) stainless steel Venturi scrubber systems (one for each bulk 
storage tank) – D-VS-1 and D-VS-2. Each scrubber is used during PAC unloading to 
control and collect PAC dust from the unloading process and to minimize the 
emission of PAC in to the air. No change to the existing operation and PLC 
programming for the venturi scrubbers. 

C. PAC Slurry Mixers 
 

There are two (2) PAC slurry mixers, D-MX-1 and D-MX-2, located in the PAC 
Storage Tanks No. 1 and No. 2, respectively. The motors and gearboxes are located 
on top of the bulk storage basins, and impellers and connecting shafts are located 
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inside the storage tanks. No change to the existing operation and PLC programming 
for the PAC slurry mixers. 

D. Utility Water Booster Pumps 
 
There are two (2) new utility water booster pumps. Each pump will be rated at 40 
GPM with 5 HP motor. One pump is the lead and the other is standby. These pumps 
will be used to boost the pressure when the pressure of the utility water in the PAC 
building drops below 35 psi. The pressure in the utility water line in the PAC building 
is measure by the utility water PIT-714 and transmitted to the HMI. 

1. Manual Operation 
If the local and HMI HOA switches are in the manual position: 

- When the pressure in the utility water line in the PAC building drops below 35 psi 
as measured by PIT-714, an alarm will be sent to the HMI for the Operator to turn 
the utility water booster pump ON. 

- The Operator will manually turn one of the booster pumps ON. 

- When the pressure in the utility water line in the PAC building exceeds 35 psi and 
utility water pump is ON, an alarm will be sent to the HMI for the Operator to turn 
the utility water booster pump OFF. 

- The Operator will manually turn OFF the booster pumps in service. 

2. Automatic Mode 
The pumps will run in automatic mode only if there are no fail conditions, and the 
HOA switch is in the remote (Auto) mode.  The lead pump will be in or ready to 
be in service, the standby pump will only start if the lead pump fails.  The pumps 
will alternate once per day, with the lead pump becoming the lag pump.  If a 
pump fails, the other pump will stay in operation.  When the failed pump returns 
to service, the failed pump will be started, and placed in the lead position.  

3. Control/Failure Modes 
The following are alarms and/or shut-off conditions for the utility water booster 
pumps are provided to the HMI: 

- pump high pressure switch trip 

- pump run status 

- pump lead/standby 

- Utility water pressure (measured by PIT-714) 
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- Low utility water pressure alarm (below 35 psi) 

- ‘Turn Pump OFF’ alarm when the pump is ON when the utility water pressure is 
above 35 psi. 

The pump will turn on when there no fail conditions and the pressure in the utility 
water line in the PAC building is less than 35 psi as measured by PIT-714. The pump 
will turn off when the utility water pressure exceeds 35 psi.  

 
E. PAC Metering Pumps 

 

There are six (6) new PAC chemical metering feed pumps. Peristaltic hose metering 
pumps D-FD-1 through D-FD-6 are located in the basement level of the PAC 
building. Pumps D-FD-1 through D-FD-3 feed PAC to Plant No. 1 at flash mix pumps 
discharge pipes at the mechanical mixing chambers and D-FD-4 through D-FD-6 
feed PAC to Plant 2 at the flocculation basin distribution channel. 

The PAC slurry discharge from the pumps connects with utility/carrier water line and 
is fed to the injection points. There are two injection points at Plant 1 and 2. Under 
normal operations, two of three metering pumps will be in operation for each plant 
and the third pump is a standby and will be the backup when one of the duty pump is 
out of service.  The pump discharge rate can be adjusted manually or remotely in the 
range of 0.2 to 6 gpm. 

1. Manual Operation 

The metering pumps are started and stopped by the Operator when the HOA 
switch is in manual position both in the field and at the HMI.  The Operator 
calibrates the feed rate using the adjacent calibration column.  The pump 
speed is adjusted to achieve the desired dosage rate based on the plant flow. 
The operator enters a percent speed for the pump to run.  

The Operator will manually open valves on the utility water line to send carrier 
water for the PAC discharge lines. When the PAC feed pumps are turned 
OFF, valves on the utility water line shall remain open to flush the PAC 
discharge lines and the Operator will manually close after 30 minutes. 

2. Automatic Mode 

In Automatic mode, the pump speed can be adjusted to modulate in relation 
to the plant flow. The flow signal for these pumps would come from the 
influent flow tubes in the basement of the chemical building. The Plant 
Operator will enter the required dosage in the HMI. The PLC will calculate the 
required feed rate of the pump based on the dosage entered by the operator 
and the flow pacing signal received. The PLC will then convert the calculated 
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feed rate to pump speed by using the two point calibration data configured 
from the calibration screen. The feed rate of the pump shall be calculated as 
shown below: 

Y (feed rate of pump, gph) = [(flow rate at dosing point, MGD) x (dose, 
mg/L)]/[(% of PAC slurry/100) x 24] 

For example, for a flow rate of 60 MGD, dose of 15 mg/L at each dosing point 
and 12% of PAC slurry, the required flow rate of the feed pump is calculated 
as shown below: 

Y = [(60 MGD) x (15 mg/L)]/[(12/100) x 24] = 312.5 gph 

3. Failure Control Modes 

The following alarms and statuses are indicated: 

- pump run status 

- pump tube leak detector 

- pump ready status 

- pump overload status 

- pump high discharge pressure alarms (based on the metering pump 
vendor, the pressure switch high is 115 psig, pressure gage range is 0 to 
160 psig) 

When the level in the bulk storage tank less than 1-ft from the bottom, the 
feed pumps will automatically turn off. 

3.08 FLASH MIX PUMPS CONTROL LOOP NARRATIVES 

The three existing flash mix pumps C-P-1, C-P-2, and C-P-3 will be replaced with new 
pumps. These flash mix pumps recirculate water and mix chemicals in to the raw water 
at Plant 1. No modifications to the existing control sequence or HMI/PLC programming 
except for testing the new pumps are functional with the existing system.  

3.09 FLOCCULATION AID POLYMER CONTROL LOOP NARRATIVES 

One new polymer blend unit C-PB-2 will replace the existing polymer blend unit. The 
polymer blend unit includes a neat polymer metering pump which transfers polymer from 
the bulk tank, through the polymer blend unit to the polymer day tank. No modifications 
to the existing control sequence or HMI/PLC programming except for testing the new 
unit is functional with the existing system.  
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3.10 FILTER AID POLYMER CONTROL LOOP NARRATIVES 

Three new polymer blend units L-PB-1, L-PB-2, and L-PB-3 will replace the existing 
polymer blend units. The polymer blend units includes a neat polymer metering pump 
which transfers polymer from the bulk tank, through the polymer blend unit to the 
polymer day tank. No modifications to the existing control sequence or HMI/PLC 
programming except for testing the new units are functional with the existing system.  

3.11 COAGULANT AID POLYMER CONTROL LOOP NARRATIVES 

A. Coagulant Aid Polymer Bulk Storage Tanks 
 

There are two existing 9,000 gallon bulk storage tanks (I-T-9 andI-T-10) located in 
the North Chemical Storage Area.  Each of these tanks is 8-feet in diameter with a 
tank shell height of 25- feet (contractor to field verify tank dimensions).  The inlet 
valves (both fill and re-circulation loop) to each tank are manually actuated.  The 
outlet valve of each tank is provided with an electric motor actuator that can be 
controlled by the plant PLC system.  The outlet valves are normally open unless the 
operator has taken a tank out of service at the HMI.  If a tank outlet valve is 
confirmed closed, the tank shall be noted as “out-of-service” at the HMI. If a tank 
outlet valve is confirmed open, the tank shall be noted as “in-service” at the HMI. If 
one tank has been taken out of service  then it is critical that operations staff confirm 
the open/close position of the recirculation inlet line to make sure an out of service  
tank is not over filled and allowed to overflow.   Each bulk tank has one pressure 
sensing level instrument.  

3. Manual Operation 

If the bulk tank outlet isolation valve electric motor actuator is set to 
LOCAL, the operator can open and close the valve locally at the valve. If 
the valve actuator is set to REMOTE, the operator can manually open and 
close the valve from the HMI. 

4. Automatic Modes 

The status of the bulk tank outlet valve, open/close  

The tank level from the instrument; level range of the tank is the tank shell 
height 

5. Failure Control Modes 

  The following alarms and statuses are indicated: 

- Level alarm high 23.5-ft from the bottom of the tank, this level will 
produce a local alarm at the truck unloading area, and an alarm at 
the HMI. 
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- Level alarm high-high 24-ft from the bottom of the tank, at this level 
there will be a signal for the electric motor actuated valve to open, 
and also the electric motor actuated valve of the other tank shall 
open, if the second bulk tank’s electric motor actuated valve is 
closed, and the tank level is lower than the tank being filled.  

- Level alarm low 3-ft from the bottom of the tank will prompt an 
alarm at the HMI which will remind the operator to order additional 
chemical.   

- Rapidly falling level will initiate emergency close of the electric 
motor actuated valve on the tank outlet.  

 NO MODIFICATIONS ARE REQUIRED TO THE EXISTING POLYMER 
BULK STORAGE TANKS EXCEPT FOR TESTING THE EXISTING 
PROGRAM IS FUNCTIONAL PER THE DESCRIPTION. 

B. Coagulant Aid Polymer Blending Units 
 

Two new polymer blend units C-PBW-14 and C-PBW-15 will replace the existing 
polymer blend units. Each polymer blend unit includes a neat polymer metering 
pump which transfers polymer from the bulk tank, through the polymer blend unit to 
the polymer day tank.    The polymer blend units shall operate in three control 
modes: local manual, remote manual, and automatic.   

Manual Operation 

Local manual: Blend Units are set to LOCAL at the respective control 
panel. Blend can be started and stopped using the selector switch on the 
panel. In this mode of operation, there is no dry run protection (no interlock 
to the bulk tank outlet valves or low tank level alarms).  

Remote manual: Blend unit is set to REMOTE at the respective control 
panel and the blend unit is placed in MANUAL at the HMI. In this mode of 
operation, the operator can manually start and stop a blend unit at the 
HMI. If the in-service day tank liquid level is above the high level, the 
polymer blend unit shall be inhibited from starting.  Polymer blend units 
shall be inhibited from starting if any fail condition is active. If the liquid 
level in the in-service bulk tank is below the low level, the polymer blend 
unit shall be inhibited from starting.  

Mode key on the pump controller toggles between internal and external 
pump stroke rate control. In internal mode, the pump controller provides 
manual control of pump stroke rate using up and down curser keys. Pump 
stroke length is adjustable via manual adjustment on pump. 

Dilution water is manually set via 0-80 gpm rotameter. 

1.   Automatic Modes 
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Polymer Blend Unit is set to REMOTE at the respective polymer blend unit 
control panel and the polymer blend unit is placed in AUTOMATIC at the 
HMI. In this mode of operation, the SCADA system will automatically start 
and stop the blend unit based on the level in the polymer bulk tank. When 
the bulk tank reaches a low level, the neat polymer metering pump shall 
stop. In this mode of operation, the SCADA system will automatically start 
and stop the blend unit based on the level in the polymer day tank. When 
the day tank reaches a high level, the neat polymer metering pump shall 
stop. 

Pump stroke length is manually controlled via adjustment on pump and 
determines polymer dosage at any plant flow rate.  

 Dilution water flow is manually set via 0-80 gpm rotameter. 

All control wiring from the new transfer pumps will be connected to the 
existing I/O. 

2. Failure Control Modes 

The following alarms and statuses are indicated: 

- Polymer blender status - local/off/auto, run. 

- Level alarm low 1-ft from the bottom of the bulk tank will 
stop the neat polymer mixing pump and the mixer. 

-  Level alarm high 4-ft 9-inches from the bottom of the day 
tank will stop the neat polymer mixing pump and mixer.  

 

C. Coagulant Aid Polymer Day Tanks 
 
Two new 1,750 gallon polymer day tanks (C-DT-7 and C-DT-8) will 
replace existing day tanks and be located in polymer day tank room 
(formerly the lime metering pump room). The tank inlet and outlet valves 
of the tank are manually operated. The polymer day tank is equipped with 
an ultrasonic level meter.  
 
1. Failure Control Modes 

 The following alarms and statuses are indicated: 

- Level alarm HIGH, LSH, 4-ft-9-inches  from the bottom of the day 
tank, this level will initiate immediate  shutdown of the polymer 
blend units  C-PWB-14 and C-PBW-15 in any mode of operation 
(MANUAL REMOTE or AUTOMATIC REMOTE).  
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- Level alarm HIGH-HIGH, LSHH, 5-ft 3-inches from the bottom of 
the day tank, at this level it is initiated automatic shutdown of 
polymer blend units  C-PWB-14 and C-PBW-15, and the shutdown 
of the metering pumps I-FD-8, I-FD-9, I-FD-10, I-FD-11,  I-FD-12, 
and I-FD-13.  

- Level alarm low, LSL, 1.5-ft from the bottom of the tank will 
generate an alarm and signal the selected duty polymer blend unit 
to START when the polymer blend unit is set to AUTOMATIC 
REMOTE. 

- Level alarm low-low, LSLL, 1-ft from the bottom of the tank will 
prompt an alarm and shutdown of the metering pumps I-FD-8, I-
FD-9, I-FD-10, I-FD-11, I-FD-12, and I-FD-13. 

D. Coagulant Aid Polymer Metering Pumps 
 
Six positive displacement mechanically actuated diaphragm metering 
pumps, I-FD-8, I-FD-9, I-FD-10, I-FD-11, I-FD-12, and I-FD-13 will replace 
the existing metering pumps.  Depending on pump application point, 
pumps can operate in manual dosage and/or automatic modes.  The 
pumps and related controls will be connected to the existing control panel.  
All the existing VFDs will be replaced with new VFDs.  
 
The range of the flow to the Plant 1 Flow Tubes is 0-92 gph. The range of 
flow to the Plant 2 Flow Tubes is 0-46 gph. The existing polymer flow rates 
are indicated at the HMI.  The existing I/O will be re-used. 
 
1. Manual Operation 

The metering pumps are started and stopped by the operator when the 
HOA switch is in manual position both in the field and at the HMI.  The 
operator enters a percent speed for the pump to run. To switch 
operation mode from automatic to manual, the initial commanded state 
shall match the last automatic commanded state. In manual operation, 
the operators shall have the ability to start and stop the VFDs, pumps 
and control valves locally so as to feed chemicals in the event of PLC 
system failure. 

 
2. Automatic Mode 

The flow pacing signal varies depends on the feed application point.  
Pump speed is controlled remotely via external 4-20 mA input. 

 
The flow signal for Polymer Metering Pumps I-FD-8, I-FD-9, I-FD-10, I-
FD-11, I-FD-12, and I-FD-13. – These pumps could come from any of 
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the following application points: Low Lift Pump Station No. 1 & 2, 
Settled Water Channel, and Clearwell. Additionally, each pump is 
equipped with valves to divert polymer to designated feeding locations. 

 
In the dosage mode, the dosage switch will be selected within the HMI 
and the appropriate dosage setpoint, flow pacing signal, specific 
gravity, and chemical concentration will be entered by the operator.  
The metering pumps will be started or stopped at the HMI by the 
operator.   

  
The calculated feed rate is divided by the number of active pumps in 
auto mode selected that feed to the same application point.  The PLC 
converts the calculated feed rate to pump speed by using the two point 
calibration data configured from the calibration screen.  

 
3. Failure Control Modes 

The following alarms and statuses are indicated: 
 

- pump run status 

- pump diaphragm leak detector 

- pump ready status 

- pump VFD fail 

- pump high discharge pressure  

 
END OF SECTION 
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23 LIT-140 Pressure Level Transmitter Ammonia Bulk Storage Tank I-T-5 Level 

Transmitter (Pressure)
Remove and Replace by 
Contractor. 00 Y-2

23 LI-140 Level Level Indicator Ammonia Bulk Storage Tank I-T-5 Level 
Indicator

New equipment provided by 
COH. 00 Y-2

23 MOV-142 Valve Actuator
Motorized 
Operative Valve 
Actuator

Ammonia Bulk Storage Tank I-T-5 
Motorized Operative Valve Actuator 

Remove and Replace by 
Contractor. 00 Y-2

23 LIT-144 Pressure Level Transmitter Ammonia Bulk Storage Tank I-T-6 Level 
Transmitter (Pressure)

Remove and Replace by 
Contractor. 00 Y-2

23 LI-144 Level Level Indicator Ammonia Bulk Storage Tank I-T-6 Level 
Indicator

New equipment provided by 
COH. 00 Y-2

23 MOV-146 Valve Actuator
Motorized 
Operative Valve 
Actuator

Ammonia Bulk Storage Tank I-T-6 
Motorized Operative Valve Actuator 

Remove and Replace by 
Contractor. 00 Y-2

23 SV-143 Solenoid  Solenoid Valve  Ammonia Scrubber Tank I-ST-1 Solenoid 
Valve 

Remove and Replace by 
Contractor. 00 Y-2

23 SV-143 Valve Solenoid Valve Ammonia Scrubber Tank I-ST-1 Solenoid 
Valve 1"

Remove and Replace by 
Contractor. 00 Y-2

24 PI-149 Pressure Pressure 
Indicator

Ammonia Transfer Pumps Inlet Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-2

24 SV-148 Solenoid  Solenoid Valve  Ammonia Transfer Pump I-TP-1 Dilution 
Water Solenoid Valve 

Remove and Replace by 
Contractor. 00 Y-2

24 SV-148 Valve Solenoid Valve Ammonia Transfer Pump I-TP-1 Dilution 
Water Solenoid Valve 1"

Remove and Replace by 
Contractor. 00 Y-2

24 FS-148A Flow Flow Switch Ammonia Transfer Pump I-TP-1 Dilution 
Water Flow Switch 1"

Remove and Replace by 
Contractor. 00 Y-2

24 PI-148 Pressure Pressure 
Indicator

Ammonia Transfer Pump I-TP-1 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-2

24 FS-148 Flow Flow Switch Ammonia Transfer Pump I-TP-1 Discharge 
Flow Switch 1.5"

Remove and Replace by 
Contractor. 00 Y-2

24 SV-150 Solenoid  Solenoid Valve  Ammonia Transfer Pump I-TP-2 Dilution 
Water Solenoid Valve 

Remove and Replace by 
Contractor. 00 Y-2

24 SV-150 Valve Solenoid Valve Ammonia Transfer Pump I-TP-2 Dilution 
Water Solenoid Valve 1"

Remove and Replace by 
Contractor. 00 Y-2

24 FS-150A Flow Flow Switch Ammonia Transfer Pump I-TP-2 Dilution 
Water Flow Switch 1"

Remove and Replace by 
Contractor. 00 Y-2

24 PI-150 Pressure Pressure 
Indicator

Ammonia Transfer Pump I-TP-2 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-2
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24 FS-150 Flow Flow Switch Ammonia Transfer Pump I-TP-2 Discharge 
Flow Switch 1.5"

Remove and Replace by 
Contractor. 00 Y-2

24 SV-152 Solenoid  Solenoid Valve  Ammonia Transfer Pump I-TP-3 Dilution 
Water Solenoid Valve 

Remove and Replace by 
Contractor. 00 Y-2

24 SV-152 Valve Solenoid Valve Ammonia Transfer Pump I-TP-3 Dilution 
Water Solenoid Valve 1"

Remove and Replace by 
Contractor. 00 Y-2

24 FS-152A Flow Flow Switch Ammonia Transfer Pump I-TP-3 Dilution 
Water Flow Switch 1"

Remove and Replace by 
Contractor. 00 Y-2

24 PI-152 Pressure Pressure 
Indicator

Ammonia Transfer Pump I-TP-3 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-2

24 FS-152 Flow Flow Switch Ammonia Transfer Pump I-TP-3 Discharge 
Flow Switch 1.5"

Remove and Replace by 
Contractor. 00 Y-2

25 LSH-154 Level Level Switch Ammonia Day Tank C-DT-3 Level High 
Switch

New equipment provided by 
Contractor 00 Y-3

25 LIT-154 Pressure Level Transmitter Ammonia Day Tank C-DT-3 Level 
Transmitter (Pressure)

Remove and Replace by 
Contractor. 00 Y-3

25 LSH-155 Level Level Switch Ammonia Day Tank C-DT-4 Level High 
Switch

New equipment provided by 
Contractor 00 Y-3

25 LIT-155 Pressure Level Transmitter Ammonia Day Tank C-DT-4 Level 
Transmitter (Pressure)

Remove and Replace by 
Contractor. 00 Y-3

25 XS-160 Leak Detection Leak Detection Ammonia Metering Pump C-FD-11 Leak 
Detection

New equipment provided by 
Contractor 00 Y-4

25 TSH-160 Temperature Switch Ammonia Metering Pump C-FD-11  
Temperature Switch High

New equipment provided by 
Contractor 00 Y-4

25 XS-162 Leak Detection Leak Detection Ammonia Metering Pump C-FD-10 Leak 
Detection

New equipment provided by 
Contractor 00 Y-4

25 TSH-162 Temperature Switch Ammonia Metering Pump C-FD-10 
Temperature Switch High

New equipment provided by 
Contractor 00 Y-4

25 XS-168 Leak Detection Leak Detection Ammonia Metering Pump C-FD-12 Leak 
Detection

New equipment provided by 
Contractor 00 Y-4

25 TSH-168 Temperature Switch Ammonia Metering Pump C-FD-12 
Temperature Switch High

New equipment provided by 
Contractor 00 Y-4

25 XS-170 Leak Detection Leak Detection Ammonia Metering Pump C-FD-13 Leak 
Detection

New equipment provided by 
Contractor 00 Y-4

25 TSH-170 Temperature Switch Ammonia Metering Pump C-FD-13  
Temperature Switch High

New equipment provided by 
Contractor 00 Y-4

25 XS-178 Leak Detection Leak Detection Ammonia Metering Pump C-FD-14 Leak 
Detection

New equipment provided by 
Contractor 00 Y-5
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25 TSH-178 Temperature Switch Ammonia Metering Pump C-FD-14  
Temperature Switch High

New equipment provided by 
Contractor 00 Y-5

25 XS-180 Leak Detection Leak Detection Ammonia Metering Pump C-FD-15 Leak 
Detection

New equipment provided by 
Contractor 00 Y-5

25 TSH-180 Temperature Switch Ammonia Metering Pump C-FD-15  
Temperature Switch High

New equipment provided by 
Contractor 00 Y-5

25 XS-186 Leak Detection Leak Detection Ammonia Metering Pump C-FD-16 Leak 
Detection

New equipment provided by 
Contractor 00 Y-5

25 TSH-186 Temperature Switch Ammonia Metering Pump C-FD-16  
Temperature Switch High

New equipment provided by 
Contractor 00 Y-5

25 XS-188 Leak Detection Leak Detection Ammonia Metering Pump C-FD-18 Leak 
Detection

New equipment provided by 
Contractor 00 Y-5

25 TSH-188 Temperature Switch Ammonia Metering Pump C-FD-18  
Temperature Switch High

New equipment provided by 
Contractor 00 Y-5

23 PI-196 Pressure Burdon Tube Caustic Recirculation Pump I-MP-01 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-6

23 PSH-196 Pressure Switch Caustic Recirculation Pump I-MP-01 
Pressure Switch

Remove and Replace by 
Contractor. 00 Y-6

23 LIT-196 Pressure Level Transmitter Caustic Bulk Storage Tank I-T-3 Level 
Transmitter (Pressure)

Remove and Replace by 
Contractor. 00 Y-6

23 MOV-198 Valve Actuator
Motorized 
Operative Valve 
Actuator

Caustic Bulk Storage Tank I-T-3 Motorized 
Operative Valve Actuator

Provided by Metering Pump 
Supplier 00 Y-6

23 PI-200 Pressure Burdon Tube Caustic Recirculation Pump I-MP-02 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-6

23 PSH-200 Pressure Switch Caustic Recirculation Pump I-MP-02 
Pressure Switch

Remove and Replace by 
Contractor. 00 Y-6

23 LIT-200 Pressure Level Transmitter Caustic Bulk Storage Tank I-T-4 Level 
Transmitter (Pressure)

Remove and Replace by 
Contractor. 00 Y-6

23 MOV-202 Valve Actuator
Motorized 
Operative Valve 
Actuator

Caustic Bulk Storage Tank I-T-4 Motorized 
Operative Valve Actuator

Provided by Metering Pump 
Supplier 00 Y-6

24 PI-204 Pressure
Pressure 
Indicator

Caustic Transfer Pump I-TP-4 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-7

24 FS-204 Flow Switch Caustic Transfer Pump I-TP-4 Discharge 
Flow Switch

Remove and Replace by 
Contractor. 00 Y-7

24 PI-206 Pressure
Pressure 
Indicator

Caustic Transfer Pump I-TP-5 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-7
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24 FS-206 Flow Switch Caustic Transfer Pump I-TP-5 Discharge 
Flow Switch

Remove and Replace by 
Contractor. 00 Y-7

24 PI-208 Pressure
Pressure 
Indicator

Caustic Transfer Pump I-TP-6 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-7

24 FS-208 Flow Switch Caustic Transfer Pump I-TP-6 Discharge 
Flow Switch

Remove and Replace by 
Contractor. 00 Y-7

25 LE-210 Level Ultrasonic Level 
Element

Caustic Day Tank C-DT-5 Level Element
Remove and Replace by 
Contractor. Field Verify Flange 
Size.

00 Y-7

25 LIT-210 Level Transmitter Caustic Day Tank C-DT-5 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-7

25 LSH-210 Level Switch Caustic Day Tank C-DT-5 Level Switch 
High

Remove and Replace by 
Contractor. Field Verify Flange 
Size.

00 Y-7

25 LE-212 Level Ultrasonic Level 
Element

Caustic Day Tank C-DT-6 Level Element
Remove and Replace by 
Contractor. Field Verify Flange 
Size.

00 Y-7

25 LIT-212 Level Transmitter Caustic Day Tank C-DT-6 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-7

25 LSH-212 Level Switch Caustic Day Tank C-DT-6 Level Switch 
High

Remove and Replace by 
Contractor. Field Verify Flange 
Size.

00 Y-7

25 PI-224 Pressure Bourdon Tube Caustic Mettering Pump C-FD-21 
Discharge Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-8

25 PI-224A Pressure Bourdon Tube Caustic Mettering Pump C-FD-21 
Discharge Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-8

25 PSH-224 Pressure Switch Caustic Mettering Pump C-FD-21 
Discharge Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-8

25 PI-226 Pressure Bourdon Tube Caustic Mettering Pump C-FD-22 
Discharge Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-8

25 PI-226A Pressure Bourdon Tube Caustic Mettering Pump C-FD-22 
Discharge Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-8

25 PSH-226 Pressure Switch Caustic Mettering Pump C-FD-22 
Discharge Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-8

25 PI-228 Pressure Bourdon Tube Caustic Mettering Pump C-FD-23 
Discharge Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-8

25 PI-228A Pressure Bourdon Tube Caustic Mettering Pump C-FD-23 
Discharge Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-8
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25 PSH-228 Pressure Switch Caustic Mettering Pump C-FD-23 
Discharge Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-8

25 FIT-232 Flow Flowmeter Caustic Discharge Flowmeter to Plant 2 
Low Lift Pump Station

Remove and Replace by 
Contractor. 00 Y-8

25 PI-216 Pressure Bourdon Tube Caustic Mettering Pump C-FD-18 
Discharge Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-9

25 PI-216A Pressure Bourdon Tube Caustic Mettering Pump C-FD-18 
Discharge Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-9

25 PSH-216 Pressure Switch Caustic Mettering Pump C-FD-18 
Discharge Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-9

25 PI-218 Pressure Bourdon Tube Caustic Mettering Pump C-FD-19 
Discharge Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-9

25 PI-218A Pressure Bourdon Tube Caustic Mettering Pump C-FD-19 
Discharge Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-9

25 PSH-218 Pressure Switch Caustic Mettering Pump C-FD-19 
Discharge Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-9

25 PI-220 Pressure Bourdon Tube Caustic Mettering Pump C-FD-20 
Discharge Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-9

25 PI-220A Pressure Bourdon Tube Caustic Mettering Pump C-FD-20 
Discharge Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-9

25 PSH-220 Pressure Switch Caustic Mettering Pump C-FD-20 
Discharge Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-9

25 FIT-231 Flow Flowmeter Caustic Discharge Flowmeter to Plant 1 
Low Lift Pump Station

Remove and Replace by 
Contractor. 00 Y-9

25 PI-1030-1 Pressure Bourdon Tube Caustic Metering Pump C-FD-24 Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-10

25 PI-1030-1A Pressure Bourdon Tube Caustic Metering Pump C-FD-24 Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-10

25 PSH-1030-1 Pressure Switch Caustic Metering Pump C-FD-24 Pressure 
Switch High

Remove and Replace by 
Contractor. 00 Y-10

25 PI-1030-2 Pressure Bourdon Tube Caustic Metering Pump C-FD-25 Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-10

25 PI-1030-2A Pressure Bourdon Tube Caustic Metering Pump C-FD-25 Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-10

25 PSH-1030-2 Pressure Switch Caustic Metering Pump C-FD-25 Pressure 
Switch High

Remove and Replace by 
Contractor. 00 Y-10

25 PI-1030-3 Pressure Bourdon Tube Caustic Metering Pump C-FD-26 Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-10
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25 PI-1030-3A Pressure Bourdon Tube Caustic Metering Pump C-FD-26 Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-10

25 PSH-1030-3 Pressure Switch Caustic Metering Pump C-FD-26 Pressure 
Switch High

Remove and Replace by 
Contractor. 00 Y-10

28 LIT-110 Level Transmitter Caustic Bulk Storage Tank D-T-3 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-11

28 LI-110 Level Indicator Caustic Bulk Storage Tank D-T-3 Level 
Indicator

New equipment provided by 
COH. 00 Y-11

28 MOV-108 Valve Actuator
Motorized 
Operative Valve 
Actuator

Caustic Bulk Storage Tank D-T-3 
Motorized Operative Valve Actuator

Remove and Replace by 
Contractor. 00 Y-11

28 LIT-106 Level Transmitter Caustic Bulk Storage Tank D-T-2 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-11

28 LI-106 Level Indicator Caustic Bulk Storage Tank D-T-2 Level 
Indicator

New equipment provided by 
COH. 00 Y-11

28 MOV-104 Valve Actuator
Motorized 
Operative Valve 
Actuator

Caustic Bulk Storage Tank D-T-2 
Motorized Operative Valve Actuator

Remove and Replace by 
Contractor. 00 Y-11

28 LIT-102 Level Transmitter Caustic Bulk Storage Tank D-T-1 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-11

28 LI-102 Level Indicator Caustic Bulk Storage Tank D-T-1 Level 
Indicator

New equipment provided by 
COH. 00 Y-11

28 MOV-100 Valve Actuator
Motorized 
Operative Valve 
Actuator

Caustic Bulk Storage Tank D-T-1 
Motorized Operative Valve Actuator

Remove and Replace by 
Contractor. 00 Y-11

28 LIT-122 Level Transmitter Caustic Bulk Storage Tank D-T-6 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-12

28 LI-122 Level Indicator Caustic Bulk Storage Tank D-T-6 Level 
Indicator

New equipment provided by 
COH. 00 Y-12

28 MOV-120 Valve Actuator
Motorized 
Operative Valve 
Actuator

Caustic Bulk Storage Tank D-T-6 
Motorized Operative Valve Actuator

Remove and Replace by 
Contractor. 00 Y-12

28 LIT-118 Level Transmitter Caustic Bulk Storage Tank D-T-5 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-12

28 LI-118 Level Indicator Caustic Bulk Storage Tank D-T-5 Level 
Indicator

New equipment provided by 
COH. 00 Y-12

28 MOV-116 Valve Actuator
Motorized 
Operative Valve 
Actuator

Caustic Bulk Storage Tank D-T-5 
Motorized Operative Valve Actuator

Remove and Replace by 
Contractor. 00 Y-12
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28 LIT-114 Level Transmitter Caustic Bulk Storage Tank D-T-4 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-12

28 LI-114 Level Indicator Caustic Bulk Storage Tank D-T-4 Level 
Indicator

New equipment provided by 
COH. 00 Y-12

28 MOV-112 Valve Actuator
Motorized 
Operative Valve 
Actuator

Caustic Bulk Storage Tank D-T-4 
Motorized Operative Valve Actuator

Remove and Replace by 
Contractor. 00 Y-12

28 PI-124A Pressure Pressure 
Indicator

Ferric Transfer Pumps Influent Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-13

28 SV-125 Valve Solenoid Valve Ferric Transfer Pump D-TP-1 Dilution 
Solenoid Valve

Remove and Replace by 
Contractor. 00 Y-13

28 FS-125 Flow Switch Ferric Transfer Pump D-TP-1 Dilution Flow 
Switch.

Remove and Replace by 
Contractor. 00 Y-13

28 PI-124B Pressure Pressure 
Indicator

Ferric Transfer Pump D-TP-1 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-13

28 FS-124 Flow Switch Ferric Transfer Pump D-TP-1 Discharge 
Flow Switch

Remove and Replace by 
Contractor. 00 Y-13

28 PSH-124B Pressure Pressure Switch Ferric Transfer Pump D-TP-1 Discharge 
High Pressure Switch

New equipment provided by 
Contractor 00 Y-13

28 SV-127 Valve Solenoid Valve Ferric Transfer Pump D-TP-2 Dilution 
Solenoid Valve

Remove and Replace by 
Contractor. 00 Y-13

28 FS-127 Flow Switch Ferric Transfer Pump D-TP-2 Dilution Flow 
Switch.

Remove and Replace by 
Contractor. 00 Y-13

28 PI-126 Pressure Pressure 
Indicator

Ferric Transfer Pump D-TP-2 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-13

28 FS-126 Flow Switch Ferric Transfer Pump D-TP-2 Discharge 
Flow Switch High

Remove and Replace by 
Contractor. 00 Y-13

28 PSH-126 Pressure Pressure Switch Ferric Transfer Pump D-TP-2 Discharge 
High Pressure Switch

New equipment provided by 
Contractor 00 Y-13

28 PI-129 Pressure Pressure 
Indicator

Ferric Transfer Pumps Dilution Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-13

28 SV-129 Valve Solenoid Valve Ferric Transfer Pump D-TP-3 Dilution 
Solenoid Valve

Remove and Replace by 
Contractor. 00 Y-13

28 FS-129 Flow Switch Ferric Transfer Pump D-TP-3 Dilution Flow 
Switch.

Remove and Replace by 
Contractor. 00 Y-13

28 PI-128 Pressure Pressure 
Indicator

Ferric Transfer Pump D-TP-3 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-13

28 FS-128 Flow Switch Ferric Transfer Pump D-TP-3 Discharge 
Flow Switch

Remove and Replace by 
Contractor. 00 Y-13
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28 PSH-128 Pressure Pressure Switch Ferric Transfer Pump D-TP-3 Discharge 
High Pressure Switch

New equipment provided by 
Contractor 00 Y-13

28 PI-130A Pressure Pressure 
Indicator

Ferric Transfer Pumps Influent Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-13

28 SV-131 Valve Solenoid Valve Ferric Transfer Pump D-TP-4 Dilution 
Solenoid Valve

Remove and Replace by 
Contractor. 00 Y-13

28 FS-131 Flow Switch Ferric Transfer Pump D-TP-4 Dilution Flow 
Switch.

Remove and Replace by 
Contractor. 00 Y-13

28 PI-130B Pressure Pressure 
Indicator

Ferric Transfer Pump D-TP-4 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-13

28 FS-130 Flow Switch Ferric Transfer Pump D-TP-4 Discharge 
Flow Switch

Remove and Replace by 
Contractor. 00 Y-13

28 PSH-130B Pressure Pressure Switch Ferric Transfer Pump D-TP-4 Discharge 
High Pressure Switch

New equipment provided by 
Contractor 00 Y-13

25 PSH-2020 Pressure Switch Ferric Feed Pump C-FD-1 Discharge 
Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-14

25 PI-2020 Pressure Bourdon Tube Ferric Feed Pump C-FD-1 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-14

25 PSH-2021 Pressure Switch Ferric Feed Pump C-FD-2 Discharge 
Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-14

25 PI-2021 Pressure Bourdon Tube Ferric Feed Pump C-FD-2 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-14

25 PSH-2022 Pressure Switch Ferric Feed Pump C-FD-3 Discharge 
Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-14

25 PI-2022 Pressure Bourdon Tube Ferric Feed Pump C-FD-3 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-14

25 PSH-2023 Pressure Switch Ferric Feed Pump C-FD-4 Discharge 
Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-15

25 PI-2023 Pressure Bourdon Tube Ferric Feed Pump C-FD-4 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-15

25 PSH-2024 Pressure Switch Ferric Feed Pump C-FD-5 Discharge 
Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-15

25 PI-2024 Pressure Bourdon Tube Ferric Feed Pump C-FD-5 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-15

25 PSH-2025 Pressure Switch Ferric Feed Pump C-FD-6 Discharge 
Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-15

25 PI-2025 Pressure Bourdon Tube Ferric Feed Pump C-FD-6 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-15
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25 PSH-2005 Pressure Switch Ferric Feed Pump C-FD-7 Discharge 
Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-16

25 PI-2005 Pressure Bourdon Tube Ferric Feed Pump C-FD-7 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-16

25 PSH-2006 Pressure Switch Ferric Feed Pump C-FD-8 Discharge 
Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-16

25 PI-2006 Pressure Bourdon Tube Ferric Feed Pump C-FD-8 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-16

25 PSH-2007 Pressure Switch Ferric Feed Pump C-FD-9 Discharge 
Pressure Switch High

Remove and Replace by 
Contractor. 00 Y-16

25 PI-2007 Pressure Bourdon Tube Ferric Feed Pump C-FD-9 Discharge 
Pressure Indicator

Remove and Replace by 
Contractor. 00 Y-16

26 PI-920 Pressure Bourdon Tube North Lime Unloading Pump O-UP-2052 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-17

26 PSH-920 Pressure Switch North Lime Unloading Pump O-UP-2052 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-17

26 FSH-922 Emergency 
Shower Station

Emergency 
Shower Station North Lime Emergency Shower Station New equipment provided by 

Contractor 00 Y-17

26 HS-924B Hand Switch Switch North Lime Slurry Storage Tank I-T-1 Hand 
Switch

New equipment provided by 
Contractor 00 Y-17

26 LE-924 Level Ultrasonic Level 
Element

North Lime Slurry Storage Tank I-T-1 Level 
Element

New equipment provided by 
Contractor 00 Y-17

26 LIT-924 Level Ultrasonic Level 
Transmitter

North Lime Slurry Storage Tank I-T-1 Level 
Transmitter

New equipment provided by 
Contractor 00 Y-17

26 LI-924 Level Ultrasonic Level 
Indicator

North Lime Slurry Storage Tank I-T-1 Level 
Indicator

New equipment provided by 
COH 00 Y-17

26 LIT-926 Level Pressure 
Transmitter

North Lime Slurry Storage Tank I-T-1 
Secondary Level Indicator

New equipment provided by 
Contractor 00 Y-17

26 FSH-932 Emergency 
Shower Station

Emergency 
Shower Station

North Lime Slurry Storage Tank I-T-1 
Emergency Shower Station

New equipment provided by 
Contractor 00 Y-17

26 XS-936 Leak Detection Leak Detection North Lime Recirculation Pump O-RC-1 
Leak Detection

New equipment provided by 
Contractor 00 Y-17

26 HS-936 Hand Switch Switch North Lime Recirculation Pump O-RC-1 
Hand Switch

New equipment provided by 
Contractor 00 Y-17

26 PI-936 Pressure Pressure 
Indicator

North Lime Recirculation Pump O-RC-1 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-17

26 PSH-936 Pressure Switch North Lime Recirculation Pump O-RC-1 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-17
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26 HS-928B Hand Switch Switch North Lime Slurry Storage Tank I-T-3 Hand 
Switch

New equipment provided by 
Contractor 00 Y-17

26 LE-928 Level Ultrasonic Level 
Element

North Lime Slurry Storage Tank I-T-3 Level 
Element

New equipment provided by 
Contractor 00 Y-17

26 LIT-928 Level Ultrasonic Level 
Transmitter

North Lime Slurry Storage Tank I-T-3 Level 
Transmitter

New equipment provided by 
Contractor 00 Y-17

26 LI-928 Level Ultrasonic Level 
Indicator

North Lime Slurry Storage Tank I-T-3 Level 
Indicator

New equipment provided by 
COH 00 Y-17

26 LIT-930 Level Pressure 
Transmitter

North Lime Slurry Storage Tank I-T-3 
Secondary Level Indicator

New equipment provided by 
Contractor 00 Y-17

26 FSH-934 Emergency 
Shower Station

Emergency 
Shower Station

North Lime Slurry Storage Tank I-T-3 
Emergency Shower Station

New equipment provided by 
Contractor 00 Y-17

26 XS-938 Leak Detection Leak Detection North Lime Recirculation Pump O-RC-2 
Leak Detection

New equipment provided by 
Contractor 00 Y-17

26 HS-938 Hand Switch Switch North Lime Recirculation Pump O-RC-2 
Hand Switch

New equipment provided by 
Contractor 00 Y-17

26 PI-938 Pressure Pressure 
Indicator

North Lime Recirculation Pump O-RC-2 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-17

26 PSH-938 Pressure Switch North Lime Recirculation Pump O-RC-2 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-17

26 LSH-940 Level Float Switch North Lime Sump Pump Level High New equipment provided by 
Contractor 00 Y-17

26 PI-950A Pressure Pressure 
Indicator

North Lime Lime Feed Pump I-FD-1 
Dilution Water Pressure Indicator

New equipment provided by 
Contractor 00 Y-18

26 HS-950 Hand Switch Switch North Lime Lime Feed Pump I-FD-1 Hand 
Switch

New equipment provided by 
Contractor 00 Y-18

26 XS-950 Leak Detection Leak Detection North Lime Lime Feed Pump I-FD-1 Leak 
Detection

New equipment provided by 
Contractor 00 Y-18

26 PI-950 Pressure Pressure 
Indicator

North Lime Lime Feed Pump I-FD-1 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-18

26 PSH-950 Pressure Switch North Lime Lime Feed Pump I-FD-1 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-18

26 PI-952A Pressure Pressure 
Indicator

North Lime Lime Feed Pump I-FD-2 
Dilution Water Pressure Indicator

New equipment provided by 
Contractor 00 Y-18

26 HS-952 Hand Switch Switch North Lime Lime Feed Pump I-FD-2 Hand 
Switch

New equipment provided by 
Contractor 00 Y-18

26 XS-952 Leak Detection Leak Detection North Lime Lime Feed Pump I-FD-2 Leak 
Detection

New equipment provided by 
Contractor 00 Y-18
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26 PI-952 Pressure Pressure 
Indicator

North Lime Lime Feed Pump I-FD-2 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-18

26 PSH-952 Pressure Switch North Lime Lime Feed Pump I-FD-2 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-18

26 PI-954A Pressure Pressure 
Indicator

North Lime Lime Feed Pump I-FD-3 
Dilution Water Pressure Indicator

New equipment provided by 
Contractor 00 Y-18

26 HS-954 Hand Switch Switch North Lime Lime Feed Pump I-FD-3 Hand 
Switch

New equipment provided by 
Contractor 00 Y-18

26 XS-954 Leak Detection Leak Detection North Lime Lime Feed Pump I-FD-3 Leak 
Detection

New equipment provided by 
Contractor 00 Y-18

26 PI-954 Pressure Pressure 
Indicator

North Lime Lime Feed Pump I-FD-3 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-18

26 PSH-954 Pressure Switch North Lime Lime Feed Pump I-FD-3 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-18

26 PI-956A Pressure Pressure 
Indicator

North Lime Lime Feed Pump I-FD-4 
Dilution Water Pressure Indicator

New equipment provided by 
Contractor 00 Y-18

26 HS-956 Hand Switch Switch North Lime Lime Feed Pump I-FD-4 Hand 
Switch

New equipment provided by 
Contractor 00 Y-18

26 XS-956 Leak Detection Leak Detection North Lime Lime Feed Pump I-FD-4 Leak 
Detection

New equipment provided by 
Contractor 00 Y-18

26 PI-956 Pressure Pressure 
Indicator

North Lime Lime Feed Pump I-FD-4 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-18

26 PSH-956 Pressure Switch North Lime Lime Feed Pump I-FD-4 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-18

21 PI-900 Pressure Pressure 
Indicator

South Lime Unloading Pump O-UP-2051 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-19

21 PSH-900 Pressure Switch South Lime Unloading Pump O-UP-2051 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-19

21 FSH-902 Emergency 
Shower Station

Emergency 
Shower Station South Lime Emergency Shower Station New equipment provided by 

Contractor 00 Y-19

21 HS-902 Hand Switch Switch South Lime Slurry Storage Tank I-T-2 
Hand Switch

New equipment provided by 
Contractor 00 Y-19

21 LE-902 Level Ultrasonic Level 
Element

South Lime Slurry Storage Tank I-T-2 
Level Element

New equipment provided by 
Contractor 00 Y-19

21 LIT-902 Level Ultrasonic Level 
Transmitter

South Lime Slurry Storage Tank I-T-2 
Level Transmitter

New equipment provided by 
Contractor 00 Y-19

21 LI-902 Level Ultrasonic Level 
Indicator

South Lime Slurry Storage Tank I-T-2 
Level Indicator

New equipment provided by 
COH 00 Y-19
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21 LIT-904 Level Pressure 
Transmitter

South Lime Slurry Storage Tank I-T-2 
Secondary Level Indicator

New equipment provided by 
Contractor 00 Y-19

21 FSH-904 Emergency 
Shower Station

Emergency 
Shower Station

South Lime Slurry Storage Tank I-T-2 
Emergency Shower Station

New equipment provided by 
Contractor 00 Y-19

21 XS-910 Leak Detection Leak Detection South Lime Recirculation Pump O-RC-3 
Leak Detection

New equipment provided by 
Contractor 00 Y-19

21 HS-910 Hand Switch Switch South Lime Recirculation Pump O-RC-3 
Hand Switch

New equipment provided by 
Contractor 00 Y-19

21 PI-910 Pressure Pressure 
Indicator

South Lime Recirculation Pump O-RC-3 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-19

21 PSH-910 Pressure Switch South Lime Recirculation Pump O-RC-3 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-19

21 HS-906 Hand Switch Switch South Lime Slurry Storage Tank I-T-4 
Hand Switch

New equipment provided by 
Contractor 00 Y-19

21 LE-906 Level Ultrasonic Level 
Element

South Lime Slurry Storage Tank I-T-4 
Level Element

New equipment provided by 
Contractor 00 Y-19

21 LIT-906 Level Ultrasonic Level 
Transmitter

South Lime Slurry Storage Tank I-T-4 
Level Transmitter

New equipment provided by 
Contractor 00 Y-19

21 LI-906 Level Ultrasonic Level 
Indicator

South Lime Slurry Storage Tank I-T-4 
Level Indicator

New equipment provided by 
COH 00 Y-19

21 LIT-908 Level Pressure 
Transmitter

South Lime Slurry Storage Tank I-T-4 
Secondary Level Indicator

New equipment provided by 
Contractor 00 Y-19

21 FSH-910 Emergency 
Shower Station

Emergency 
Shower Station

South Lime Slurry Storage Tank I-T-4 
Emergency Shower Station

New equipment provided by 
Contractor 00 Y-19

21 XS-912 Leak Detection Leak Detection South Lime Recirculation Pump O-RC-4 
Leak Detection

New equipment provided by 
Contractor 00 Y-19

21 HS-912 Hand Switch Switch South Lime Recirculation Pump O-RC-4 
Hand Switch

New equipment provided by 
Contractor 00 Y-19

21 PI-912 Pressure Pressure 
Indicator

South Lime Recirculation Pump O-RC-4 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-19

21 PSH-912 Pressure Switch South Lime Recirculation Pump O-RC-4 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-19

21 LSH-914 Level Gauge Magnetic South Lime Sump Pump Level High New equipment provided by 
Contractor 00 Y-19

21 PI-960A Pressure Pressure 
Indicator

South Lime Lime Feed Pump I-FD-5 
Dilution Water Pressure Indicator

New equipment provided by 
Contractor 00 Y-20

21 HS-960 Hand Switch Switch South Lime Lime Feed Pump I-FD-5 Hand 
Switch

New equipment provided by 
Contractor 00 Y-20
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21 XS-960 Leak Detection Leak Detection South Lime Lime Feed Pump I-FD-5 Leak 
Detection

New equipment provided by 
Contractor 00 Y-20

21 PI-960B Pressure Pressure 
Indicator

South Lime Lime Feed Pump I-FD-5 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-20

21 PSH-960 Pressure Switch South Lime Lime Feed Pump I-FD-5 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-20

21 PI-962A Pressure Pressure 
Indicator

South Lime Lime Feed Pump I-FD-6 
Dilution Water Pressure Indicator

New equipment provided by 
Contractor 00 Y-20

21 HS-962 Hand Switch Switch South Lime Lime Feed Pump I-FD-6 Hand 
Switch

New equipment provided by 
Contractor 00 Y-20

21 XS-962 Leak Detection Leak Detection South Lime Lime Feed Pump I-FD-6 Leak 
Detection

New equipment provided by 
Contractor 00 Y-20

21 PI-962B Pressure Pressure 
Indicator

South Lime Lime Feed Pump I-FD-6 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-20

21 PSH-962 Pressure Switch South Lime Lime Feed Pump I-FD-6 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-20

21 PI-964A Pressure Pressure 
Indicator

South Lime Lime Feed Pump I-FD-7 
Dilution Water Pressure Indicator

New equipment provided by 
Contractor 00 Y-20

21 HS-964 Hand Switch Switch South Lime Lime Feed Pump I-FD-7 Hand 
Switch

New equipment provided by 
Contractor 00 Y-20

21 XS-964 Leak Detection Leak Detection South Lime Lime Feed Pump I-FD-7 Leak 
Detection

New equipment provided by 
Contractor 00 Y-20

21 PI-964A Pressure Pressure 
Indicator

South Lime Lime Feed Pump I-FD-7 
Discharge Pressure Indicator

New equipment provided by 
Contractor 00 Y-20

21 PSH-964B Pressure Switch South Lime Lime Feed Pump I-FD-7 
Discharge Pressure High

New equipment provided by 
Contractor 00 Y-20

23 LIT-242 Level Transmitter Flouride Bulk Storage Tank I-T-7 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-21

23 LI-242 Level Indicator Flouride Bulk Storage Tank I-T-7 Level 
Indicator

New equipment provided by 
COH. 00 Y-21

23 MOV-244 Valve Actuator
Motorized 
Operative Valve 
Actuator

Flouride Bulk Storage Tank I-T-7 
Motorized Operative Valve Actuator

Remove and Replace by 
Contractor. 00 Y-21

23 LIT-246 Level Transmitter Flouride Bulk Storage Tank I-T-8 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-21

23 LI-246 Level Indicator Flouride Bulk Storage Tank I-T-8 Level 
Indicator

New equipment provided by 
COH. 00 Y-21
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23 MOV-248 Valve Actuator
Motorized 
Operative Valve 
Actuator

Flouride Bulk Storage Tank I-T-8 
Motorized Operative Valve Actuator

Remove and Replace by 
Contractor. 00 Y-21

23 SV-250 Valve Solenoid Valve Flouride Scubber Tank Solenoid Valve Remove and Replace by 
Contractor. 00 Y-21

24 PI-250 Pressure Bourdon Tube Flouride Transfer Pump I-TP-7 Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-22

24 PSH-250 Pressure Switch Flouride Transfer Pump I-TP-7 Pressure 
Switch

Remove and Replace by 
Contractor. 00 Y-22

24 HS-250 Hand Switch Switch Flouride Transfer Pump I-TP-7 Hand 
Switch

Remove and Replace by 
Contractor. 00 Y-22

24 PI-252 Pressure Bourdon Tube Flouride Transfer Pump I-TP-8 Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-22

24 PSH-252 Pressure Switch Flouride Transfer Pump I-TP-8 Pressure 
Switch

Remove and Replace by 
Contractor. 00 Y-22

24 HS-252 Hand Switch Switch Flouride Transfer Pump I-TP-8 Hand 
Switch

Remove and Replace by 
Contractor. 00 Y-22

24 PI-254 Pressure Bourdon Tube Flouride Transfer Pump I-TP-9 Pressure 
Indicator

Remove and Replace by 
Contractor. 00 Y-22

24 PSH-254 Pressure Switch Flouride Transfer Pump I-TP-9 Pressure 
Switch

Remove and Replace by 
Contractor. 00 Y-22

24 HS-254 Hand Switch Switch Flouride Transfer Pump I-TP-9 Hand 
Switch

Remove and Replace by 
Contractor. 00 Y-22

24 LSH-256 Level Switch Flouride Day Tank I-DT-1 High Level 
Switch 

Remove and Replace by 
Contractor. 00 Y-22

24 WE-256 Level Element Flouride Day Tank I-DT-1 Level Element Remove and Replace by 
Contractor. 00 Y-22

24 WIT-256 Level Transmitter Flouride Day Tank I-DT-1 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-22

24 LSH-257 Level Switch Flouride Day Tank I-DT-2 Level Switch 
High

Remove and Replace by 
Contractor. 00 Y-22

24 WE-257 Level Element Flouride Day Tank I-DT-2 Level Element Remove and Replace by 
Contractor. 00 Y-22

24 WIT-257 Level Transmitter Flouride Day Tank I-DT-2 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-22

27 LSH-731 Level Switch PAC Sump Pump Level Switch New equipment provided by 
Contractor 00 Y-24

27 XS-716 Leak Detection Leak Detection PAC Feed Pump D-FD-1 Leak Detection New equipment provided by 
Contractor. 00 Y-26
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27 TSH-716 TEMPERATURE Switch PAC Feed Pump D-FD-1 Temperature 
Switch High

New equipment provided by 
Pump Vendor. 00 Y-26

27 XS-714 Leak Detection Leak Detection PAC Feed Pump D-FD-2 Leak Detection New equipment provided by 
Contractor. 00 Y-26

27 TSH-714 TEMPERATURE Switch PAC Feed Pump D-FD-2 Temperature 
Switch High

New equipment provided by 
Pump Vendor. 00 Y-26

27 XS-720 Leak Detection Leak Detection PAC Feed Pump D-FD-3 Leak Detection New equipment provided by 
Contractor. 00 Y-26

27 TSH-720 TEMPERATURE Switch PAC Feed Pump D-FD-3 Temperature 
Switch High

New equipment provided by 
Pump Vendor. 00 Y-26

27 PI-716 Pressure Pressure 
Indicator

PAC Feed Pump D-FD-1 Discharge 
Pressure Indicator

New equipment provided by 
Contractor. 00 Y-26

27 FS-715 Flow Switch PAC Feed Pump D-FD-1 Ultility Water 
Flow Switch

New equipment provided by 
Contractor. 00 Y-26

27 FIT-715 Flow Transmitter PAC Feed Pump D-FD-1 Ultility Water 
Flow Transmitter

New equipment provided by 
Contractor. 00 Y-26

27 PI-714 Pressure Pressure 
Indicator

PAC Feed Pump D-FD-2 Discharge 
Pressure Indicator

New equipment provided by 
Contractor. 00 Y-26

27 FS-717 Flow Switch PAC Feed Pump D-FD-2 Ultility Water 
Flow Switch

New equipment provided by 
Contractor. 00 Y-26

27 FIT-717 Flow Transmitter PAC Feed Pump D-FD-2 Ultility Water 
Flow Transmitter

New equipment provided by 
Contractor. 00 Y-26

27 PI-720 Pressure Pressure 
Indicator

PAC Feed Pump D-FD-3 Discharge 
Pressure Indicator

New equipment provided by 
Contractor. 00 Y-26

27 FS-719 Flow Switch PAC Feed Pump D-FD-3 Ultility Water 
Flow Switch

New equipment provided by 
Contractor. 00 Y-26

27 FIT-719 Flow Transmitter PAC Feed Pump D-FD-3 Ultility Water 
Flow Transmitter

New equipment provided by 
Contractor. 00 Y-26

27 XS-718 Leak Detection Leak Detection PAC Feed Pump D-FD-4 Leak Detection New equipment provided by 
Contractor. 00 Y-27

27 TSH-718 TEMPERATURE Switch PAC Feed Pump D-FD-4 Temperature 
Switch High

New equipment provided by 
Pump Vendor. 00 Y-27

27 XS-724 Leak Detection Leak Detection PAC Feed Pump D-FD-5 Leak Detection New equipment provided by 
Contractor. 00 Y-27

27 TSH-724 TEMPERATURE Switch PAC Feed Pump D-FD-5 Temperature 
Switch High

New equipment provided by 
Pump Vendor. 00 Y-27

27 XS-722 Leak Detection Leak Detection PAC Feed Pump D-FD-6 Leak Detection New equipment provided by 
Contractor. 00 Y-27
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27 TSH-722 TEMPERATURE Switch PAC Feed Pump D-FD-6 Temperature 
Switch High

New equipment provided by 
Pump Vendor. 00 Y-27

27 PI-721 Pressure Pressure 
Indicator

PAC Feed Pump D-FD-4 Discharge 
Pressure Indicator

New equipment provided by 
Contractor. 00 Y-27

27 FS-721 Flow Switch PAC Feed Pump D-FD-4 Ultility Water 
Flow Switch

New equipment provided by 
Contractor. 00 Y-27

27 FIT-721 Flow Transmitter PAC Feed Pump D-FD-4 Ultility Water 
Flow Transmitter

New equipment provided by 
Contractor. 00 Y-27

27 PI-723 Pressure Pressure 
Indicator

PAC Feed Pump D-FD-5 Discharge 
Pressure Indicator

New equipment provided by 
Contractor. 00 Y-27

27 FS-723 Flow Switch PAC Feed Pump D-FD-5 Ultility Water 
Flow Switch

New equipment provided by 
Contractor. 00 Y-27

27 FIT-723 Flow Transmitter PAC Feed Pump D-FD-5 Ultility Water 
Flow Transmitter

New equipment provided by 
Contractor. 00 Y-27

27 PI-725 Pressure Pressure 
Indicator

PAC Feed Pump D-FD-6 Discharge 
Pressure Indicator

New equipment provided by 
Contractor. 00 Y-27

27 FS-725 Flow Switch PAC Feed Pump D-FD-6 Ultility Water 
Flow Switch

New equipment provided by 
Contractor. 00 Y-27

27 FIT-725 Flow Transmitter PAC Feed Pump D-FD-6 Ultility Water 
Flow Transmitter

New equipment provided by 
Contractor. 00 Y-27

27 PI-715 Pressure Pressure 
Indicator PAC Duplex Skid Pump System Discharge New equipment provided by 

Contractor. 00 Y-28

27 PSH-715 Pressure Switch PAC Duplex Skid Pump System Discharge 
Pressure Switch

New equipment provided by 
Contractor. 00 Y-28

27 PIT-714 Pressure Pressure 
Transmitter Utility Water Pressure Supply New equipment provided by 

Contractor. 00 Y-28

28 PI-1202A Pressure Pressure 
Indicator Flash Mix C-P-1 Discharge Pressure New equipment provided by 

Contractor. 00 Y-29

28 PIT-1207 Pressure Transmitter Flash Mix Discharge Pressure New equipment provided by 
Contractor. 00 Y-29

28 SV-1202 Control Valve Solenoid Valve Flash Mix C-P-1 Seal Water Control Valve New equipment provided by 
Contractor. 00 Y-29

28 PI-1202B Pressure Pressure 
Indicator

Flash Mix C-P-1 Discharge Pressure 
Indicator

New equipment provided by 
Contractor. 00 Y-29

28 FI-1202 Flow Indicator Flash Mix C-P-1 Seal Water Flow Indicator New equipment provided by 
Contractor. 00 Y-29

28 PI-1203A Pressure Pressure 
Indicator Flash Mix C-P-2 Discharge Pressure New equipment provided by 

Contractor. 00 Y-29
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28 PI-1203B Pressure Pressure 
Indicator

Flash Mix C-P-2 Discharge Pressure 
Indicator

New equipment provided by 
Contractor. 00 Y-29

28 FI-1203 Flow Indicator Flash Mix C-P-2 Seal Water Flow Indicator New equipment provided by 
Contractor. 00 Y-29

28 SV-1203 Control Valve Solenoid Valve Flash Mix C-P-2 Seal Water Control Valve New equipment provided by 
Contractor. 00 Y-29

28 PI-1204A Pressure Pressure 
Indicator

Flash Mix C-P-3 Discharge Pressure 
Indicator

New equipment provided by 
Contractor. 00 Y-29

28 PI-1204B Pressure Pressure 
Indicator

Flash Mix C-P-3 Seal Water Pressure 
Indicator

New equipment provided by 
Contractor. 00 Y-29

28 FI-1204 Flow Indicator Flash Mix C-P-3 Seal Water Flow Indicator New equipment provided by 
Contractor. 00 Y-29

28 SV-1204 Control Valve Solenoid Valve Flash Mix C-P-3 Seal Water Control Valve New equipment provided by 
Contractor. 00 Y-29

28 PIT-1208 Pressure Pressure 
Transmitter Flash Mix Discharge Pressure New equipment provided by 

Contractor. 00 Y-29

40 LIT-532 Level Transmitter Filter Aid Polymer Day Tank L-DT-1 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-30

40 LSH-532 Level Switch Filter Aid Polymer Day Tank L-DT-1 Level 
Switch High

Remove and Replace by 
Contractor. 00 Y-30

40 LIT-536 Level Transmitter Filter Aid Polymer Day Tank L-DT-2 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-30

40 LSH-536 Level Switch Filter Aid Polymer Day Tank L-DT-2 Level 
Switch High

Remove and Replace by 
Contractor. 00 Y-30

25 LIT-382 Level Transmitter Filter Aid Polymer Day Tank C-DT-7 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-31

25 LSH-382 Level Switch Filter Aid Polymer Day Tank C-DT-7 Level 
Switch High

Remove and Replace by 
Contractor. 00 Y-31

25 LIT-388 Level Transmitter Filter Aid Polymer Day Tank C-DT-8 Level 
Transmitter

Remove and Replace by 
Contractor. 00 Y-31

25 LSH-388 Level Switch Filter Aid Polymer Day Tank C-DT-8 Level 
Switch High

Remove and Replace by 
Contractor. 00 Y-31
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SECTION 13311 

INSTRUMENTATION AND CONTROLS - PLC HARDWARE AND SOFTWARE 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. This Section includes Programmable Logic Controllers (PLCs) for control of 
process equipment, process oriented machinery, and process systems. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

1.03 RELATED WORK 

A. Refer to Section 13300. 

B. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this 
Section. 

C. Section 13315 - Human-Machine Interfaces 

D. Section 13330 - Control Panels and Panel Equipment 

E. Section 13335 - Control Panel Uninterruptible Power Supply (UPS) (Single 
Phase) 

1.04 SUBMITTALS 

A. Refer to Section 13300. 

B. Descriptive literature, bulletins, catalog cuts and Drawings for the equipment 
specified herein.  

C. Submit list of 3 firms that are located within 100 miles of the project site that 
are actively installing, programming, supporting, and maintaining the 
submitted PLC.  

D. Complete bill of materials for the equipment. 

E. Any deviation of the hardware or software systems from the preliminary 
submittal included in the Project Plan shall be described in detail.  
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F. Spare parts list. 

1.05 REFERENCE STANDARDS 

A. American Society for Testing and Materials (ASTM) D999-91: Vibration  

B. Code of Federal Regulations (CFR) Title 47, Part 18 (European Committee 
for Standardization (EN) 55011 (formerly International Special Committee on 
Radio Interference (CISPR) 11)) 

C. Canadian Standards Association (CSA) Certification Class I, Division 2, 
Group A, B, C, D Hazardous or non-hazardous locations  

D. International Electrotechnical Commission (IEC) 60068-2.1 Environmental 
testing – Part 2-1: Tests - Test A: Cold, 2.2 Environmental testing - Part 2: 
Tests. Tests B: Dry heat, 2.3, 2.6 Environmental testing - Part 2: Tests - Test 
Fc: Vibration (sinusoidal) and 2.27 Environmental testing. Part 2: Tests. Test 
Ea and guidance: Shock 

E. IEC 61000 Electromagnetic Compatibility (EMC) - Testing and measurement 
techniques 

1. Part 4-2: Electrostatic discharge immunity test 

2. Part 4-3: Radiated, radio-frequency, electromagnetic field immunity test 

3. Part 4-4: Electrical fast transient/burst immunity test 

4. Part 4-5: Surge immunity test 

5. Part 4-6: Immunity to conducted disturbances, induced by radio-frequency 
fields 

F. IEC 61131-3: Programmable controllers - Part 3: Programming languages 

G. IEC 801-3: RFI Immunity 

H. IEC 801-5: Ground Continuity 

I. IEC 801-2: Electrostatic Discharge 

J. Institute of Electrical and Electronics Engineers (IEEE) 472-1974/American 
National Standards Institute (ANSI) C37.90/90A-1974 (Surge Withstand) 
IEEE Standard for Relays and Relay Systems Associated with Electric Power 
Apparatus 

K. Military Standard (MIL STD) 461B CS02: Radio Frequency 
Interference/Electromagnetic Interference (RFI/EMI) Susceptibility 
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L. National Electrical Manufacturers Association (NEMA) Pub No ICS2-230.42: 
Showering Arc Test 

M. National Safe Transit Association (NSTA) Project 1A  

N. Underwriters Laboratory (UL) 508 and CSA Standard C22.2 No. 142 
(Isolation Voltages)  

1.06 QUALITY ASSURANCE 

A. To maintain consistency thought the plant, the PLCs provided as part of this 
project shall be Siemens. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Deliver PLC components in packaging designed to prevent damage from 
static electricity and physical damage. 

B. Store PLC equipment according to manufacturer requirements. At a 
minimum, store indoors in clean, dry space with uniform temperature to 
prevent condensation. Protect PLCs from exposure to dirt, fumes, water, 
corrosive substances, and physical damage. Also, protect the PLC from all 
forms of electrical and magnetic energy that could reasonably cause damage. 

1.08 SPARE I/O 

A. Each Input/Output (I/O) drop and I/O location shall include at least 20 percent 
(minimum of four) points of each type Analog Input, Analog Output, Discrete 
Input, and Discrete Output (AI, AO, DI, and DO) for future use, regardless of 
whether any of those point types are used in that drop or location or not. The 
spares shall be the same type of I/O modules supplied.  

B. Spare output points that require the use of an external relay shall be supplied 
with the external relay.  

C. Regardless of the spare requirement, all installed unused points on all I/O 
modules shall be wired to terminal blocks in the order that they occur on the 
I/O modules. Unwired spares shall not be accepted. 

1.09 MANUFACTURER SUPPORT 

A. Provide a written proposal for a manufacturer support agreement for products 
specified herein for a minimum of 12 months starting at final completion of the 
project. The cost of this manufacturer support agreement shall not be 
included in the Contract Price. The support agreement shall be executed in 
the name of, and for the benefit of, the Owner. At a minimum, this agreement 
shall provide the Owner with:  
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1. 8 AM to 5 PM, 5 day per week manufacturer telephone support 

2. Access to the manufacturer's technical support website 

3. Software and firmware updates.  

PART 2: PRODUCTS 

2.01 PROGRAMMABLE LOGIC CONTROLLER (PLC) 

A. Provide PLC equipment with the required memory and functional capacity to 
perform the specified sequence of operation with the scheduled input and 
output points.  

B. Processor Systems shall include processor, power supply, input/output 
modules, communication modules, redundancy modules, and remote 
interface modules as required to meet system requirements.  

C. Furnish products listed and classified by Underwriters Laboratories (UL), 
CSA, or Factory Mutual (FM) approval as suitable for purpose specified and 
indicated. 

D. All equipment and devices furnished hereunder shall be designed for 
continuous industrial service. The system shall contain products of a single 
manufacturer, insofar as possible, and shall consist of equipment models that 
are currently in production. 

E. All equipment furnished shall be designed and constructed so that in the 
event of power interruption the systems shall go through an orderly shutdown 
with no loss of memory, and resume normal operation without manually 
resetting when power is restored. 

F. The PLCs shall communicate between the operator workstation and field-
mounted transducers, switches, controllers, and process actuators. 
Communications protocol shall be completely transparent to process 
operators at the Human Machine Interface (HMI).  

G. The PLC shall be capable of stand-alone operation in the event of failure of 
the communication link to the HMI subsystem. 

H. Backup Processor Systems, if indicated on the drawings, shall consist of two 
chassis with power supplies, each containing a processor, redundancy 
module and communications module(s). Remote chassis shall be provided 
with communication modules to meet I/O and communication requirements. 
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I. Remote Input/Output Units shall include input/output modules, interface 
modules, communication modules, and power supply to meet system input 
and output requirements. 

J. Agency and environmental specifications: 

1. Electrical supply voltage to the PLC shall be 120 volts alternating current 
(VAC), plus or minus "15 percent, 48-63 Hertz (Hz). PLC system power 
supplies shall be fused for overload protection. 

2. Vibration:  3.5 millimeters (mm) Peak-to-Peak, 5-9 Hz: 1.0 G, 9-150\Hz. 
The method of testing is to be based upon IEC 68-2-6 and Japanese 
Industrial Standards (JIS) C 0911 standards for vibration. The system is to 
be operational during and after testing. Vibration Rating of 2.0 G maximum 
peak acceleration for 10 to 500 Hz. in accordance with at least one of the 
following: 

a. Installed rating: DIN rail mounted PLC: 10-57 Hz, amplitude 0.075 mm, 
acceleration 25-100 Hz, and  

b. Panel or plate mounted PLC: 2-25 Hz, amplitude 1.6mm, acceleration 
25-200 Hz. 

c. In compliance with IEC 60068 and IEC 61131. 

3. Shock:  15G, 11 msec. The method of testing is to be based upon IEC 68-
2-27 and JIS C 0912 standards for shock. The system is to be operational 
during and after testing. 

4. Temperature:  All PLC hardware shall operate at an ambient temperature 
of 0 to +60 degrees Celsius (°C) (+32 to +140 degrees Fahrenheit (°F)), 
with a storage ambient temperature rating of -25 to +70 °C (-40 to +185 
°F).  

5. Relative Humidity:  The Programmable Controller hardware shall function 
continuously in the relative humidity range of 5 percent to 95 percent non-
condensing.  

6. Noise Immunity:  The Programmable Controller system shall be designed 
and tested to operate in the high electrical noise environment of an 
industrial plant as governed by the following regulations: IEEE 472, IEC 
801, Military Standard (MILSTD) 461B, IEC 255-4, NEMA Industrial 
Control and Systems (ICS) 2-230.40, and ANSI/IEEE C-37.90A-1978. 

7. Altitude:  

a. Operation: 0-6,500 feet  
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b. Storage: 0-9,800 feet 

8. Degree of protection:  NEMA 1 (IP20)  

9. All products shall have corrosion protection.  

K. All major assemblies and sub-assemblies, circuit boards, and devices shall be 
identified using permanent labels or markings indicating:  

1. Modules product type such as analog or digital  

2. Modules catalog number  

3. Modules major revision number  

4. Modules minor revision number  

5. Module manufacturer vendor  

6. Module serial number  

L. All necessary cables shall be included. All cables and connectors shall be as 
specified by the manufacturer. Cables shall be assembled and installed per 
the manufacturer recommendations. 

M. Provide all PLCs from a single manufacturer. If the PLC manufacturer has 
authorized third party vendors to provide modules that are compatible with 
their platforms, then products manufactured by these authorized third party 
vendors will be acceptable. 

N. Central Processing Unit (CPU) 

1. The CPU shall be, at a minimum, a 16-bit microprocessor that provides 
system timing and is responsible for scheduling I/O updates, with no user 
programming required to ensure discrete or analog update. It shall 
execute user relay ladder logic programs, communicate with intelligent I/O 
modules, and perform on-line diagnostics. The CPU shall consist of a 
single module which solves application logic, stores the application 
program, stores numerical values related to the application processes and 
logic, and interfaces to the I/O. 

2. The CPU shall sample all the discrete and analog inputs and outputs 
including internal coils and registers, and service special function modules 
every scan. The CPU shall process the I/O with user program(s) stored in 
memory, then control the outputs based on the results of the logic 
operation.  
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3. Supply the CPU with a battery-backed time of day clock and calendar. 

4. The CPU family shall allow for user program transportability from one CPU 
model to another. 

O. Diagnostics 

1. The CPU shall perform on-line diagnostics that monitor the internal 
operation of the PLC. If a failure is detected, the CPU shall initiate system 
shutdown and fail-over. The following, at a minimum, shall be monitored:  
Memory failure, memory battery low, and general fault, communications 
port failure, scan time over run, I/O failure, and analog or special function 
I/O module failure. 

2. All diagnostic information shall be accessible to the host communications 
interfaces and to the PLC program. 

3. The PLC shall have indicators and on board status area to indicate the 
following conditions: 

a. CPU run 

b. CPU error or fault 

c. I/O failure or configuration fault. 

d. Status of Battery or back-up power module  

e. Communications indicator 

P. Memory 

1. The user program and data shall be contained in non-volatile battery 
backed memory of type Complimentary Metal-Oxide Semiconductor 
(CMOS) Random Access Memory (RAM) program memory or equivalent.  

2. Memory Backup System: provide lithium battery backup or equivalent 
capable of retaining all memory for a minimum of three months and a 
Flash memory system capable of reloading program in the event of 
memory loss.  

a. Backup Storage: The backup battery or module shall be capable of 
being replaced without disrupting memory integrity. Provide a visual 
indication of low battery voltage or module error and an alarm bit in the 
PLC program. 
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b. Flash or Secure Digital (SD) Memory Card:  Memory card storage 
capacity shall be equal to or greater than processor memory capacity. 
Memory cards shall be installed in processors for factory testing.  

3. The operating system shall be contained in non-volatile firmware. The 
memory containing the operating system shall be field updateable via a 
separate update tool. 

Q. Programming Environment 

1. Programming port:  The PLC shall utilize a Universal Serial Bus (USB) or 
Ethernet port for programming.  

2. On-Line programming: Application programs may be modified or stored 
while the CPU is running, with minimal impact on the scan time. 

3. Online programming including runtime editing 

4. IEC 61131-3 programming languages supported:  Ladder logic, function 
block, sequential function chart, and structure text.  

5. Supply all hardware and software necessary to program the CPU in these 
languages. 

R. Remote I/O Communications 

1. The CPU shall be capable of communicating with up to 12 remote base 
locations at a combined distance of 2500 feet. The CPU shall 
automatically sample and update all local and remote I/O modules each 
scan cycle of the CPU.  

2. The communication link between the CPU and any Remote Input-Output 
(RIO) chassis shall be as recommended by the PLC manufacturer. For 
racks located on a link of less than 2500 cable feet, the speed of the 
communications link shall be greater than 230K baud with RIO scan rate 
of less than 5 milliseconds per RIO. 

3. Diagnostic and equipment status information shall be available from each 
RIO. 

4. It shall be possible to communicate with remote I/O racks or other PLCs 
via fiber optic cable.  

5. The remote I/O system shall have available a remote input/output 
arrangement capable of operation at locations physically separated from 
the PLC CPU by up to 5,000 feet as detailed on the Drawings. 
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6. Communication with the remote I/O arrangement shall be through cable 
as recommended by the PLC manufacturer and provided by the PLC 
system supplier under this Section.  

S. Power Supplies 

1. The PLC shall have chassis mounted power supplies to power the chassis 
backplane, and provide power for the processor and applicable modules.  

2. Power supplies shall have a clearly visible Light Emitting Diode (LED) to 
indicate that the incoming power is acceptable and the output voltage is 
present.  

3. Power supplies shall feature over-current and over-voltage protection and 
should be designed to operate in most industrial environments without the 
need for isolation transformers.  

4. Power supplies shall be sized to accommodate the anticipated load plus 
30%.  

5. Direct Current (DC) power supplies shall be capable of handling ripple up 
to 2.4 volts peak to peak.  

6. Alternating Current (AC) Line Voltage rating of 85 to 265 volts alternating 
current (VAC), 47-63 Hz 

7. The power supplies shall allow for brown outs of at least 1/2 of a cycle, a 
harmonic rate of 10%, and will sustain continuous operation through 
momentary interruptions of AC line voltage of 10 milliseconds (ms) or less.  

8. Automatically shut down the Programmable Controller system whenever 
its output power is detected as exceeding 125% of its rated power 

9. Provide surge protection, isolation, and outage carry-over up to 2 cycles of 
the AC line 

T. Backplane 

1. All system and signal power to the CPU and support modules shall be 
distributed on the backplane. No interconnecting wiring between these 
modules via plug-terminated jumpers shall be acceptable. 

2. All system modules, main and expansion chassis shall be designed to 
provide for free air flow convection cooling. No internal fans or other 
means of cooling, except heat sinks, shall be permitted. 

3. All system modules including the processor shall be removable from the 
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chassis or inserted in to the chassis while power is being supplied to the 
chassis without faulting the processor or damaging the modules. 

4. Modules shall be designed to plug into a chassis and to be keyed to allow 
installation in only one direction. The design must prohibit upside down 
insertion of the modules as well as safeguard against the insertion of a 
module into the wrong slot or chassis via an electronic method for 
identifying a module. Electronic keying shall perform an electronic check 
to insure that the physical module is consistent with what was configured. 

U. Discrete Input and Output Modules 

1. General 

a. Digital input and output modules shall provide ON/OFF detection and 
actuation.  

b. The I/O count and type shall be as required to implement the functions 
specified plus an allowance for active spares, as noted below. 

c. Modules shall be designed to be installed or removed while chassis 
power is applied.  

d. Modules shall have indicators to display the status of communication, 
module health and input / output devices.  

e. Each module shall have the following status indicators.  

1) The On/Off state of the field device.  

2) The module's communication status.  

2. Module Specifications (120 VAC Input Module)  

a. Nominal Input Voltage of 120 VAC  

b. On-State Current of 15 milliamps (mA) @132 VAC, 47-63 Hz 
maximum  

c. Maximum Off-State Voltage of 20 volts  

d. Maximum Off-State Current of 2.5 mA  

e. Number of Points per Card: 16 

3. Module Specification (120 VAC Solid State Output Module)  
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a. Each triac type discrete output shall have an associated interposing 
relay located in the same control panel. 120 VAC power for relay 
outputs shall be provided from the associated motor starter control 
circuit (when used with motor starters) or other 120 VAC source (when 
I/O is not associated with a particular motor starter). 

b. Output Voltage Range of 74-265 VAC, 47-63 Hz  

c. Output Current Rating:  

1) Per Point - 0.5 Amps maximum @ 30 °C; 0.25 Amps maximum @ 
60 °C; Linear Derating  

2) Per Module - 4 Amps maximum @ 30 °C; 2 Amps maximum @ 60 
°C; Linear Derating  

d. Surge Current Per Point of 5 Amps for 43 ms each, repeatable every 2 
seconds @ 60 °C  

e. Minimum Load Current of 10 mA per point  

f. Maximum On-State Voltage Drop of 1.5 volts peak @2.0 Amps and 6 
volts peak @load less than 50 mA  

g. Maximum Off-State Leakage of 2.5 mA per point  

h. Number of Points per Card: 16 

4. Module Specifications (Individually Isolated, Relay Contact Output 
Module)  

a. Output Voltage Range of 10-265 VAC, 47-63 Hz , 5-125 volts direct 
current (VDC) 

b. Output Current Rating:  

1) Per Point – 2.5 Amps maximum  

2) Per Module - 16 Amps maximum  

c. Power Rating (Steady State) of 250 volt-amps (VA) maximum for 125 
VAC inductive output  

d. Maximum Off-State Leakage of 0 mA per point  

e. Configurable States  

1) Fault Per Point - Hold Last State, ON or OFF  
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2) Program Mode Per Point - Hold Last State, ON or OFF  

f. Number of Points per Card: 16 

V. Analog Input and Output Modules 

1. General 

a. Analog input modules shall convert an analog signal that is connected 
to the module's screw terminals into a digital value. The digital value 
representing the magnitude of the analog signal shall be transmitted on 
the backplane. Analog output modules shall convert a digital value that 
is delivered to the module via the backplane into an analog signal on 
the module's screw terminals.  

b. Modules shall be designed to be installed or removed while chassis 
power is applied.  

c. Modules shall have indicators to display the status of communication, 
module health and input / output devices.  

d. Each analog module shall provide both hardware and software 
indication when a module fault has occurred. Each module shall have 
a Light Emitting Diode (LED) fault indicator and the programming 
software shall display the fault information.  

e. Analog modules shall be software configurable through the I/O 
configuration portion of the programming software.  

f. The following status shall be capable of being examined in ladder logic  

1) Module Fault Word – Provides fault summary reporting.  

2) Channel Fault Word – Provides under-range, over-range and 
communications fault reporting.  

3) Channel Status Words – Provides individual channel under-range 
and over-range fault reporting for process alarm, rate alarms and 
calibration faults.  

g. The 24 VDC power for analog instrument loops shall be provided as a 
part of the system. The 24 VDC power supply shall be derived from the 
120 VAC input power circuit to the PLC. The field side of the 24 VDC 
power sources(s) shall have individual or grouped (of logically 
associated circuits) fusing and be provided with a readily visible, 
labeled blown fuse indicator. 
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2. Differential Analog Input Module 

a. Input Range of  0-20 mA  

b. Resolution of approximately 16 bits across range  

c. Input Impedance of Greater than 249 Ohms  

d. Overvoltage Protection:  8 volts ac/dc with on-board current resistor  

e. Normal Mode Rejection of 60 decibels (dB) at 60Hz  

f. Common Mode Noise Rejection of 120 dB at 60 Hz, 100 dB at 50 Hz  

g. Isolation Voltage  

1) Channel to Ground/Chassis - 100% tested at 1000 VDC minimum 
for 1 second based on 250 VAC.  

h. Provide individual isolators, in addition to the surge suppression 
devices specified, in the control panels listed in Section 13330 for all 
signals that enter the panel from outside the building. Substitution of 
Isolated Analog cards to meet this requirement is acceptable.  

i. Number of Points per Card: 8 

3. Isolated Analog Output Current Module 

a. Output Current Range of 4 to 20 mA  

b. Current Resolution of 12 bits across 20 mA  

c. Open Circuit Detection - None  

d. Output Overvoltage Protection – 24 volts ac/dc maximum  

e. Output Short Circuit Protection - 20 mA or less (electronically limited)  

f. Calibration Accuracy - Better than 0.1% of range from 4 mA to 20 mA  

g. Calibration Interval - 12 months typical  

h. Number of Points per Card: 8 

W. Communications Interfaces 

1. The PLC shall support the necessary communication ports to connect to 
the control network. 
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2. The PLC will be capable of the following communication protocols as 
shown on the drawings: 

a. 10BASE-T/100BASE-TX Ethernet communication.  

b. Profibus Decentralised Peripherals (DP) for up to 126 slaves 

X. When required provide a Communications Interface Module mounted in the 
chassis or the equivalent port directly on the CPU.  

Y. Manufacturers 

1. Siemens S7-1500 Series 

2. Match existing. No equal. 

2.02 PLC SOFTWARE 

A. Provide a PLC configuration and application development software package 
complete with documentation and disks. The PLC software package and 
associated licensing and/or activation shall be installed on the computers 
shown on the Drawings.  

B. The software package shall allow on-line/off-line program development, 
annotation, monitoring, debugging, uploading, and downloading of programs 
to the PLCs. 

C. All required hardware (including cables, cable adapters, etc.) for connection 
to PLCs shall be furnished. 

D. All software licenses required to achieve the functionality described in the 
Specifications shall be provided. 

E. The software package shall include a software license agreement allowing 
the Owner the right to use the software as required for any current or future 
modification, documentation, or development of the PLCs furnished for this 
project. 

F. The software provided shall be capable of the following IEC 61131-3 
functions: 

1. Ladder logic. 

2. Function block. 

3. Sequential function chart. 

4. Structure text. 
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G. In addition to the above editors, an add-on instruction editor shall work with 
any of the above-mentioned editors to create custom reusable function 
blocks. This software shall allow any of the derived function blocks to be 
modified on-line. 

H. The software shall be Microsoft Windows-based and run on the supplied 
computers. 

I. The software shall include a security feature to prevent unauthorized 
personnel from modifying and downloading the programs. 

J. Provide an I/O simulator which allows the PLC application load program to be 
tested on a PC with simulated analog and digital inputs and outputs, allowing 
I/O testing and debugging to be performed in a safe, isolated environment 
without the need for running the PLC CPU and process I/O boards. 

K. Manufacturers 

1. Siemens STEP 7 Professional Edition 

2. No Equal. 

2.03 SPARE PARTS   

A. General requirements for spare parts are specified in section 13300. 

B. The following PLC spare parts shall be furnished 

1. Processors:  Provide one (1) spare processor for each unique processor 
installed. 

2. Memory Cards: Provide two (2) spares of each type of card installed.  

3. I/O Cards:  Provide spares for each unique I/O module type installed. 
Provide two or 10 percent of installed quantity, whichever is greater.  

4. Network interface, remote I/O, and communication modules: Provide one 
spare communication module for each unique communication module 
installed. 

5. Specialty Modules: Provide one (1) spare of each type of module used. 
Provide an additional spare for every ten modules of a specific type 
installed. 

6. PLC Power supplies:  Provide one (1) spare power supply for each unique 
power supply installed. Provide an additional spare for every ten power 
supplies installed. 
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7. Chassis: Provide spare chassis for each unique chassis installed. 

8. Miscellaneous PLC hardware:  Provide minimum of two (2) spares for 
each unique component installed. 

9. Miscellaneous cables: Provide minimum of two (2) spares for each unique 
component installed. 

PART 3: EXECUTION 

3.01 GENERAL INSTALLATION 

A. Maintain area free of dirt and dust during and after installation of 
programmable controller products. 

B. Anchor PLCs within enclosures as recommended by the PLC manufacturer. 

C. Ventilation slots shall not be blocked, or obstructed by any means. 

D. Examine areas, surfaces, and substrates to receive PLCs for compliance with 
requirements, installation tolerances, and other conditions affecting 
performance. Proceed with installation only after unsatisfactory conditions 
have been corrected. 

E. Install in accordance with manufacturer's instructions. 

F. Unload, unpack and transport equipment to prevent damage or loss. 

G. Replace damaged components as directed by Engineer. 

3.02 PANEL LAYOUT 

A. Coordinate size and configuration of enclosure to meet project requirements. 
Drawings indicate maximum dimensions for PLCs, minimum clearances 
between PLCs, and adjacent surfaces and other items.  

B. Comply with indicated maximum dimensions and clearances, or with PLC 
vendors required distances if they are greater than the distances indicated. 

1. Provide spacing around PLC as required by the PLC manufacturer to 
ensure adequate cooling. Insure that the air surrounding the PLC has 
been conditioned to maintain the required temperature and humidity 
range. 

2. Wires entering and exiting PLC components shall be sized to comply with 
the PLC manufacturers requirements. Doors on all components shall be 
able to be fully closed when all the wires are installed. 
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3. For chassis mounted PLCs, no wiring, wire ducts, or other devices shall 
obstruct the removal of cards from the rack. 

4. PLC lights, keys, communication ports, and memory card slots shall be 
accessible at all times. Lights shall be visible at all times when enclosure 
door is opened. 

C. Control panel designer shall provide independent line fuses or circuit 
breakers, per the PLC manufacturer recommendation, for each power supply, 
input module, output module, and other modules with separately derived 
power requirements. 

D. Control panel designer shall insure that communication signals, 4-20 mA 
signals (including those with embedded Highway Addressable Remote 
Transducer (HART)), are properly conditioned for the PLC and protected from 
all sources of radiated energy or harmonics. 

E. Each PLC (including all I/O) shall be powered from the UPS power 
conditioning system in Section 13335. 

F. Where multiple sets of mechanical equipment are provided for process 
redundancy, arrange their field connections to I/O modules so that the failure 
of a single I/O module will not disable the redundant system. This applies to 
all I/O types. The acceptability of the I/O arrangement shall be at the 
discretion of the engineer. 

G. Provide all required cables, cords, and connective devices for interface with 
other control system components. 

 
END OF SECTION 
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SECTION 13315 
 

PROCESS INSTRUMENTATION AND CONTROLS - PRODUCTS 
 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 
 

A. This section covers the furnishing, installation, and services for the field 
mounted instruments and analyzers, major systems, panels, and 
subassemblies as detailed on the drawings. 

 
B. Refer to Section 13300. 

 
1.02 MEASUREMENT AND PAYMENT 
  

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item No. 4 in Section 
00410, Paragraph B. 

 
1.03 RELATED WORK 

 
A. Refer to Section 13300. 

 
1.04 SUBMITTALS 

 
A. Refer to Section 13300. 

 
1.05 REFERENCE STANDARDS 

 
A. Refer to Section 13300. 

 
1.06 QUALITY ASSURANCE  

 
A. The Engineer shall determine whether a product is an “Approved Equal” 

based on the information listed herein and the manufacturer’s data sheets 
regarding the models specified. Alternate equipment must meet the criteria 
listed herein and any additional information in the manufacturer’s data sheets 
in order to be accepted as an “Approved Equal”. Supplier must furnish five 
working installation references for any alternate equipment along with Owner, 
contact, and telephone number. 
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1.07 MAINTENANCE AND TEST EQUIPMENT 

 
A. In addition to the tools and test equipment specified in Section 13300, 

provide the following complete with carrying cases, patch cords, etc.: 
 

1. One hand held smart transmitter calibrator provided by the transmitter 
manufacturer to calibrate all smart field transmitters provided. 

 
2. The spares listed above shall be packed in a manner suitable for long 

term storage and shall be adequately protected against corrosion, 
humidity, and temperature. 

 
3. Provide other spare parts as indicated on the individual device 

specifications. 
 
 
PART 2: PRODUCTS 
 
2.01 FLOW METERING INSTRUMENTS 

 
A. Magnetic Flow Meters 

 
1. Type:  
 

a. Pulsed DC electromagnetic sensor based on Faraday’s law of 
induction.  The flowing medium corresponds to the moving conductor.  
The induced voltage is proportional to the flow velocity and is detected 
by two measuring electrodes.  

 
2. Monitor/Transmitter 

 
a. Performance 
 

(1) Power:  120 VAC 50/60 Hz 
 

(2) Output: One - isolated 4-20 mA analog signals, programmable over 
the entire flow range. System to have HART Communication. 

 
(3) Alarms: Two Discrete  programmable outputs 

 
(4) All circuits for inputs, outputs, and power supply shall be 

galvanically isolated from each other. 
 

(5) Full Scale Range: 1 – 40 ft/sec - configurable in user definable flow 
units  
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(6) Accuracy:  0.5 % of reading or better 

 
(7) Repeatability: + 0.1 of reading 

 
(8) Operating Temperature Range: -32o F to 122o F (0o C to 50o C) 

  
(9) Calibration: All flow meters shall be wet calibrated by direct volume 

comparison before leaving the factory.  A copy of the calibration 
report shall be provided in the O&M manual. Each flow tube shall 
be factory calibrated in an ISO 9001 and NIST certified facility and 
assigned a calibration constant or factor to be entered into the 
associated transmitter as part of the meter configuration 
parameters.  

 
(10) Display functions: 7-digit segment numeral and sign display for 

custom configurations to present different measured values and 
status variables for the following parameters: actual flow, forward, 
reverse, and a minimum of one totalizer. The transmitter shall 
display zero flow in the event of no flow through the process pipe. 
Meter shall also indicate “Empty Pipe”. 

 
(11) Modular design for remote mounting. The monitor/transmitter shall 

be connected to one flow element.  Connecting more than one flow 
element to a single transmitter shall not be allowed. 

 
b. Physical 

 
(1) Wall or stand mounted enclosure. The enclosure shall be NEMA 

4X (IP 65), die-cast aluminum with electrostatic powder or 
polyurethane coating.  All mounting hardware shall 316-stainless 
steel.  

 
(2) Signal Cable: Provided by the manufacturer with sufficient length to 

reach the sensor without the risk of any electromagnetic 
interference. 

 
(3) Transmitter shall be provided with sunshield as specified in Section 

13325 if mounted outside. 
 

3. Sensor 
 

a. Performance 
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(1) Conductivity Limits:  5µS/cm for all fluids, 20µS/cm for drinking 
water 

 
(2) Meter Size: As shown on the contract documents or as listed in the 

instrument schedule 
 

(3) Meter shall be capable of running empty indefinitely without 
damage to any of the sensor components. Meter output shall be 
driven to zero (4 mA) when the process pipe is empty. 

 
(4) Process Temperature Range: 0o F to 140o F (-18o C to 60o C) 

 
(5) Ambient Temperature Range: -13o F to 140o F (-25o C to 60o C) 

 
(6) Pressure Ratings (at 60o C): 150 psi if 150-lb flange is used; 450 

psi if 300-lb is used. 
 

(7) Electrode Design: Solidly fitted, flush mounted electrodes. 
 

(8) Grounding: Meter shall be grounded per manufacturer’s 
recommendation.  Grounding rings, ground wires, gaskets, etc., 
shall be provided as required. All grounding materials shall be 
compatible with the fluid being measured. 

 
b. Physical 

 
(1) Metering Tube Material: 304 or 316-stainless steel with carbon 

steel flanges or and polyurethane coating. Wafer style 
configurations are acceptable for chemical feed lines sizes 1” and 
below. 

 
(2) Measuring Tube Liner Material: Teflon or Tefzel for all chemical - 

lines with pipe diameters to 12”, Hard Rubber or Polyurethane for 
all sludge applications and water lines with pipe diameter greater 
than  2”.   

 
(3) Electrodes Material: 316-stainless steel or Nickel Alloy for all water 

and sludge applications. For all chemical lines the contractor shall 
consult with the meter manufacturer to insure that the material of 
construction of the electrodes used is compatible with the fluid 
where the meter is installed. 

 
(4) Meters in below grade vaults, basements, etc. shall be NEMA-6 (IP 

68) rated. Meters above grade shall be NEMA-4X rated.  Meters 
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located in hazardous locations shall be - Class 1, Div.2 rated. For 
IP 68 applications, cable shall be factory installed ti insure sealing. 

 
4. Accessories/Options 

 
a. Provide a cleaning system as a standard option from the flow meter 

manufacturer. All necessary hardware, cables and connectors shall be 
provided.  

 
5. Manufacturer: 

 
a. ABB 
 
b. Krohne 

 
c. Endress + Hauser 

 
d. Siemens 

 
e. Rosemount 
 

F. Thermal Flow Switch 
 

1. Type: 
 
a. The single point flow switch shall use the thermal differential principle 

to detect liquid (or gas) flow by sensing changes in the thermal heat 
transfer characteristics of the media where it is located. 

 
b. The sensor shall consist of a pair of matched Resistance Temperature 

Detectors (RTD’s). One of the RTD’s is self-heated using a constant 
DC current.  The other RTD is unheated and provides an accurate 
ambient process temperature reference. The thermal differential 
created between the heated and reference RTD’s is a function of the 
media with which the sensor is in contact. 

 
2. Function/Performance: 

 
a. Power Requirement:  120 VAC 50/60 Hz 
 
b. Output: Hermetically sealed, field configurable dual SPDT relays.  

Relays shall be rated minimum of 6 amps at 115 VAC. 
 

c. Sensor insertion length: Sensor length shall match application. 
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d. Flow Rate Accuracy:  + 2 % of set point for liquid, + 0.5 % of set point 
for gases 

 
e. Temperature Accuracy: + 2o F (-17o C)  
 
f. Repeatability:  + 1% of set point 
 
g. Response time:  10 second maximum 
 
h. Set point range:  0.5 to 120 SFPS 
 
i. Ambient Temperature Range: – 40 F° to 140 F° (-40 C° to 60 C°) 
 
j. Process Temperature Range: – 100 F° to 390 F° (-70 C° to 200 C°) 
 
k. Process Pressure Range: Perfect vacuum to 3000 psi 
 
l. The sensor shall provide temperature compensation over the entire 

range. 
 

3. Physical: 
 
a. Enclosure: NEMA 4X (IP 66) rated for hazardous locations (Class I 

and II, Division 1 and 2, Groups B thru G). 
 
b. Sensing Element: 316-stainless steel or titanium for all water 

applications. For other chemical applications, the contractor shall 
consult with the meter manufacturer to insure that material of 
construction of the sensing element is compatible with the fluid where 
the sensor is installed. 

 
c. Electrical Connection: 3/4” MNPT 
 

4. Accessories/Options: 
 
a. Stainless steel tag shall be provided. 

 
5. Manufacturers: 

 
a. FLT93 Series by Fluid Components International 
 
b. T21 by Static-O-Ring (SOR) 

 
c. Approved equal. 
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2.02 LEVEL INSTRUMENTS 
 

A. Ultrasonic Level Meter  
 

1. Type 
 
a. The emitter in the sensor is excited electrically to send ultrasonic 

pulses in the direction of the surface of the liquid or solid which 
partially reflects the pulses. This echo is detected by the same sensor 
and is converted back into electrical signal.  The time between sending 
and receiving the ultrasonic wave is proportional to the distance 
between the sensor and the reflection surface. 

 
2. Monitor/Transmitter: 

 
a. Function/Performance 
 

(1) Power Requirement: 120 VAC 50/60 Hz 
 

(2) Output Signal: 2 isolated 4-20 mA analog signals 
 

(3) Alarms: 5 SPDT programmable relays.  Relays shall be rated 5 
amps at 250 VAC. 

 
(4) Minimum Range: 0.3 meter to 15 meters (1 ft to 50 ft) 

 
(5) Accuracy: 0.25 % of programmable range or better 

 
(6) Temperature compensation shall be provided for the entire range 

of measurement. 
 

(7) Operating Temperature Range: – 4 F° to 140 F° 
 

(8) Repeatability: 0.25 % of full scale 
 

(9) Level transmitter shall be programmed by entering all operational 
data via a removable, non-intrusive infrared programming module. 

 
b. Physical 
 

(1) Enclosure: Panel, rail or wall mounted NEMA 4X (IP 45) 
polycarbonate enclosure. All mounting hardware shall be 316-
stainless steel.  
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(2) Single Cable: Provided by the manufacturer with sufficient length to 
reach the sensor without the risk of electromagnetic interference. 

 
(3) Transmitter shall be provided with sunshield as specified in Section 

13325 if mounted outside. 
 

3. Level Element 
 
a. Function/Performance 
 

(1) Power Requirement: Provided by the transmitter 
 

(2) Minimum Range: 0.3 meter to 15 meters (1 ft to 50 ft) 
 

(3) Frequency (23o C): 10-60 kHz 
 

(4) Maximum Beam Angle: 6° 
 

(5) Altitude: Up to 2000 meters  
 

(6) Operating Temperature Range: – 40 F° to 203 F° (-40 C° to 95 C°) 
 
b. Physical 
 

(1) Housing: Non-contact, Type 304 stainless-steel encapsulated or 
UPVC/PVDF sensor.  Approved to be used in Classes I, II, and III, 
Division 1, 2 if required. 

 
(2) Mounting:  2” pipe mounting or flange mounting.  Flange diameter 

shall be 6-in, 150-lb RF, Teflon-coated (if required) or per plans.  
See Instrumentation drawings for mounting details. 

 
(3) All level elements shall be provided with submergence shields. 

 
4. Accessories/Options 

 
a. All necessary mounting brackets 

 
5. Manufacturers 
 

a. HydroRanger 200 by Siemens Milltronics, Echomax XPS Transducer 
Series 

 
b. Prosonic FDU Series by Endress + Hauser 
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c. Siemens 
 

d. Rosemount 
 

e. Pulsar-PM 
 

f. Approved Equal. 
 

B. Admittance/Capacitance Point Level Switch 
 

1. Type 
 
a. The sensor uses the electrical characteristics of a capacitor to detect 

the level of liquid in a vessel or storage tank.  The sensor measures 
the change in capacitance that occurs when the tank level changes 
along the sensing probe. 

 
2. Function/Performance  

 
a. Power Requirement:  105 to 125 VAC, 60 Hz 
 
b. Output: One DPDT programmable relay 
 
c. Dielectric: The sensor shall measure process material with dialectic as 

low as 1.5. 
 

d. Probe length: Probe length shall match the application 
 

e. Operating Pressure Range: Perfect vacuum to 350 psi 
 

f. Operating Ambient Temperature Range: – 40 F° to 158 F° (-40 C° to 
70 C°) 

 
g. Operating Process Temperature Range: -40 F° to 250 F° (-40 C° to 

125 C°) 
 

h. The mounting apparatus, probe, grounding reference and the 
electronics housing shall be an integrated system to be supplied by the 
same manufacturer. 

 
i. Meter shall be capable of being covered with material indefinitely 

without damage to any of the sensor components. 
 

j. Meter shall be provided with build-up and condensation protection 
provided by the manufacturer. 
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3. Physical (Monitor/Transmitter) 
 
a. Flange (horizontal or vertical) mounting as indicated on the drawing.  

All mounting hardware shall be 316-stainless steel. Probe shall be 
mounted so that it can be easily removed for service and calibration 
checks. 

 
b. Electronic Housing Material: NEMA- 4X (IP 65), 316-stainless steel or 

epoxy coated aluminum. 
 

c. Probe shall be completely insulated with Teflon, Poly-vinylidene 
fluoride (PVDF) or similar material compatible with the fluid properties. 
The contractor shall consult with the sensor manufacturer to insure 
that material of construction used for the probe is compatible with the 
fluid where the sensor is installed. 

 
4. Accessories/Options 

 
a. 316-stainless steel tag 
 

5. Manufacturer(s) 
 
a. Drexelbrook by Ametek 

 
b. Multicap T series with FEC 22 electronic insert series by Endress + 

Hauser  
 

c. LS 220 series by Krohne 
 

d. Siemens 
 

e. Rosemount 
 

f. Approved Equal. 
 

C. Flange-Mounted Pressure Sensing Level Transmitter 
 

1. Type 
 

a. Utilizing the hydrostatic pressure principle exerted on a flush mounted 
or extended diaphragm seal to calculate the height of the liquid column 
over the sensor.  The liquid column is proportional to the liquid level 
and density. The deflection of the diaphragm generates a change in 
the capacitance of the sensor which is converted to a continuous 
electrical signal representing the liquid level.  
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2. Pressure Sensing Level Transmitter 

 
a. Function/Performance 
 

(1) Power Requirement: 10.5 to 42.4 VDC. External power supply and 
power conditioner shall be provided. 

 
(2) Output:  One analog, 4-20 mA 

 
(3) Output Reading: Level in engineering units (feet or meters) 

 
(4) Ambient Temperature Range: – 4 to 140 °F (-20 to 80 °C). 

 
(5) Operating Process Temperature Range: – 40 to 185 °F (-40 to 85 

°C) 
 

(6) Humidity Range: 0-100 relative humidity 
 

 
(7) Accuracy: + 0.1 of the calibrated range or better 

 
(8) Physical 

 
(9) Process Connection:  2", Class 150, 316-stainless steel flange or 

as required for the application. 
 

(10) Transmitter Housing Material: NEMA 4X, aluminum with 
polyurethane coating.  All mounting brackets and hardware shall be 
316-stainless steel.  

 
(11) Display: In addition to local integral display, Remote LCD display 

and interface shall be provided (if required by plans).  The display 
shall be mounted in an operator accessible location.  The 
transmission cable and all required accessories shall be provided 
by the manufacturer.  Minimum cable length shall be 100 ft.  

 
(12) Sensor Fill Fluid: Suitable for the process fluid being measured.  

When used for chemical metering service, the fill fluid shall be 
rated for the chemical being measured. 

 
3. Diaphragm Seal 

 
a. 2” flush mounted diaphragm through Class 150, 316-stainless steel 

flange.or as required by application. 
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b. Diaphragm Sensor Material: 316-stainless steel. Hastelloy-C (Nickel 

Alloy) on all chlorine applications. The contractor shall consult with the 
sensor manufacturer to ensure that the diaphragm material is 
compatible with process material where it is installed. 

 
c. Flushing connection: Two ½” connections shall be provided. 

 
4. Manufacturer(s) 

 
a. 2051 or 3051 Series pressure transmitter with 1199 series diaphragm 

seal by Rosemount. 
 
b. Deltapilot S DB 50 S series by Endress + Hauser. 
 
c. I/A Series pressure transmitter with PSFLT series diaphragm seal by 

Foxboro. 
 

D. Sight Level Gauge 
 

1. Type: 
 
a. Plastic Visual Level Gauge to provide continuous tank level.  

 
2. Function/Performance 

 
3. Physical: 

 
a. 2-inch Schedule 40 pipe with flag and guide assembly. 

 
b. The sight level gauge shall be constructed of flexible PE or PVC tubing 

to allow for tank contraction and expansion due to loading and 
temperature changes.  
 

c. The level gage shall be connected to the tank with appropriate fittings 
as recommended by the manufacturer.  
 

d. Each fitting shall have valves installed for isolation or drainage 
purposes 
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4. Options/Accessories Required: 
 
a. Indication Scale  

 
(1) 3-inch wide, stainless steel indicating scale to provide a 

numerical readout of the liquid level in addition to the flag 
indication.  

 
(2) Mount alongside the flag assembly for easy viewing. 

 
(3) Markings: Feet and Inches  
 

5. Manufacturer(s) 
 
a. Gems SureSite  

 
b. Approved Equal  
 

2.03 PRESSURE INSTRUMENTS 
 

A. Pressure/Differential Pressure Indicating Transmitter 
 

1. Type: 
 
a. Microprocessor based intelligent type.  The process line acts directly 

on the internally mounted ceramic diaphragm of sensor and deflects it 
by a very small amount. A pressure-proportional range in the 
capacitance is measured by the electrodes on ceramic substrate and 
diaphragm.  The transmitter electronics convert this capacitance signal 
to a 4-20 mA DC signal. 

 
2. Function/Performance 

 
a. Power Requirement: 10.5 to 42.4 VDC.  External power supply and 

power conditioner shall be provided. 
 
b. Output:  One analog 4 mA to 20 mA 

 
c. Engineering Units: Flow (MGD or gpm), differential pressure, or gauge 

pressure depending on the application 
 
d. Accuracy:  + 0.1 of the calibrated range or better 
 
e. Stability:  Combined temperature effects shall be less than 0.2 % of 

the maximum span per 50 degrees F temperature change. 
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f. Operating Pressure Range: 0 to 300 psig (or as required by plans and 
specifications). 

 
g. Operating Temperature Range: - 40 to 185 °F (-40 to 85 °C) 
 
h. Operating Humidity Ratio: 0-100 relative humidity % 

 
i. Overpressure: The transmitter shall withstand 1600 psi without 

damage. 
 
j. Burst Pressure: 10000 psi 

 
3. Physical: 

 
a. Process Connection: 316-stainless steel on all water applications. 

Material shall be compatible with process fluid where the transmitter is 
installed.  The contractor shall consult with the manufacturer for the 
proper diaphragm material on all chemical applications. 

 
b. Drain/Vent Valve:  316-stainless steel on all water applications. 

Material shall be compatible with process fluid where the transmitter is 
installed.  The contractor shall consult with the manufacturer for the 
proper diaphragm material on all chemical applications. 

 
c. Process Isolation Diaphragm:  316-stainless steel on all water 

applications.  Material shall be compatible with process fluid where the 
switch is installed.  The contractor shall consult with the manufacturer 
for the proper diaphragm material on all chemical applications. 

 
d. Transmitter Housing Material: Aluminum with polyurethane coating..  

All mounting brackets and hardware shall be 316-stainless steel.  
 

e. Display: A local integral display shall be provided. 
 

f. Sensor Fill Fluid: Suitable for the process fluid being measured.  When 
used for chemical metering service, the fill fluid shall be rated for the 
chemical being measured. 

 
g. Flushing Connection: Two ½” connections shall be provided. 
 
h. Electrical Classification:  Intrinsically safe for Class I and Class II, 

Division 1 locations. 
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4. Options/Accessories Required: 

 
a. Provide span and zero adjustment at each transmitter. 
 
b. Provide hand held programmer(s) as specified under tools and test 

equipment. 
 
c. For each transmitter provide a Model SBZ43 manifold as 

manufactured by D/A Manufacturing Co., Inc,or as supplied by the 
transmitter manufacturer and mounting brackets as required.  The 
manifold shall be Type 316-stainless steel and provide the following 
modes of operation: 

 
(1) Normal Mode 

 
(2) Zeroing Mode 

 
(3) Isolation Mode 

 
(4) Calibration Mode 

 
(5) Blow-down Mode 

 
5. Manufacturer(s) 

 
a. Rosemount 2051 or 3051 
 
b. Foxboro I/A Series 
 
c. Endress + Hauser 

 
d. Siemens 

 
e. Approved Equal. 

 
B. Pressure Gauge 

 
1. Type:  

 
a. Bourdon tube style. As the process pressure increases inside the tube, 

the tube will straighten, causing the tip to deflect.  The deflection is 
transferred to the dial indicator by mechanical linkage. 

 
2. Function/Performance 
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a. Pressure Range:  As indicated on the contract documents or as listed 

in the instrument list. 
 
b. Accuracy: 1.6 % of Full Scale 

 
c. Over Range Protection: 125 % of Full Scale 

 
d. Engineering Units: psi or as shown in the drawing or listed in the 

instrument schedule. 
 

e. Ambient Temperature Range:  - 40o F to 140o F (-40o C to 60o C) 
 

f. Operating Process Temperature Range:  -4o F to 176o F (-20o C to 80o 
C) 

 
g. Filling Liquid: Glycerin, silicone, or mineral oil.  Filling oil shall be 

compatible with process fluid where the gauge is installed.  The 
contractor shall consult the manufacturer for the proper fill material 
used in chemical applications.  All gauges shall be filled at the factory. 
  

h. Diaphragm seal shall be provided on all chemical applications. 
 

i. Pointer Travel: Not less than 200°; no more than 270°. 
 

3. Physical: 
 

a. Case Material: 316-stainless steel, all-welded construction 
 
b.  Pressure element and tip material: 316- stainless steel 

 
c. Window: Polycarbonate or laminated shatter-resistance glass window 

 
d. Dial size and materials: 4” diameter, white aluminum with black 

lettering 
 

e. Pointer Material: Black painted aluminum alloy 
 

f. Process Connection: 1/2” NPT 
 

4. Options/Accessories Required: 
 
a. Shutoff valve: Each gauge shall have a process shutoff valve, which 

can also be used as an adjustable pressure snubber. 
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5. Manufacturer(s) 
 
a. Ametek – U.S. Gauge Division 
 
b. Ashcroft 

 
c. Noshok 

 
d. Approved Equal. 
 

C. Pressure/Differential  Pressure Switch 
 

1. Type:  
 
a. Diaphragm-sealed piston actuated. Process pressure, acting on the 

piston, causes it to overcome the adjustment spring force and actuate 
a snap-action switch. 

 
2. Function/Performance 

 
a. Power requirement: 250 VAC at 15 amps, 30 VDC at 5 amps 
 
b. Alarms: minimum of one SPDT relay 

 
c. Minimum Operating Pressure Range: 0 to 500 psi 
 
d. Ambient Operating Temperature Range: -20 to 150 oF (-6 to 65o C). 

 
e. Process Operating Temperature Range:  0 to 200o F (-20 to 100o C) 

depending on materials selected). 
 
f. Repeatability: 1.00 % of full scale. 
 
g. Set Point: Field adjustable over the entire range. 

 
h. Dead band: 
 

(1) Pressure Switch: Field adjustable 
 
(2) Differential Pressure Switch: Factory set 

 
i. Instrument shall be provided with automatic reset functionality. 

 
j. Over Range Protection: protection to maximum process line pressure. 
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k. Diaphragm seal shall be provided on all chemical applications. 
 

3. Physical: 
 

a. Actuator diaphragm seal material: 316-stainless steel on all water 
applications.  Material shall be compatible with process fluid where the 
switch is installed.  The contractor shall consult with the manufacturer 
for the proper diaphragm material on all chemical applications. 

 
b. Housing Material: NEMA 4X (IP 65), 316-stainless Steel. 

 
c. Process Connection:  

 
(1) Pressure Switch: 1/2” NPT 
 
(2) Differential Pressure Switch: 1/4” NPT 

 
4. Options/Accessories Required: 

 
a. Shutoff valve: Each gauge shall have a process shutoff valve, which 

can also be used as an adjustable pressure snubber. 
 
b. 316-stainless steel tag shall be provided. 
 

5. Manufacturer(s) 
 
a. Static-O-Ring (SOR) 
 
b. Ashcroft 

 
c. United Electric 

 
d. Approved Equal 

 
D. Diaphragm Seal – Planar Type 

 
1. Type:  

 
a. A flexible diaphragm used to separate the process fluid and pressure 

instrument in order to protect the instrument wetted parts.  The space 
on the instrument side of the diaphragm shall be completely filled with 
a suitable pressure transmitting fluid.  Process pressure, acting on the 
diaphragm and the transmitting fluid, forces the pressure instrument 
(gauge or switch) to respond.  
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2. Function/Performance 
 
a. If flanged process connection is used, ANSI Class 150/300 flange shall 

be provided. The diaphragm seal shall be attached to the flange as 
specified in ASME 16.5.  The instrument supplier shall coordinate with 
the process piping contractor. 

 
b. Welded metal, bonded elastomer, or bonded thermoplastic diaphragm. 

 
c. Operating Pressure Range: 0 to 500 psi 
 
d. Operating Process Temperature Range: -40o F to 300o F (-40o C to 

200o C) 
 

3. Physical: 
 

a. Top Housing:  316-stainless steel 
 

b. Diaphragm Material: 316-stainless steel on all water applications. 
Material shall be compatible with process fluid where the switch is 
installed.  The contractor shall consult with the manufacturer for the 
proper diaphragm material on all chemical applications. 

 
c. Bottom Housing Material: 316-stainless steel on all water applications. 

Material shall be compatible with the process fluid where the 
diaphragm seal is installed.  The contractor shall consult with the 
manufacturer for the proper bottom housing material on all chemical 
applications. 

 
d. Bolts, Nuts and Plugs:  316-stainless steel 

 
e. Process Connection: 1/2” NPT 

 
f. Sensing fill fluid: Silicone 
 

4. Options/Accessories Required: 
 
a. Flushing Connection: flushing connection and plug shall be provided 

on all units.  Plug shall be of same material as bottom housing. 
 

5. Manufacturer(s) 
 
a. Ashcroft - 200 series diaphragm seals 
b. Noshok 
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c. Approved Equal. 
 

E. Diaphragm Seal – Annular (Concentric) Type 
 

1. Type:  
 

a. Wafer or spool-design flexible diaphragm used to separate the 
process fluid and pressure instrument in order to protect the 
instrument wetted parts.  The line of pressure is sensed 360o around 
the full inside circumference of the pipeline.  The captive fluid is 
displaced through the pressure sensor body to the pressure 
instrument. 

 
2. Function/Performance 

 
a. The pressure sensor shall be full flange and flow-through design with 

flexible elastomer sensing ring around the full circumference. 
 
b. The elastomer sensing ring shall be rigidly clamped between metal 

and cover flanges. 
 
c. The pressure sensor shall be designed to fit between standard ANSI 

B16.1, Class 150 or 300 pipeline flanges.  Flange bolts shall pass 
through sensor body and flanges. 
 

d. Minimum Operating Pressure: Limited only by ASME flange pressure 
limitations. 

 
e. Operating Process Temperature Range: Up to 350o F (170o C) 

(depending on material). 
 

3. Physical: 
 

a. Assembly flanges Material of Construction:  316 stainless steel on all 
water applications.  Material shall be compatible with process fluid 
where the sensor is installed.  The contractor shall consult with the 
manufacturer for the proper diaphragm material on all chemical 
applications. 

 
b. Sensor Material of Construction: Shall be compatible with the physical 

and chemical properties of the process fluid. 
 

c. Filling Liquid: Shall be compatible with the physical and chemical 
properties of the process fluid. 
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d. Process Connection: As noted in loop diagrams or piping drawings.  
Flanged for piping greater than 2”, threaded NPT or flanged for piping 
2” or smaller.  Coordinate with piping contractor. 

 
e. Pressure Instrument Connection: 1/2” to 2” depending on the pressure 

instrument specified. 
 

4. Manufacturer(s) 
 
a. Ashcroft: Type 80 isolation ring, Type 85 isolation spool, or Type 86 

isolation spool 
 
b. Red Valve: Series 40, Series 48, Series 42, or series 742 diaphragm 

isolators 
 

c. Noshok Type 40. 
 
d. Approved equal. 
 

2.04 WEIGHT INSTRUMENTS 
 

A. Weight Scale 
 
1. Type: 

 
a. Self-contained hydraulic load transducer unit designed to support the 

tank or the vessel being weighed without any extraneous stabilizers.  
Weight shall be transferred via a pivoted platform to the load cell(s) of 
the shear beam strain gauge type. 

 
2. Sensor 

 
a. Function/Performance 
 

(1) The weight sensor shall measure only the desired vertical force 
(weight) and reject side loads, axial loads, torques, and bending 
moments. 

 
(2) The load cell(s) shall be capable of measuring the maximum true 

weight continuously and indefinitely without any internal damage to 
the load cells. 

 
(3) Range: Sensor range shall depend on the fluid density and the 

volume of the container holding the fluid.  Sensor range shall be 

13315-21 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1- 2 Improvements 

CONTROLS - PRODUCTS  WBS No. S-000056-0071-4 
 

shown on the contract drawings or listed in the instrument 
schedule. 

 
(4) Accuracy: 1.00 % of full scale or better. 
 
(5) Load cell(s) shall be temperature stable, rolling diaphragm type. 

 
b. Physical 

 
(1) Platform material of Construction: Epoxy coated, fiberglass 

reinforced thermoplastic, or 316 stainless steel depending on the 
fluid being weighed. Construction material shall be compatible with 
the physical and chemical properties of the process fluid being 
measured.   

 
(2) Chemical coating system shall be provided.  The platform scale 

coating system shall be resistant to moisture, chemicals, abrasions, 
impact, and UV light. 

 
(3) The scale platform shall accommodate the overall tank or vessel 

stand footprint as shown on the mechanical drawings and as 
suggested by the manufacturer. 

 
3. Transmitter/Indicator 
 

a. Function/Performance 
 

(1) The transmitter/indicator shall convert the hydraulic power load cell 
signal to a digitally displayed weight value. 

 
(2) Power requirement: 120 VAC 
 
(3) Output: One isolated 4-20 mA analog signal, programmable over 

the entire flow range.  
 
(4) Alarms: Two SPDT programmable relays. 
 
(5) Temperature Range: 32o F to 122o F (0o C to 50o C). 
 
(6) Accuracy: 0.25 % of full scale 

 
(7) Engineering Units: Pounds or Kilograms. 
 

(8) Display: Backlit LCD display, and a sealed 10-turn knob or keypad 
adjustment for tare adjustment.  
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(9) Transmitter signal cable: Provided by the manufacturer, sufficient 

length to connect the load cell to the indicating transmitter. 
 

(10) The indicator/transmitter shall be connected to one load cell.  
Connecting more than one load cell to a single transmitter shall not 
be allowed.  The transmitter shall be remotely located and shall not 
be integral to the load cell(s).  The transmitter shall be located in an 
accessible location to the Operator. 

 
b. Physical 

 
(1) The indicator shall be housed in a NEMA 4X, UL approved 

enclosure. 
 
(2) Transmitter shall be provided with sunshield as specified in section 

13325 if mounted outside. 
 

4. Accessories: 
 

a. Safety chains and spring loaded snap hooks to insure stable 
installation of the containers if needed. 

 
5. Manufacturer(s): 

 
a. Force Flow 

 
b. Scaletron 

 
c. Approved equal 

 
PART 3: EXECUTION 
 
3.01 GENERAL 

 
A. See execution requirements in Section 13300. 

 
 

END OF SECTION 
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SECTION 13320 

CONTROL AND DATA NETWORK EQUIPMENT 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. Furnish all labor and materials required and installed.  Complete as shown on 
the Drawings and as specified herein.  

B. The PCSS shall furnish the labor and materials required to install and bring 
into operation the control and data network as shown on the Drawings and 
specified herein. 

C. The network shall be capable of supporting communications between all 
servers, operator workstations, PLCs, and other communication devices as 
shown on the system architecture block diagram(s).  The PCSS shall furnish 
all necessary cables, face plates, connectors, modems, transceivers, 
repeaters, modules, splice kits, etc. required for a complete and operational 
network. The system architecture diagram(s) are for network understanding 
only. Some communication devices maybe required for network operation, 
which may not be explicitly shown on the Drawings.  The system shall be 
designed to accommodate an increase of 100 percent of network nodes.  

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid. 

1.03 RELATED WORK 

A. Refer to Division 16 specifications. 

B. Refer to the E-sheets in the Drawing package. 

C. Refer to Section 13300 – General Provisions. 

D. Refer to Section 13330 – Control Panels and Panel Mounted Equipment. 

1.04 SUBMITTALS 

A. Refer to Section 13300. 
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1.05 REFERENCE STANDARDS 

A. Refer to Section 13300. 

1.06 QUALITY ASSURANCE 

A. Refer to Section 13300. 

1.07 SYSTEM DESCRIPTION 

A. System Responsibility: 

1. The Drawings and Specifications depict a control and data network, which 
shall function as one unit. This network may be comprised of multiple 
communication protocols over various media. 

2. The equipment specified herein shall be furnished by the PCSS unless 
otherwise noted. Only one party shall have sole responsibility for the 
equipment required for a complete and operational control and data 
network. 

1.08 DELIVERY, STORAGE, AND HANDLING 

A. Refer to Section 13300. 

1.09 PROJECT/SITE REQUIREMENTS 

A. Refer to Section 13300. 

1.10 MAINTENANCE 

A. Refer to Section 13300. 

1.11 WARRANTY 

A. Refer to Section 13300. 

1.12 NOMENCLATURE AND IDENTIFICATION 

A. Refer to Section 13300. 

PART 2: PRODUCTS 

2.01 GENERAL 
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A. The use of a manufacturer's name and model or catalog number is for the 
purpose of establishing the standard of quality and general configuration 
desired. 

2.02 UNMANAGED ETHERNET SWITCHES 

A. General 

1. Provide an unmanaged Ethernet switch(s) for connection to the control 
network backbone as shown in the Drawings and specified herein. 

B. Physical Features 

1. Fiber uplinks: 2 x 100/1000 ST ports, minimum 

2. Copper ports: 12 x 10/100/1000 TX RJ45 ports, minimum 

3. Operating temperature: 14 to 158 degrees f 

4. Power: 24 VDC redundant power supply inputs 

5. Enclosure: Metal case, DIN-rail mountable 

6. Rating: UL Class 1, Division 2 Groups A, B, C, and D 

C. Network Features 

1. Full duplex on all port 

2. Auto negotiation and manual configurable speed and duplex 

3. Wire speed switching fabric 

D. Acceptable Manufacturers 

1. Siemens SCALANCE X112-2 

2. Or Equal 

2.03 WIRES AND CONNECTORS 

A. Ethernet 10/100/1000 BASE-T/TX Cable 
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1. The unshielded twisted pair cable shall be designed for use with a high 
speed (10/100/1000 Mbps) Ethernet 10/100/1000 BASE-T/TX 
communications network.  The twisted pair cable shall have a nominal 
impedance 100 ohms at one MHz, a maximum attenuation of 8 dB per 
1000 feet at one MHz. The twisted pair cable must have frequency tested 
up to 250 MHz or more.  The twisted pair cable shall be plenum rated and 
shall have a minimum of four 23 AWG solid copper conductor pairs. All 
10/100/1000 BASE-T/TX (RJ-45) terminations on the twisted pair cable 
shall be done in a professional and workman like manner.  Terminations 
shall provide for proper strain relief on the cable jacket.  Strain relief on the 
wire and/or wire insulation shall not be acceptable. 

2.04 OTHER DEVICES 

A. Not Used. 

PART 3: EXECUTION – NOT USED 

END OF SECTION 
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SECTION 13330 

 
I&C - CONTROL PANELS AND PANEL MOUNTED EQUIPMENT 

PART 1: PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. Refer to Section 13300. 

B. Furnish and install control panels and panel mounted equipment as specified 
herein and shown on the Drawings. 

C. Furnish the following panels and consoles. Each panel shall be supplied with 
full sub-panels and side panels as required. 

 

PANEL SCHEDULE 

Panel 
Designation 

Panel Size Enclosure Rating & Type Note 

PLC-6A 
90”H X 36”W 

X18”D 
NEMA 4X 316 SS 

LOCATED IN 
PAC BUILDING 

    

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

1.03 RELATED WORK 

A. Refer to Section 13300. 

1.04 SUBMITTALS 

A. Refer to Section 13300. 
 

1.05 COORDINATION MEETINGS 

A. Refer to Section 13300. 

1.06 REFERENCE STANDARDS 

A. Refer to Section 13300. 
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1.07 QUALITY ASSURANCE 

A. Refer to Section 13300. 

1.08 DELIVERY, STORAGE AND HANDLING 

A. Refer to Section 13300. 

1.09 NOMENCLATURE AND IDENTIFICATION 

A. Refer to Section 13300. 

1.10 MAINTENANCE 

A. Refer to Section 13300. 

1.11 SPARE PARTS AND TEST EQUIPMENT: 

A. Refer to Section 13300. 

1.12 WARRANTY 

A. Refer to Section 13300. 

PART 2: PRODUCTS 

2.01 GENERAL 

A. Refer to Section 13300. 

2.02 LIGHTNING/SURGE PROTECTION 

A. Refer to Section 13300. 
 

2.03 CONTROL PANEL GENERAL REQUIREMENTS 
 

A. The dimensions within this Section and on the Contract Drawings are for 
general reference only. Ensure that final enclosure sizing and panel 
arrangements accommodate all required equipment for a fully integrated and 
operational system as specified herein and in the Contract Documents. 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements I&C - CONTROL PANELS AND 
WBS No. S-000056-0071-4 PANEL MOUNTED EQUIPMENT 

13330-3 
09-14-2015 

B. Each control panel and terminal cabinet shall bear the UL label. The UL label 
shall apply to the enclosure, the specific equipment supplied with the 
enclosure, and the installation and wiring of the equipment within and on the 
enclosure. If required for UL labeling, provide ground fault protective devices, 
isolation transformers, fuses and any other equipment necessary to achieve 
compliance with UL 508 requirement. The Drawings do not detail all UL 508 
requirements. 

C. All panel doors shall have a lock installed in the door handle, or a hasp and 
staple for padlocking. Locks for all panels provided under this Contract shall 
be keyed alike. 

D. The devices designated for rear of panel mounting shall be arranged within 
the panel according to respective panel drawings and in a manner to allow for 
ease of maintenance and adjustment. Heat generating devices such as power 
supplies shall be located at or near the top of the panel.  

E. The panels shall be completely fabricated, instruments and devices installed 
and wired at the Manufacturer's/PCSS's facility. 

F. All components shall be mounted in a manner that shall permit servicing, 
adjustment, testing, and removal without disconnecting, moving, or removing 
any other component. Components mounted on the inside of panels shall be 
mounted on removable plates and not directly to the enclosure. Mounting 
shall be rigid and stable unless shock mounting is required otherwise by the 
manufacturer to protect equipment from vibration. Component mounting shall 
be oriented in accordance with manufacturer's recommendations. The internal 
components shall be identified with suitable plastic or metal engraved 
nametags mounted adjacent to (not on) each component identifying the 
component in accordance with the drawing and specifications. 

G. All exterior panel mounted equipment shall be installed with suitable gaskets, 
faceplates, etc. required to maintain the NEMA rating of the panel.   

H. Nameplates 

1. All panels and panel devices shall be supplied with suitable nameplates, 
which identify the panel and individual devices as required. Unless 
otherwise indicated, each device nameplate shall include up to three lines 
with the first line containing the device tag number as shown on the 
drawings, the second line containing a functional description (e.g., 
Recirculation Pump No. 1), and the third line containing a functional 
control description (e.g., Start). 

2. Unless escutcheon plates are specified or unless otherwise noted on the 
Drawings, nameplates shall be 3/32-inch thick, black and white, Lamicoid 
with engraved inscriptions. The letters shall be Black against a White 
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background unless otherwise noted. Edges of the nameplates shall be 
beveled and smooth. Nameplates with chipped or rough edges will not be 
acceptable.  

3. Nameplate fasteners and mounting shall be epoxy adhesive or stainless 
steel screws for cabinet mounted nameplates  

4. For every panel, provide a panel nameplate with a minimum of 1" high 
letters. Provide legend plates or 1-in by 3-in engraved nameplates with 
1/4-in lettering for identification of door mounted control devices, pilot 
lights, and meters. 

5. Single lamicoid nameplates with multiple legends shall be used for 
grouping of devices such as selector switches and pilot lights that relate to 
one function.  

I. Mounting Elevations  

1. ISA Recommended Practice RP60.3 shall be used as a guide in layout 
and arrangement of panels and panel mounted components. Dimensions 
shall account for all housekeeping pads that panels will sit on once they 
are installed. 

2. Centerline of indicators and controllers shall be located no lower than 48-
inches or higher than 66-inches above the floor on a panel face.  

3. Centerline of lights, selector switches, and pushbuttons shall be located 
no lower than 32-inches or higher than 70-inches above the floor on a 
panel face. 

4. Tops of annunciators shall be located no higher than 86-inches above the 
floor on a panel face. 

5. Installation of panel components shall conform to component 
manufacturers' guidelines. 

2.04 PANEL MATERIALS AND CONSTRUCTION 

A. Structure and Enclosure 

1. Panels shall be of continuous welded stainless steel or FRP construction 
as shown on the Panel Schedule. Provide angle stiffeners as required on 
the back of the panel face to prevent panel deflection under instrument 
loading or operation. Internally the panels shall be supplied with a 
structural framework for instrument support purposes and panel bracing. 
The internal framework shall permit panel lifting without racking or 
distortion. Provide removable lifting rings designed to facilitate simple, 
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safe rigging, and lifting of the control panels during installation.  

2. Each panel shall be provided with full height, fully gasketed access doors 
where shown. Doors shall be provided with a three point stainless steel 
latch (except for NEMA 4X panels) and heavy duty stainless steel locking 
handle. Rear access doors (if included) shall be conveniently arranged 
and sized such that they extend no further than 24-inches beyond the 
panel when opened to the 90 degree position. Front and side access 
doors shall be as shown. Panel access doors shall be provided with full 
length, continuous, piano type stainless steel hinges with stainless steel 
pins. Front access doors with mounted instruments or control devices 
shall be of sufficient width to permit door opening without interference from 
flush mounted instruments. 

3. The panels, including component parts, shall be free from sharp edges 
and welding flaws. Wiring shall be free from kinks and sharp bends and 
shall be routed for easy access to other components for maintenance and 
inspection purposes. 

4. The panel shall be suitable for top and bottom conduit entry as required by 
the Electrical Drawings. For top mounted conduit entry, the panel top shall 
be provided with nominal one-foot square removable access plates, which 
may be drilled to accommodate conduit and cable penetrations. All conduit 
and cable penetrations shall be provided with ground bushings, hubs, 
gasketed locknuts, and other accessories as required to maintain the 
NEMA rating of the panel and electrical rating of the conduit system. 

5. All panels in indoor, dry, non-corrosive environments shall be NEMA 12 
unless otherwise noted. All panels in outdoor, wet, and non-chemically 
corrosive environments shall be NEMA 4 unless otherwise noted. Panels 
in chemically corrosive environments shall be NEMA 4X unless otherwise 
noted. All panels located in a hazardous location shall be rated for the 
type of hazard (e.g., NEMA 7 for Class 1, Division 1). 

B. Freestanding and Floor-Mounted Vertical Panels 

1. Freestanding and floor-mounted vertical panels shall meet the NEMA 
classification as shown on the drawings or specified herein. The panels 
shall be constructed of 12 gauge sheet steel, suitably braced internally for 
structural rigidity and strength. All NEMA 4X rated panels shall be 
constructed of 316 stainless steel, unless aluminum or FRP is specifically 
indicated to be provided otherwise. Front panels or panels containing 
instruments shall be not less than 10 gauge, reinforced to prevent warping 
or distortion. 

C. Wall and Unistrut Mounted Panels 
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1. All wall and Unistrut mounted panels shall meet the NEMA classification 
as shown on the drawings or specified herein. The panels shall be 
constructed of not less than USS 14 gauge steel, suitably braced internally 
for structural rigidity and strength. All NEMA 4X rated wall mounted panels 
shall be constructed of 316 stainless steel, unless aluminum or FRP is 
specifically indicated to be provided otherwise. FRP panels shall be used 
in chlorine areas. All FRP panels located in direct sunlight shall be 
provided with a protective coating and sun shield to prevent discoloration 
and cracking. 

D. Finish Requirements 

1. All sections shall be descaled, degreased, filled, ground and finished. The 
enclosure when fabricated of steel shall be finished with two rust resistant 
phosphate prime coats and two coats of enamel, polyurethane, or lacquer 
finish which shall be applied by either the hot air spray or conventional 
cold spray methods. Brushed anodized aluminum, stainless steel, and 
FRP panels will not require a paint finish. 

2. The panels shall have edges ground smooth and shall be sandblasted and 
then cleaned with a solvent. Surface voids shall be filled and ground 
smooth. 

3. Immediately after cleaning, one coat of a rust inhibiting primer shall be 
applied inside and outside, followed by an exterior intermediate and top 
coat of a two component type epoxy enamel. A final sanding shall be 
applied to the intermediate exterior coat before top coating. 

4. Apply a minimum of two coats of flat white lacquer on the panel interior 
after priming. 

5. Unless otherwise noted, the finish exterior colors shall be ANSI 61 gray 
with a textured finish. 

E. Print storage pockets shall be provided on the inside of each panel. The 
storage pockets shall be steel, welded on to the door, and finished to match 
the interior panel color. The storage pocket shall be sufficient to hold all of the 
prints required to service the equipment, and to accommodate 8.5 inch by 11 
inch documents without folding. 
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2.05 ENVIRONMENTAL CONTROL 

A. All panels shall be provided with louvers, sun shields, heat sinks, forced air 
ventilation, or air conditioning units as required to prevent temperature 
buildup inside of panel. The internal temperature of all panels shall be 
regulated to a range of 45 Deg F to 104 Deg F under all conditions. Under no 
circumstances shall the panel cooling or heating equipment compromise the 
NEMA rating of the panel. 

B. Submit heat dissipation calculations for every control panel.  

C. Except for panels mounted with their backs directly adjacent to a wall, louvers 
shall be in the rear of the panels, top and bottom, and shall be stamped sheet 
metal construction. 

D. For panels mounted with their backs directly adjacent to a wall, louvers shall 
be on the sides. 

E. Forced air ventilation fans, where used, shall provide a positive internal 
pressure within the panel, and shall be provided with washable or replaceable 
filters. Fan motors shall operate on 120 volt, 60 Hz power. 

F. For panels with internal heat that cannot be adequately dissipated with 
natural convection and heat sinks, or forced air ventilation, an air conditioner 
shall be provided.  

G. Contractor shall provide custom fabricated sun shield for all outdoor panels. 
Sun shields shall be fabricated in accordance with the following requirements: 

1. Sun shields shall be fabricated from minimum 12 gauge Type 316 
stainless steel. Units shall be designed, fabricated, installed, and 
supported to fully cover and shade the top, sides and back of the 
enclosure, and to partially shade the front panel of the enclosure, from 
direct exposure to sunlight from sunrise to sunset. 

2. Depending on overall size, sun shields may be fabricated in single or 
multiple segments for attachment to the enclosure support framing or to 
separate free standing framing around the enclosure. 

3. Sun shields shall not be attached directly to the enclosure by drilling holes 
through, or welding studs to, the enclosure surfaces, and shall be 
designed and mounted to provide a minimum 3-inch air gap all around the 
enclosure for air circulation and heat dissipation. 

4. The top section of all sun shields shall be sloped at a minimum angle of 5 
degrees from horizontal. For wall mounted enclosures, the top section 
shall slope downward away from the wall and towards the front of the 
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enclosure. For free standing, floor mounted and frame mounted 
enclosures the top section shall slope downward towards the back side of 
the enclosure. 

5. The front edge of the top section of all sun shields shall incorporate a 
narrow and more steeply sloped drip shield segment which sheds water 
away from the front of the enclosure and prevents it from dripping or 
running directly onto the front panel of the enclosure. 

6. All seam welds used in sun shield fabrication shall be continuous and shall 
be ground smooth. 

7. All exposed corners, edges and projections shall be smooth rounded or 
chamfered to prevent injury. 

H. All outdoor enclosures and enclosures located in unheated areas indoors or 
in areas subject to humidity and moisture shall be provided with an integral 
heater, fan, and adjustable thermostat to reduce condensation and maintain 
the minimum internal panel temperature. Mount the unit near the bottom of 
the enclosure with discharge away from heat-sensitive equipment. Heater 
shall be Hoffman DAH 100 Watts, 115 Volt, 50/60 HZ or equal.  

2.06 CORROSION CONTROL 

A. Panels shall be protected from internal corrosion by the use of corrosion 
inhibiting vapor capsules as manufactured by Hoffman Model AHCI; or equal. 

2.07 CONTROL PANEL - INTERNAL CONSTRUCTION 

A. Internal Electrical Wiring 

1. All interconnecting wiring shall be stranded, type MTW, and shall have 
600 volt insulation and be rated for not less than 90 degrees Celsius. 
Wiring for systems operating at voltages in excess of 120 VAC shall be 
segregated from other panel wiring either in a separate section of a multi-
section panel or behind a removable Plexiglas or similar dielectric barrier. 
Panel layout shall be developed such that technicians shall have complete 
access to 120 VAC and lower voltage wiring systems without direct 
exposure to higher voltages. 

2. Power distribution wiring on the line side of fuses or breakers shall be 12 
AWG minimum. Control wiring on the secondary side of fuses shall be 14 
AWG minimum. Electronic analog circuits shall utilize 18 AWG shielded, 
twisted pair, cable insulated for not less than 600 volts. 

3. Power and low voltage DC wiring systems shall be routed in separate 
wireways. Crossing of different system wires shall be at right angles. 
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Different system wires routed parallel to each other shall be separated by 
at least 6 inches. Different wiring systems shall terminate on separate 
terminal blocks. Wiring troughs shall not be filled to more than 60 percent 
visible fill. 

4. Terminations 

a. All wiring shall terminate onto single tier terminal blocks, where each 
terminal is uniquely and sequentially numbered. Direct wiring between 
field equipment and panel components is not acceptable. 

b. Multi-level terminal blocks or strips are not acceptable.  

c. Terminal blocks shall be arranged in vertical rows and separated into 
groups (power, AC control, DC signal). Each group of terminal blocks 
shall have a minimum of 25 percent spares.  

d. Terminal blocks shall be the compression type, fused, unfused, or 
switched as shown on the Contract Drawings or specified elsewhere in 
Division 13. 

e. Discrete inputs and outputs (DI and DO) shall have two terminals per 
point with adjacent terminal assignments. All active and spare PLC and 
controller points shall be wired to terminal blocks. 

f. Analog inputs and outputs (AI and AO) shall have three terminals per 
shielded pair connection with adjacent terminal assignments for each 
point. The third terminal is for shielded ground connection for cable 
pairs. Ground the shielded signal cable at the PLC cabinet. All active 
and spare PLC and controller points shall be wired to terminal blocks. 

g. Wire and tube markers shall be the sleeve type with heat impressed 
letters and numbers. 

h. Only one side of a terminal block row shall be used for internal wiring. 
The field wiring side of the terminal shall not be within 6-inches of the 
side panel or adjacent terminal or within 8-inches of the bottom of free 
standing panels, or within 3-inches of stanchion mounted panels, or 3-
inches of adjacent wireway. 

i. Circuit power from the PLC cabinet out to field devices (switches, dry 
contacts etc.) that are used as discrete inputs to the PLC input cards 
shall be isolated with an isolating switch terminal block with flip cover 
that is supplied with a dummy fuse. Isolation switch block shall be an 
Allen Bradley Model 1492-H7 or equal. One isolating switch terminal 
block per loop numbered piece of equipment and one per spare I/O 
point is acceptable. 
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j. All PLC discrete outputs to the field shall be isolated with an isolating 
fuse switch terminal block with a flip cover and a neon blown fuse 
indicator. The single circuit fusible terminal block shall be an Allen 
Bradley 1492-H4 or equal. 

5. All wiring to hand switches and other devices, which are live circuits 
independent of the panel's normal circuit breaker protection, shall be 
clearly identified as such. 

6. All wiring shall be clearly tagged and color coded. All tag numbers and 
color coding shall correspond to the panel wiring diagrams and loop 
drawings prepared by the PCSS. All power wiring, control wiring, 
grounding, and DC wiring shall utilize different color insulation for each 
wiring system used. The color coding scheme shall be: 

a. Incoming 120 VAC Hot - Black 

b. 120 VAC Hot wiring downstream of panel circuit breaker - Red 

c. 120 VAC Hot wiring derived from a UPS system - Red with Black stripe  

d. Three phase power - Brown, Orange, Yellow, and Green ground or as 
specified in Division 16.  

e. 120 VAC neutral - White 

f. Ground - Green 

g. DC + power or control wiring - Blue 

h. DC - power or control wiring - Blue with White stripe 

i. DC analog signal wiring - Black (+), White (-) 

j. Foreign voltage - Yellow or Orange 

7. Provide surge protectors on all incoming power supply lines at each panel 
per the requirements of Section 13300. 

8. Each field instrument furnished under Division 13 and shown on the 
Drawings as deriving input power from the control panel(s) shall have a 
separate power distribution circuit with a circuit breaker or fuse and blown 
fuse indication. 

9. Provide redundant 24 VDC power supplies to power field instruments and 
panel devices. Twenty-four VDC power supplies shall be as specified in 
this Section. 
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10. Wiring trough for supporting internal wiring shall be plastic type with snap-
on covers. The side walls shall be open top type to permit wire changing 
without disconnecting. Trough shall be supported to the subpanel by 
stainless steel screws. Trough shall not be bonded to the panel with glue 
or adhesives. 

11. Each panel shall have a single tube, fluorescent light fixture, 20 Watt in 
size, mounted internally to the ceiling of the panel. Light fixture shall be 
switched and shall be complete with the lamp. 

12. Each panel shall have a specification grade duplex convenience 
receptacle with ground fault interrupter, mounted internally within a 
stamped steel device box with appropriate cover. Convenience receptacle 
shall not be powered from a UPS and shall be protected by a dedicated 
fuse or circuit breaker.  

13. Each panel shall be provided with an isolated copper grounding bus for all 
signal and shield ground connections. Shield grounding shall be in 
accordance with the instrumentation manufacturer's recommendations. 

14. Each panel shall be provided with a separate copper power grounding bus 
(safety) in accordance with the requirements of the National Electrical 
Code. 

15. Each panel shall have control, signal, and communication line surge 
suppression in accordance with Section 13300. 

16. Each panel shall be provided with a circuit breaker to interrupt incoming 
power. Provide a minimum of two (2) spare 20-amp breakers. 

17. Additional electrical components including transformers, motor starters, 
switches, circuit breakers, etc. shall be in compliance with the 
requirements of Division 16. 

2.08 ELECTRICAL COMPONENTS 

A. The main circuit breaker shall be a thermal-magnetic molded case breaker, 
by Square D Company, or equal. 

B. A mechanical disconnect mechanism, with bypass, shall be installed on each 
motor circuit protector, capable of being locked in the "OFF" position to 
provide a means of disconnecting power to the motor. 



East Water Purification Plant – Chemical Feed Systems Improvements 
I&C - CONTROL PANELS AND   Bid Package 2 – Plant 1-2 Improvements 
PANEL MOUNTED EQUIPMENT WBS No. S-000056-0071-4  

13330-12 
09-14-2015 

C. Auxiliary contacts shall be provided for remote run indication and indication of 
each status and alarm condition. Additional controls shall be provided as 
specified herein and as required by the detailed mechanical equipment 
requirements, the P&IDs (Division 13), the Control Wiring Diagrams (Division 
16) and as shown on the Drawings. 

D. All operating control devices and instruments shall be securely mounted on 
the exterior door. All controls shall be clearly labeled to indicate function and 
shall be in accordance with the electrical area classification indicated on the 
Electrical Contract Drawings. 

E. The control panel shall be provided with a lightning and surge protection unit 
on the line side of the main circuit breaker. Unit shall be 600 Volt, 3 Phase, 
General Electric "Tranquell" Series, or equal. 

F. Specific control devices, control descriptions and other data are specified 
under the detailed specification for the mechanical equipment with which the 
control panel is supplied. 

2.09 PILOT TYPE INDICATING LIGHTS 

A. Type:  Energy efficient Solid State LED Lamps. 

B. Functional: 

1. Units shall be provided with low voltage LED lamps suitable for the voltage 
supplied.  

2. Lights supplied with 120V AC power shall have integral reduced voltage 
transformers. 

3. Lamps shall be replaceable from the front of the unit. 

C. Physical: 

1. Lens color:  

a. Running, on, open - Green. 

b. Stopped, off, closed - Red. 

c. Alarm - Amber. 

d. White - Power on 

e. Blue - All other status indications not covered by the above  
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f. Lens caps shall be approximately .46 inch diameter. Provide legend 
faceplates engraved to indicate the required function of each device; 
NEMA rating - 4X. 

D. Manufacturer(s):   

1. Cutler-Hammer. 

2. Allen Bradley. 

3. General Electric. 

4. Square D. 

5. Crouse Hinds (NEMA 7). 

6. Equal. 

2.10 SELECTOR SWITCHES AND PUSHBUTTONS 

A. Type:   

1. Control devices shall be heavy-duty oil tight type with stackable contact 
blocks. 

B. Functional:   

1. Provide contact arrangement and switching action as required for the 
control system specified. 

C. Physical:   

1. For 120 VAC service provide contacts rated 10 amps at 120 VAC, for 24 
VDC service provide silver sliding contacts rated 5 amps at 125 VDC, for 
electronic (millivolt/ milliamp) switching provide contacts rated lamp at 28 
VDC. 

2. Pushbuttons shall have flush type operators.  

3. Selector switches shall have knob or wing lever operators; NEMA rating - 
4X; Provide legend plates denoting switch/pushbutton position/ function. 

D. Manufacturer(s):   

1. Cutler-Hammer. 

2. Allen Bradley. 
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3. General Electric. 

4. Square D. 

5. Crouse Hinds (NEMA 7). 

6. Equal. 

2.11 POTENTIOMETER 

A. Type:   

1. Device shall be heavy-duty 30 mm oil tight type. 

B. Functional: 

1. 270 degree dial 

2. Rated for 1,000 ohms. 

C. Physical:   

1. Mounting:  Suitable for panel mounting 

2. NEMA 4X rating; escutcheon plates scaled in engineering units. 

D. Manufacturer(s):   

1. Allen Bradley Co. 

2. Cutler-Hammer. 

3. Square D. 

4. Equal. 

2.12 GENERAL PURPOSE RELAYS AND TIME DELAYS 

A. Type:   

1. General purpose plug in type. 

B. Functional:   

1. Contact arrangement/function shall be as required to meet the specified 
control function; Mechanical life expectancy shall be in excess of 10 
million. 
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2. Duty cycle shall be rated for continuous operation; Units shall be provided 
with integral indicating light to indicate if relay is energized. 

3. Solid state time delays shall be provided with polarity protection (DC units) 
and transient protection. 

4. Time delay units shall be adjustable and available in ranges from .1 
second to 4.5 hours. 

C. Physical:  

1. For 120 VAC service provide contacts rated 10 amps at 120 VAC, for 24 
VDC service provide contacts rated 5 amps at 28 VDC, for electronic 
(milliamp/millivolt) switching applicator provide gold plated contacts rated 
for electronic service; relays shall be provided with dust and moisture 
resistant covers. 

D. Options/Accessories Required:   

1. Provide mounting sockets with pressure type terminal blocks rated 300 
volt and 10 amps. 

2. Provide mounting rails/holders as required. 

E. Manufacturer(s):   

1. IDEC. 

2. Allen Bradley. 

3. Potter & Brumfield. 

4. Equal.  

2.13 SIGNAL ISOLATORS/BOOSTERS/CONVERTERS 

A. Type:   

1. Solid state, ASIC technology; electronic type. 

B. Functional:   

1. Accuracy:  0.15 percent. 

2. Inputs:  Current, voltage, frequency, temperature, or resistance as 
required.  

3. Outputs:  Current or voltage as required.  
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4. Isolation:  There shall be complete isolation between input circuitry, output 
circuitry, and the power supply. 

5. Adjustments:  Zero and span adjustment shall be provided.  

6. Protection:  Provide RFI protection. 

C. Physical: 

1. Mounting:  DIN Rail. 

D. Manufacturer(s):  

1. Action Instruments Slim Pak. 

2. Acromag. 

3. Equal. 

2.14 24 VDC POWER SUPPLIES 

A. Provide a 24 VDC power supply in the control panel to power field 
instruments, panel devices, etc., as required. Equip the power supply with a 
power on/off circuit breaker. 

B. The 24 VDC power supply shall meet the following requirements: 

1. Input power: 115 VAC, plus or minus 10 percent, 60 Hz. 

2. Output voltage: 24 VDC. 

3. Output voltage adjustment: 5 percent. 

4. Line regulation: 0.05 percent for 10 volt line change. 

5. Load regulation: 0.15 percent no load to full load. 

6. Ripple: 3 mV RMS. 

7. Operating temperature: 32 to 140 degrees Fahrenheit. 

C. Size the 24 VDC power supply to accommodate the design load plus a 
minimum 25 percent spare capacity.  

D. If power supply on/off status signal is shown, provide a relay contact (internal 
to the power supply or external if the power supply is not so equipped) to 
indicate on/off status of the power supply. 
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E. Provide output overvoltage and overcurrent protective devices with the power 
supply to protect instruments from damage due to power supply failure and to 
protect the power supply from damage due to external failure.  

F. Mount the 24 VDC power supply such that dissipated heat does not adversely 
affect other panel components. 

G. Manufacturer(s):  

1. Phoenix Contacts 

2. Acopian. 

3. PULS. 

4. Lambda. 

5. Equal. 

2.15 DIGITAL PANEL METER 

A. Type:  

1. Electronic, 3.5 digit, 0.56 inch high efficiency LED display. 

B. Operation:   

1. To accept 4 20 mA DC input signal and provide indication in Engineering 
Units of measured variable.  

C. Functional:  

1. Power supply:  115 VAC, plus or minus 10 percent, 50/60 Hz, 10 VA. 

2. Input:  4 20 mA DC into 100 ohms.  

3. Indication:  0.56 inch LED display. 

D. Physical:   

1. Case size nominal 2.5 inch high by 5 inch wide by 6 inch deep.  

2. Case type:  watertight and dust-tight (NEMA 4X).  

3. Mounting:  flush panel suitable for high density mounting arrangements. 

E. Performance: Linear input accuracy plus or minus 0.05 percent of calibrated 
span, plus or minus 1 count. 
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F. Manufacturer(s):  

1. Precision Digital. 

2. Red Lion. 

3. Equal. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. The panels shall be installed at locations as shown on the Contract Drawings. 

B. Refer to Section 13300. 

3.02 TESTS 

A. Refer to Section 13300. 
 

END OF SECTION 
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SECTION 13441 

SCADA SOFTWARE ENGINEERING SECURITY AND QUALITY REQUIREMENTS 
 

PART 1: GENERAL 

1.01 PURPOSE 

A. This document identifies requirements for SCADA software and programming 
used for the control and monitoring of the Plant 1 and 2 High Service Pump 
Station.   These requirements are intended to address three related areas: 1) 
SCADA Homeland Security Requirements, 2) Texas Engineering Practice 
Act, 3) COH SCADA system quality requirements: 

1. According to the National Strategy for Homeland Security water facilities 
are part of the nation’s critical infrastructure and the government agencies 
that are responsible shall take specific steps to improve SCADA security.   

a. Government agencies are required to “Establish policies to minimize 
the likelihood that organizational personnel will inadvertently disclose 
sensitive information regarding SCADA system design, operations, or 
security controls” and “Release data related to the SCADA network 
only on a strict, need-to-know basis, and only to persons/entities 
explicitly authorized to receive such information”. 

b. In compliance with these Homeland Security requirements all SCADA 
related information is restricted to authorized personnel.   

2. In compliance with Texas Engineering Practice Act (Article 3271a) and the 
recognition that SCADA software is an integral part of the electrical control 
of the water facilities and is therefore within the jurisdiction of the act:   

a. All SCADA software related work shall be performed by a licensed 
engineering firm meeting the qualifications as specified in these 
requirements and referred to within as the Software Engineer (SE). 
The software produced for the project shall be stamped by SE in 
accordance with (Article 3271a §137.33 Sealing Procedures for 
engineering software). 

3. Additionally, these requirements are to refine and perpetuate software 
engineering and software quality standards that will benefit the Water 
Operation Branch in the areas of facility operations, maintenance, and 
facility construction projects: 
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a. The requirements are intended to benefit facility operations through 
encouraging SCADA standards of consistency in facility functionality 
and operation, improved process visibility, improved efficiency and 
control, lower operating costs and reduced potential permit violations.   
The SCADA standardization also addresses improved technical 
support and ease of maintenance. 

b. These requirements specify SCADA related issues in construction, 
deliverables and qualifications that will help ensure the availability and 
quality of SCADA system integration.   

c. SCADA related software integration activities have been identified as a 
key point of quality control for construction projects.  The SE shall 
subcontract directly to the general contractor and shall perform an 
independent assessment of the SCADA related work of the other 
subcontractors and equipment suppliers to ensure complete system 
and software integration within the facility per the construction 
specification and SCADA design guidelines. 

 

PART 2: PRODUCTS 

2.01 SCOPE 

A. The requirements defined in this document apply to COH water facility 
SCADA software including system control, monitoring and integration.    The 
scope includes new and existing facility construction projects where new 
SCADA software is required or where the existing SCADA software is 
modified.  

1. SCADA software activities shall be performed only by the pre-approved 
SE and include: PLC programming, HMI configuration and graphics 
development, historical logging software application and report generation, 
network configuration and programming.  

2. Manufactured packaged subsystems with pre-engineered software may 
be specifically excluded if specified in that subsystem equipment 
specification, that the system shall be shipped with the software as a fully 
functional unit.  The system PLC and HMI hardware and software 
application shall meet the requirements for SCADA integration and 
software documentation.  The packaged system provider shall deliver all 
software to SE as soon as possible for the purpose of review and 
integration.        

3. These requirements apply to all SCADA security related activities 
including configuration of servers, workstations and network equipment. 
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PART 3: EXECUTION 

3.01 SOFTWARE ENGINEERING REQUIREMENTS 

A. The SE shall perform the software engineering functions as required within 
the scope section meeting the requirements within. 

1. The SE shall use the COH standards for SCADA software engineering 
and Homeland Security in all work performed. 

a. The SE shall identify and communicate omissions and required 
modifications to these standards. 

b. Details on these standards are restricted to authorized personnel only 
according to the Homeland Security requirements and are not included 
in these requirements.  The pre-approved SE is authorized for access 
to these standards. 

B. The SE shall provide the SCADA related submittals as defined in the 
submittals section. 

1. The SE shall perform the work required to complete the required SCADA 
software submittals. 

2. The SE shall review and report on the SCADA related submittals of the 
project subcontractors and equipment providers. 

C. The SE shall assist the project team including; the engineer, the water 
operations and equipment suppliers with the SCADA integration issues. 

1. The SE shall attend project meetings as required by the project team. 

2. The SE shall assist the project team with functional test of the system. 

a. This may include providing project related process data from the 
SCADA system. 

PART 4: MODIFICATIONS  

4.01 SUBMITTALS 

A. Within 30 days of the notice to proceed the SE shall submit a letter of SE 
qualifications specifically addressing each item of qualification as defined in 
these requirements. 
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1. Include the SE professional engineering firm licensed number and date of 
issuance. 

2. Include a statement addressing the awareness of the Homeland Security 
concerns and intention to restrict the dissemination of security sensitive 
SCADA network information to those who are authorized by the COH and 
require the information in the support of this project.   

B. Within 90 days of the notice to proceed the SE will submit the Software 
Engineering Manual (Preliminary Report). 

1. Include the software conventions for the use in the HMI development. 

2. Include diagrams and schedules for all network devices associated with 
the process control and monitoring for the facility/facilities. 

3. Include the interfaces for the City SCADA network. 

4. Identify every network component (new and existing). 

5. The Software Engineering Manual will be updated for the final O&M. 

C. The SE will submit letters of software and network integration compatibility to 
be included in all the control related submittals.    

1. Included but not limited to: PLCs, network devices, computers, HMI 
devices.  

2. Include deviations from City standards and the construction specifications 
for electrical control drawings and tag naming conventions.  

3. Include deviations from the submitted Software Engineering Preliminary 
Report. 

4. Include the manufacturer supplied package systems with control panels. 

5. The SE shall distribute monthly a Software Engineering Integration 
Schedule highlighting software and system integration progress and 
issues. 

D. Factory demonstration test confirmation report 

1. After the required factory demonstration test the SE shall submit a report 
confirming the related software and network compatibility. 

E. Field Acceptance Functional Test 

1. Shall be completed prior to performance and reliability testing. 
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2. Field Acceptance Functional Test Submittals shall include: 

a. Field Acceptance Functional Test Plan Submittal. 

b. Description of plan for testing field devices. 

c. Description of plan for function test and system integration of each 
subsystem. 

d. Field Acceptance Functional Test Schedule shall be submitted after 
the acceptance of the test plan submittal. 

e. Field Acceptance Functional Test plan completion report shall be 
submitted. 

F. Updated Software Engineering Manual (Final Version) 

1. Update and submit a singled CD with all related SCADA software.   

2. Control and network components. 

3. Inventory of software components. 

4. Network device configuration documentation. 

5. Software Engineering documentation. 

6. PLC and HMI software shall be documented using the product 
development tool. 

7. Software shall be stamped as required in Texas Engineering Practice Act 
(Article 3271a §137.33 Sealing Procedures) with the date, the engineers 
name, the PE designation with license number. 

8. The SE will collect and submit all software and network device 
configuration programs and data developed for the project. 

PART 5: SOFTWARE ENGINEER (SE) QUALIFICATIONS 

A. The Drinking Water Operations SCADA Group has set forth these 
qualifications for performing all SCADA related software activities for water 
facilities as defined in these requirements.  

B. SE qualifications:  
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1. The SE shall be a Texas Registered Professional Engineering firm with a 
minimum of five (5) years of licensed history with the software engineering 
of the control systems for advanced Water treatment processes.   

2. The SE shall be experienced with the software application development 
packages which are used as standards for Water Operations including a 
minimum five (5) years of software engineering experience with 
Wonderware Archestra and G.E. IFIX HMI application development 
packages and Siemens PLCs.    

3. The SE shall demonstrate a minimum of five (5) years of continuous Cisco 
Advanced Security expertise.  This ensures the SE has the required 
expertise to configure, secure and maintain the SCADA system network 
for applicable projects (excluding stand-alone control system at the lift 
stations and small plants where only a single PLC is installed). 

4. The SE shall have errors and omissions insurance with coverage in the 
amount of $1,000,000.00 (aggregate). 

5. The SE shall have an existing office, within the City of Houston, and shall 
maintain that office for the duration of the warranty and extended software 
service requirement. 

6. To ensure effectiveness and objectivity in the review and reporting of 
SCADA related integration issues, the SE shall be an independent entity 
and provide only software engineering services for the construction 
projects.  Additional scope of automation and electrical services may be 
provided as required by the owner.  The services may include, but not 
limited to network diagram development, efficiency and optimization 
program and application implementation, data dictionary design guideline 
development.  

C. Approved SE:  

1. Automation Nation, Inc. 
 Attn: Mr. Rich Kendall, P.E. 
 Phone: 713-675-4999 or 713-906-7115   

 
END OF SECTION 
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15040 

HEATING, VENTILATING, AND AIR CONDITIONING 

PART 1: GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.02 SUMMARY 

A. This Section includes the following: 

1. Grout. 

2. Mechanical demolition. 

3. Equipment installation requirements common to equipment sections. 

4. Painting and finishing. 

5. Concrete bases. 

1.03 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment 
rooms, furred spaces, pipe and duct shafts, unheated spaces immediately 
below roof, spaces above ceilings, unexcavated spaces, crawlspaces, and 
tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include 
finished occupied spaces and mechanical equipment rooms. 

C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to 
outdoor ambient temperatures and weather conditions.  Examples include 
rooftop locations. 

D. Concealed, Interior Installations:  Concealed from view and protected from 
physical contact by building occupants.  Examples include above ceilings and 
in duct shafts. 

E. The following are industry abbreviations for rubber materials: 

1. EPDM:  Ethylene-propylene-diene terpolymer rubber. 
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2. NBR:  Acrylonitrile-butadiene rubber. 

1.04 QUALITY ASSURANCE 

A. Electrical Characteristics for Mechanical Equipment:  Equipment of higher 
electrical characteristics may be furnished provided such proposed equipment 
is approved in writing; connecting electrical services, circuit breakers, and 
conduit sizes are appropriately modified; and all is provided at no additional 
cost.  If minimum energy ratings or efficiencies are specified, equipment shall 
comply with requirements. 

1.05 COORDINATION 

A. Arrange for chases, slots, and openings in building structure during progress 
of construction, to allow for mechanical installations. 

B. Coordinate installation of required supporting devices and set sleeves in 
poured-in-place concrete and other structural components as they are 
constructed. 

PART 2: PRODUCTS 

2.01 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the 
following requirements apply for product selection: 

1. Manufacturers:  Subject to compliance with requirements, provide 
products by the manufacturers specified. 

2.02 GROUT 

A. Description:  ASTM C1107, Grade B, non-shrink and non-metallic, dry 
hydraulic-cement grout. 

1. Characteristics:  Post-hardening, volume-adjusting, non-staining, non-
corrosive, non-gaseous, and recommended for interior and exterior 
applications. 

2. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength. 

3. Packaging:  Premixed and factory packaged. 
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PART 3: EXECUTION 

3.01 MECHANICAL DEMOLITION 

A. Refer to Divisions 1 and 2 for general demolition requirements and 
procedures. 

B. Disconnect, demolish, and remove mechanical systems, equipment, and 
components indicated to be removed. 

1. Ducts to Be Removed:  Remove portion of ducts indicated to be removed 
and plug remaining ducts with same or compatible ductwork material. 

2. Ducts to Be Abandoned in Place:  Cap or plug ducts with same or 
compatible ductwork material. 

3. Equipment to Be Removed:  Disconnect and cap services and remove 
equipment. 

4. Equipment to Be Removed and Salvaged:  Disconnect and cap services 
and remove equipment and deliver to Owner. 

C. If insulation, or equipment to remain is damaged in appearance or is 
unserviceable, remove damaged or unserviceable portions and replace with 
new products of equal capacity and quality. 

3.02 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment to allow maximum possible headroom unless specific 
mounting heights are indicated. 

B. Install equipment level and plumb, parallel and perpendicular to other building 
systems and components in exposed interior spaces, unless otherwise 
indicated. 

C. Install mechanical equipment to facilitate service, maintenance, and repair or 
replacement of components.  Connect equipment for ease of disconnecting, 
with minimum interference to other installations.  Extend grease fittings to 
accessible locations. 

D. Install equipment to allow right of way for piping installed at required slope. 

3.03 PAINTING 

A. Painting of mechanical systems, equipment, and components is specified in 
Division 09. 
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B. Damage and Touchup:  Repair marred and damaged factory-painted finishes 
with materials and procedures to match original factory finish. 

3.04 CONCRETE BASES 

A. Concrete Bases:  Anchor equipment to concrete base according to equipment 
manufacturer’s written instructions and according to seismic codes at Project. 

1. Construct concrete bases of dimensions indicated, but not less than 4 
inches (100 mm) larger in both directions than supported unit and not less 
than top level at 4 inches (100 mm) above grade or finished floor. 

2. Install dowel rods to connect concrete base to concrete floor.  Unless 
otherwise indicated, install dowel rods on 18-inch (450-mm) centers 
around the full perimeter of the base. 

3. Install epoxy-coated anchor bolts for supported equipment that extend 
through concrete base, and anchor into structural concrete floor. 

4. Place and secure anchorage devices.  Use supported equipment 
manufacturer’s setting drawings, templates, diagrams, instructions, and 
directions furnished with items to be embedded. 

5. Install anchor bolts to elevations required for proper attachment to 
supported equipment. 

6. Install anchor bolts according to anchor-bolt manufacturer’s written 
instructions. 

7. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete and 
reinforcement as specified in Division 03. 

3.05 GROUTING 

A. Mix and install grout for mechanical equipment base bearing surfaces, pump 
and other equipment base plates, and anchors. 

B. Clean surfaces that will come into contact with grout. 

C. Provide forms as required for placement of grout. 

D. Avoid air entrapment during placement of grout. 

E. Place grout, completely filling equipment bases. 

F. Place grout on concrete bases and provide smooth bearing surface for 
equipment. 
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G. Place grout around anchors. 

H. Cure placed grout. 

END OF SECTION 
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15057 

COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

PART 1: GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.02 SUMMARY 

A. This Section includes basic requirements for factory-installed motors. 

1.03 DEFINITIONS 

A. Factory-Installed Motor:  A motor installed by motorized-equipment 
manufacturer as a component of equipment. 

1.04 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as 
defined in NFPA 70, Article 100, by a testing agency acceptable to authorities 
having jurisdiction, and marked for intended use. 

B. Comply with NFPA 70. 

1.05 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices and 
features that comply with the following: 

1. Compatible with the following: 

a. Magnetic controllers. 

b. Multispeed controllers. 

c. Reduced-voltage controllers. 

2. Designed and labeled for use with variable frequency controllers, and 
suitable for use throughout speed range without overheating. 

3. Matched to torque and horsepower requirements of the load. 
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4. Matched to ratings and characteristics of supply circuit and required 
control sequence. 

PART 2: PRODUCTS 

2.01 MOTOR REQUIREMENTS 

A. Motor requirements apply to factory-installed motors except as follows: 

1. Different ratings, performance, or characteristics for a motor are specified 
in another Section. 

2. Manufacturer for a factory-installed motor requires ratings, performance, 
or characteristics, other than those specified in this Section, to meet 
performance specified. 

2.02 MOTOR CHARACTERISTICS 

A. Motors 3/4 HP and Larger:  Three phase. 

B. Motors Smaller Than 3/4 HP:  Single phase. 

C. Frequency Rating:  60 Hz. 

D. Voltage Rating:  NEMA standard voltage selected to operate on nominal 
circuit voltage to which motor is connected. 

E. Minimum Service Factor:  1.15 for open dripproof motors; 1.10 for totally 
enclosed motors. 

F. Duty:  Continuous duty at ambient temperature of 105 F (40 C) and at altitude 
of 3300 feet (1005 m) above sea level. 

G. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and 
operate connected loads at designated speeds, at installed altitude and 
environment, with indicated operating sequence, and without exceeding 
nameplate ratings or considering service factor. 

H. Enclosure:  Unless indicated otherwise, provide the following enclosure type: 

1. Open dripproof (ODP):  In indoor, moderately clean and dry environments. 

2. Totally enclosed, non-ventilated (TENV):  In damp, dirty, corrosive or 
contaminated environments. 

3. Totally enclosed, fan cooled (TEFC):  Outdoors. 
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4. Hazardous location motors: 

a. In Class I environments which involve potentially explosive liquids, 
vapors and gases; with motor approved for specific hazard category as 
defined by Article 500 of the National Electric Code. 

b. Dust ignition resistant:  In Class II environments that contain 
combustible dusts such as coal, grain, flour, etc. 

2.03 POLYPHASE MOTORS 

A. Description:  NEMA MG 1, Design B, medium induction motor. 

B. Efficiency:  Premium as defined in NEMA MG 1. 

C. Stator:  Copper windings, unless otherwise indicated. 

1. Multispeed motors shall have separate winding for each speed. 

D. Rotor:  Squirrel cage, unless otherwise indicated. 

E. Bearings:  Double-shielded, prelubricated ball bearings suitable for radial and 
thrust loading. 

F. Temperature Rise:  Match insulation rating, unless otherwise indicated. 

G. Insulation:  Class F, unless otherwise indicated. 

H. Code Letter Designation: 

1. Motors 15 HP and Larger:  NEMA starting Code F or Code G. 

2. Motors Smaller Than 15 HP:  Manufacturer’s standard starting 
characteristic. 

I. Enclosure:  Cast iron for motors 7.5 HP and larger; rolled steel for motors 
smaller than 7.5 HP. 

1. Finish:  Gray enamel. 

2.04 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS 

A. Motors Used with Reduced-Inrush Controllers:  Match wiring connection 
requirements for controller with required motor leads.  Provide terminals in 
motor terminal box, suited to control method. 
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B. Motors Used with Variable Frequency Controllers:  Inverter – duty rated. 
Ratings, characteristics, and features coordinated with and approved by 
controller manufacturer. 

1. Designed with critical vibration frequencies outside operating range of 
controller output. 

2. Temperature Rise:  Matched to rating for Class B insulation. 

3. Insulation:  Class H. 

4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally 
protected motors. 

C. Rugged-Duty Motors:  Totally enclosed, with 1.25 minimum service factor, 
greased bearings, integral condensate drains, and capped relief vents.  
Windings insulated with non-hygroscopic material. 

1. Finish:  Chemical-resistant paint over corrosion-resistant primer. 

2.05 SINGLE-PHASE MOTORS 

A. Type:  One of the following, to suit starting torque and requirements of 
specific motor application: 

1. Permanent-split capacitor. 

2. Split-phase start, capacitor run. 

3. Capacitor start, capacitor run. 

B. Shaded-Pole Motors:  For motors 1/20 HP and smaller only. 

C. Thermal Protection:  Internal protection to automatically open power supply 
circuit to motor when winding temperature exceeds a safe value calibrated to 
temperature rating of motor insulation.  Thermal-protection device shall 
automatically reset when motor temperature returns to normal range. 

D. Bearings:  Ball type for belt-connected motors and other motors with high 
radial forces on motor shaft; sealed, prelubricated-sleeve type for other 
single-phase motors. 

PART 3: EXECUTION (NOT USED) 

END OF SECTION 
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SECTION 15060 

PIPE AND PIPE FITTINGS:  BASIC REQUIREMENTS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes:  

1. Process piping systems. 

2. Utility piping systems. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of 
the Contract. 

2. Division 01 - General Requirements. 

3. Section 02317 – Excavation and Backfill for Utilities. 

4. Section 09905 - Painting and Protective Coatings. 

5. Section 10400 - Identification Devices. 

6. Section 11005 - Equipment:  Basic Requirements. 

7. Section 13315 – Process Instrumentation and Controls – Products  

8. Section 15090 - Pipe Support Systems. 

9. Section 15100 - Valves:  Basic Requirements. 

10. Piping materials and requirements for HVAC systems are included in 
Division 15. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Association of State Highway and Transportation Officials 
(AASHTO): 

a. M36, Corrugated Steel Pipe, Metallic-Coated, for Sewers and Drains 
(Equivalent ASTM A760). 
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b. M190, Standard Specification for Bituminous Coated Corrugated Metal 
Culvert Pipe and Pipe Arches. 

c. M252, Standard Specification for Corrugated Polyethylene Drainage 
Tubing. 

d. M294, Interim Specification for Corrugated Polyethylene Pipe 12 to 24 
Inch Diameter. 

2. American Iron and Steel Institute (AISI). 

3. American Society of Mechanical Engineers (ASME): 

a. B16.3, Malleable Iron Threaded Fittings. 

b. B16.5, Pipe Flanges and Flanged Fittings. 

c. B16.9, Factory-Made Wrought Steel Butt-Welding Fittings. 

d. B16.22, Wrought Copper and Bronze Solder - Joint Pressure Fittings. 

e. B16.26, Cast Copper Alloy Fittings for Flared Copper Tubes. 

f. B36.19, Stainless Steel Pipe. 

g. B40.100, Pressure Gauges and Gauge Attachments. 

4. ASTM International (ASTM): 

a. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless. 

b. A74, Standard Specification for Cast Iron Soil Pipe and Fittings. 

c. A106, Standard Specification for Seamless Carbon Steel Pipe for 
High-Temperature Service. 

d. A126, Standard Specification for Gray Iron Castings for Valves, 
Flanges, and Pipe Fittings. 

e. A182, Standard Specification for Forged or Rolled Alloy-Steel Pipe 
Flanges, Forged Fittings, and Valves and Parts for High-Temperature 
Service. 

f. A197, Standard Specification for Cupola Malleable Iron. 

g. A234, Standard Specification for Pipe Fittings of Wrought Carbon Steel 
and Alloy Steel for Moderate and High Temperature Service. 
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h. A269, Standard Specification for Seamless and Welded Austenitic 
Stainless Steel Tubing for General Service. 

i. A312, Standard Specification for Seamless, Welded, and Heavily Cold 
Worked Austenitic Stainless Steel Pipes. 

j. A518, Standard Specification for Corrosion-Resistant High-Silicon Iron 
Castings. 

k. A536, Standard Specification for Ductile Iron Castings. 

l. A587, Standard Specification for Electric-Resistance-Welded Low-
Carbon Steel Pipe for the Chemical Industry. 

m. A760, Standard Specification for Corrugated Steel Pipe, Metallic-
Coated for Sewers and Drains. 

n. A774, Standard Specification for As-Welded Wrought Austenitic 
Stainless Steel Fittings for General Corrosive Service at Low and 
Moderate Temperatures. 

o. A778, Standard Specification for Welded, Unannealed Austenitic 
Stainless Steel Tubular Products. 

p. B88, Standard Specification for Seamless Copper Water Tube. 

q. C14, Standard Specification for Concrete Sewer, Storm Drain, and 
Culvert Pipe. 

r. C76, Standard Specification for Reinforced Concrete Culvert, Storm 
Drain, and Sewer Pipe. 

s. C425, Standard Specification for Compression Joints for Vitrified Clay 
Pipe and Fittings. 

t. C443, Standard Specification for Joints for Concrete Pipe and 
Manholes, Using Rubber Gaskets. 

u. C564, Standard Specification for Rubber Gaskets for Cast Iron Soil 
Pipe and Fittings. 

v. C700, Standard Specification for Vitrified Clay Pipe, Extra Strength, 
Standard Strength and Perforated. 

w. D1785, Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic 
Pipe, Schedules 40, 80, and 120. 
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x. D2466, Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic 
Pipe Fittings, Schedule 40. 

y. D2467, Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic 
Pipe Fittings, Schedule 80. 

z. D4101, Standard Specification for Polypropylene Plastic Injection and 
Extrusion Materials. 

aa. F439, Standard Specification for Chlorinated Poly(Vinyl Chloride) 
(CPVC) Plastic Pipe Fittings, Schedule 80. 

bb. F441, Standard Specification for Chlorinated Poly(Vinyl Chloride) 
(CPVC) Plastic Pipe, Schedules 40 and 80. 

5. American Water Works Association (AWWA): 

a. B300, Standard for Hypochlorites. 

b. C200, Standard for Steel Water Pipe - 6 IN and Larger. 

c. C207, Standard for Steel Pipe Flanges for Waterworks Service - Sizes 
4 IN through 144 IN. 

d. C208, Standard for Dimensions for Fabricated Steel Water Pipe 
Fittings. 

e. C606, Standard for Grooved and Shouldered Joints. 

f. C651, Standard for Disinfecting Water Mains. 

g. C800, Standard for Underground Service Line Valves and Fittings. 

6. American Water Works Association/American National Standards Institute 
(AWWA/ANSI): 

a. C110/A21.10, Standard for Ductile-Iron and Gray-Iron Fittings. 

b. C111/A21.11, Standard for Rubber-Gasket Joints for Ductile-Iron 
Pressure Pipe and Fittings. 

c. C115/A21.15, Standard for Flanged Ductile-Iron Pipe with Ductile-Iron 
or Gray-Iron Threaded Flanges. 

d. C151/A21.51, Standard for Ductile-Iron Pipe, Centrifugally Cast, for 
Water. 
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e. C153/A21.53, Standard for Ductile-Iron Compact Fittings for Water 
Service. 

7. Chlorine Institute, Inc. (CI): 

a. Pamphlet 6, Piping Systems for Dry Chlorine. 

8. Cast Iron Soil Pipe Institute (CISPI): 

a. 301, Standard Specification for Hubless Cast Iron Soil Pipe and 
Fittings for Sanitary and Storm Drain, Waste, and Vent Piping 
Applications. 

9. International Plumbing Code (IPC). 

10. National Fire Protection Association (NFPA): 

a. 54, National Fuel Gas Code. 

b. 69, Standard on Explosion Prevention Systems. 

11. Underwriters Laboratories, Inc. (UL). 

B. Coordinate flange dimensions and drillings between piping, valves, and 
equipment. 

1.03 SYSTEM DESCRIPTION 

A. Piping Systems Organization and Definition: 

1. Piping services are grouped into designated systems according to the 
chemical and physical properties of the fluid conveyed, system pressure, 
piping size and system materials of construction. 

2. See PIPING SPECIFICATION SCHEDULES in PART 3. 

1.04 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01340 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 
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b. Copies of manufacturer's written directions regarding material 
handling, delivery, storage and installation. 

c. Separate schedule sheet for each piping system scheduled in this 
Specification Section showing compliance of all system components. 

1) Attach technical product data on gaskets, pipe, fittings, and other 
components. 

3. Fabrication and/or layout drawings: 

a. Exterior yard piping drawings (minimum scale 1 IN equals 10 FT) with 
information including: 

1) Dimensions of piping lengths. 

2) Invert or centerline elevations of piping crossings. 

3) Acknowledgement of bury depth requirements. 

4) Details of fittings, tapping locations, thrust blocks, restrained joint 
segments, harnessed joint segments, hydrants, and related 
appurtenances. 

5) Acknowledge designated valve or gate tag numbers, manhole 
numbers, instrument tag numbers, pipe and line numbers. 

6) Line slopes and vents. 

b. Interior piping drawings (minimum scale 1/8 IN equals 1 FT) with 
information including: 

1) Dimensions of piping from column lines or wall surfaces. 

2) Centerline dimensions of piping. 

3) Centerline elevation and size of intersecting ductwork, 
conduit/conduit racks, or other potential interferences requiring 
coordination. 

4) Location and type of pipe supports and anchors. 

5) Locations of valves and valve actuator type. 

6) Details of fittings, tapping locations, equipment connections, flexible 
expansion joints, connections to equipment, and related 
appurtenances. 
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7) Acknowledgement of valve, equipment and instrument tag 
numbers. 

8) Provisions for expansion and contraction. 

9) Line slopes and air release vents. 

10) Rough-in data for plumbing fixtures. 

c. Schedule of interconnections to existing piping and method of 
connection. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01782 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

C. Informational Submittals: 

1. Qualifications of lab performing disinfection analysis on water systems. 

2. Test reports: 

a. Copies of pressure test results on all piping systems. 

b. Reports defining results of dielectric testing and corrective action 
taken. 

c. Disinfection test report. 

d. Notification of time and date of piping pressure tests. 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Protect pipe coating during handling using methods recommended by 
manufacturer. 

1. Use of bare cables, chains, hooks, metal bars or narrow skids in contact 
with coated pipe is not permitted. 

B. Prevent damage to pipe during transit. 

1. Repair abrasions, scars, and blemishes. 
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2. If repair of satisfactory quality cannot be achieved, replace damaged 
material immediately. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Insulating unions: 

a. "Dielectric" by Epco. 

2. Dirt strainers (Y type): 

a. Mueller (#351). 

b. Sarco. 

c. Armstrong. 

3. Chemical strainers (Y type): 

a. Chemtrol. 

b. Asahi. 

4. Cam Lever Couplings: 

a. Banjo Liquid Handling Products. 

b. Approved equal. 

5. Dielectric flange kit: 

a. PSI. 

b. Maloney. 

c. Central Plastics. 

6. Pipe saddles (for gage installation): 

a. Dresser Style 91 (steel and ductile iron systems). 

b. Dresser Style 194 (nonmetallic systems). 
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7. Expansion joints at fiberglass reinforced plastic (FRP) and polyethylene 
tanks: 

a. PROCO Series 442-BD (two bellow design) 

b. Approved equal. 

8. Rotameters 

a. King Instrument Co. 

b. Approved equal 

B. Submit request for substitution in accordance with Specification Section 
01630. 

2.02 PIPING SPECIFICATION SCHEDULES 

A. Piping system materials, fittings and appurtenances are subject to 
requirements of specific piping specification schedules located at the end of 
PART 3 of this Specification Section. 

B. See Division 2 specifications for storm drainage concrete piping systems.  

2.03 COMPONENTS AND ACCESSORIES 

A. Insulating Components: 

1. Dielectric flange kits: 

a. Flat faced. 

b. 1/8 IN thick dielectric gasket, phenolic, non-asbestos. 

c. Suitable for 175 psi, 210 Deg F. 

d. 1/32 IN wall thickness bolt sleeves. 

e. 1/8 IN thick phenolic insulating washers. 

2. Dielectric unions: 

a. Screwed end connections. 

b. Rated at 175 psi, 210 Deg F. 

c. Provide dielectric gaskets suitable for continuous operation at union 
rated temperature and pressure. 
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B. Dirt Strainers: 

1. Y-type. 

2. Composition bronze. 

3. Rated for test pressure and temperature of system in which they are 
installed. 

4. 20 mesh Monel screen. 

5. Threaded bronze plug in the blowoff outlet. 

6. Threaded NPT end connections. 

C. Strainers for Chemical Applications: 

1. Y-type. 

2. Strainers of same material, test pressure, and temperature rating as 
system in which strainer is placed. 

D. Reducers: 

1. Furnish appropriate size reducers and reducing fittings to mate pipe to 
equipment connections. 

2. Connection size requirements may change from those shown on Drawings 
depending on equipment furnished. 

E. Protective Coating and Lining: 

1. Include pipe, fittings, and appurtenances where coatings, linings, paint, 
tests and other items are specified. 

2. Field paint pipe in accordance with Specification Section 09905. 

F. Underground Warning Tape: 

1. See Specification Section 10400. 

G. Pressure Gages: 

1. See Specification Section 11005 and Specification Section 13315. 

H. Cam Lever Couplings: 
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1. Chemical Tank Fill Stations; Flushing and Drain Connections on Chemical 
Piping Systems 

a. HFS  

1) Provide male adapter and female cap with chain 

2) Size as shown on the Drawings. 

3) Polypropylene construction with NPT threaded connection 

b. Ferric Sulfate/Alum; Lime Slurry; PAC; and Coagulant Aid 
Adapters/Caps 

1) Provide male adapter and female cap with chain 

2) Size as shown on the Drawings. 

3) Type 316 stainless steel construction with NPT threaded 
connection. 

I. Valves: 

a. See Section 15100. 

J. Expansion Joints on FRP and Polyethylene Tanks: 

1. Materials: 

a. Bellows:  PTFE-62 

b. Flanges:  Ductile iron 

c. Limit bolts and nuts:  Type 316 stainless steel 

d. Reinforcing rings:  Type 316 stainless steel 

2. Pressure rating at 70 Deg F:  185 psig. 

3. Minimum axial movement:  1/4 IN. 

4. Minimum angular deflection: 7 degrees  

K. Rotameters 

1. Lime Slurry Dilution Service 

a. Materials 
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1) Metering tube: acrylic  

2) Internal components: Type 316 stainless steel 

3) Fittings: PVC 

4) Elastomers: Viton 

b. Design Requirements 

1) Flow range: 0 to 50 gpm 

2) Connection size: 1.5 IN NPT 

PART 3: EXECUTION 

3.01 EXTERIOR BURIED PIPING INSTALLATION 

A. Unless otherwise shown on the Drawings, provide a minimum of 4 FT and 
maximum of 8 FT earth cover over exterior buried piping systems and 
appurtenances conveying water, fluids, or solutions subject to freezing. 

B. Enter and exit through structure walls, floors, and ceilings by using 
penetrations and seals specified in Specification Section 01800 and as shown 
on the Drawings. 

C. When entering or leaving structures with buried mechanical joint piping, install 
joint within 2 FT of point where pipe enters or leaves structure. 

1. Install second joint not more than 6 FT nor less than 4 FT from first joint. 

D. Install expansion devices as necessary to allow expansion and contraction 
movement. 

E. Laying Pipe In Trench: 

1. Excavate and backfill trench in accordance with Specification Section 
02317. 

2. Clean each pipe length thoroughly and inspect for compliance to 
specifications. 

3. Grade trench bottom and excavate for pipe bell and lay pipe on trench 
bottom. 

4. Install gasket or joint material according to manufacturer's directions after 
joints have been thoroughly cleaned and examined. 
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5. Except for first two (2) joints, before making final connections of joints, 
install two (2) full sections of pipe with earth tamped along side of pipe or 
final with bedding material placed. 

6. Lay pipe in only suitable weather with good trench conditions. 

a. Never lay pipe in water except where approved by Engineer. 

7. Seal open end of line with watertight plug if pipe laying stopped. 

8. Remove water in trench before removal of plug. 

F. Lining Up Push-On Joint Piping: 

1. Lay piping on route lines shown on Drawings. 

2. Deflect from straight alignments or grades by vertical or horizontal curves 
or offsets. 

3. Observe maximum deflection values stated in manufacturer's written 
literature. 

4. Provide special bends when specified or where required alignment 
exceeds allowable deflections stipulated. 

5. Install shorter lengths of pipe in such length and number that angular 
deflection of any joint, as represented by specified maximum deflection, is 
not exceeded. 

G. Anchorage and Blocking: 

1. Provide reaction blocking, anchors, joint harnesses, or other acceptable 
means for preventing movement of piping caused by forces in or on buried 
piping tees, wye branches, plugs, or bends. 

2. Place concrete blocking so that it extends from fitting into solid 
undisturbed earth wall. 

a. Concrete blocks shall not cover pipe joints. 

3. Provide bearing area of concrete in accordance with drawing detail. 

H. Install underground hazard warning tape per Specification Section 10400. 

I. Install insulating components where dissimilar metals are joined together. 
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3.02 INTERIOR AND EXPOSED EXTERIOR PIPING INSTALLATION 

A. Install piping in vertical and horizontal alignment as shown on Drawings. 

B. Alignment of piping smaller than 4 IN may not be shown; however, install 
according to Drawing intent and with clearance and allowance for: 

1. Expansion and contraction. 

2. Operation and access to equipment, doors, windows, hoists, moving 
equipment. 

3. Headroom and walking space for working areas and aisles. 

4. System drainage and air removal. 

C. Enter and exit through structure walls, floor and ceilings using penetrations 
and seals specified in Specification Section 01800 and as shown on the 
Drawings. 

D. Install vertical piping runs plumb and horizontal piping runs parallel with 
structure walls. 

E. Pipe Support: 

1. Use methods of piping support as shown on Drawings and as required in 
Specification Section 15090. 

2. Where pipes run parallel and at same elevation or grade, they may be 
grouped and supported from common trapeze-type hanger, provided 
hanger rods are increased in size as specified for total supported weight. 

a. The pipe in the group requiring the least maximum distance between 
supports shall set the distance between trapeze hangers. 

3. Size pipe supports with consideration to specific gravity of liquid being 
piped. 

F. Locate and size sleeves and castings required for piping system. 

1. Arrange for chases, recesses, inserts or anchors at proper elevation and 
location. 

G. Use reducing fittings throughout piping systems. 

1. Bushings will not be allowed unless specifically approved. 

H. Equipment Drainage and Miscellaneous Piping: 
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1. Provide drip pans and piping at equipment where condensation may 
occur. 

2. Hard pipe stuffing box leakage to nearest floor drain. 

3. Avoid piping over electrical components such as motor control centers, 
panelboards, etc. 

a. If piping must be so routed, utilize 16 GA, 316 stainless steel drip pan 
under piping and over full length of electrical equipment. 

b. Hard pipe drainage to nearest floor drain. 

4. Collect system condensate at drip pockets, traps and blowoff valves. 

5. Provide drainage for process piping at locations shown on Drawings in 
accordance with Drawing details. 

6. For applications defined above and for other miscellaneous piping which is 
not addressed by a specific piping service category in PART 1, provide 
304 stainless steel piping and fittings. 

a. Size to handle application with 3/4 IN being minimum size provided. 

I. Unions: 

1. Install in position which will permit valve or equipment to be removed 
without dismantling adjacent piping. 

2. Mechanical type couplings may serve as unions. 

3. Additional flange unions are not required at flanged connections. 

J. Install expansion devices as necessary to allow expansion/contraction 
movement. 

K. Provide gasket type and material as scheduled for each piping system herein.  

L. Anchorage and Blocking: 

1. Block, anchor, or harness exposed piping subjected to forces in which 
joints are installed to prevent separation of joints and transmission of 
stress into equipment or structural components not designed to resist 
those stresses. 

M. Equipment Pipe Connections: 

1. Equipment - General: 
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a. Exercise care in bolting flanged joints so that there is no restraint on 
the opposite end of pipe or fitting which would prevent uniform gasket 
pressure at connection or would cause unnecessary stresses to be 
transmitted to equipment flanges. 

b. Where push-on joints are used in conjunction with flanged joints, final 
positioning of push-on joints shall not be made until flange joints have 
been tightened without strain. 

c. Tighten flange bolts at uniform rate which will result in uniform gasket 
compression over entire area of joint. 

1) Provide tightening torque in accordance with manufacturer's 
recommendations. 

d. Support and match flange faces to uniform contact over their entire 
face area prior to installation of any bolt between the piping flange and 
equipment connecting flange. 

e. Permit piping connected to equipment to freely move in directions 
parallel to longitudinal centerline when and while bolts in connection 
flange are tightened. 

f. Align, level, and wedge equipment into place during fitting and 
alignment of connecting piping. 

g. Grout equipment into place prior to final bolting of piping but not before 
initial fitting and alignment. 

h. To provide maximum flexibility and ease of alignment, assemble 
connecting piping with gaskets in place and minimum of four (4) bolts 
per joint installed and tightened. 

1) Test alignment by loosening flange bolts to see if there is any 
change in relationship of piping flange with equipment connecting 
flange. 

2) Realign as necessary, install flange bolts and make equipment 
connection. 

i. Provide utility connections to equipment shown on Drawings, 
scheduled or specified. 

2. Plumbing and HVAC equipment: 
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a. Make piping connections to plumbing and HVAC equipment, including 
but not limited to installation of fittings, strainers, pressure reducing 
valves, flow control valves and relief valves provided with or as integral 
part of equipment. 

b. Furnish and install sinks, fittings, strainers, pressure reducing valves, 
flow control valves, pressure relief valves, and shock absorbers which 
are not specified to be provided with or as integral part of equipment. 

c. For each water supply piping connection to equipment, furnish and 
install union and gate or angle valve. 

1) Provide wheel handle stop valve at each laboratory sink water 
supply. 

2) Minimum size:  1/2 IN. 

d. Furnish and install "P" trap for each waste piping connection to 
equipment if waste is connected directly to building sewer system. 

1) Size trap as required by IPC. 

e. Stub piping for equipment, sinks, lavatories, supply and drain fittings, 
key stops, "P" traps, miscellaneous traps and miscellaneous brass 
through wall or floor and cap and protect until such time when later 
installation is performed. 

N. Provide insulating components where dissimilar metals are joined together. 

O. Instrument Connections: 

1. See drawing details. 

3.03 CONNECTIONS WITH EXISTING PIPING 

A. Where connection between new work and existing work is made, use suitable 
and proper fittings to suit conditions encountered. 

B. Perform connections with existing piping at time and under conditions which 
will least interfere with service to customers affected by such operation. 

C. Undertake connections in fashion which will disturb system as little as 
possible. 

D. Provide suitable equipment and facilities to dewater, drain, and dispose of 
liquid removed without damage to adjacent property. 
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E. Where connections to existing systems necessitate employment of past 
installation methods not currently part of trade practice, utilize necessary 
special piping components. 

F. Where connection involves potable water systems, provide disinfection 
methods as prescribed in this Specification Section. 

G. Once tie-in to each existing system is initiated, continue work continuously 
until tie-in is made and tested. 

3.04 ACCESS PROVISIONS 

A. Provide access doors or panels in walls, floors, and ceilings to permit access 
to valves, piping and piping appurtenances requiring service. 

B. Size of access panels to allow inspection and removal of items served, 
minimum 10 x 14 IN size. 

C. Fabricate door and frame of minimum 14 GA, stretcher leveled stock, 
cadmium plated or galvanized after fabrication and fitted with screw driver 
lock of cam type. 

D. Provide with key locks, keyed alike, in public use areas. 

E. Furnish panels with prime coat of paint. 

F. Style and type as required for material in which door installed. 

G. Where door is installed in fire-rated construction, provide door bearing UL 
label required for condition. 

3.05 CATHODIC PROTECTION 

A. Isolate, dielectrically, all piping from all other metals including reinforcing bars 
in concrete slabs, other pipe lines, and miscellaneous metal. 

B. Make all connections from wire or cable by Thermit Cadwelding accomplished 
by operators experienced in this process. 

C. Install all cables with a loop and overhead knot around each pipe and slack 
equal to at least 50 percent of the straight line length. 

D. After cadwelding, coat all exposed metallic surfaces with hot applied tape. 

3.06 HEAT TRACING 

A. See Division 16 for heat trace cabling requirements.  
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3.07 PRESSURE GAUGES 

A. Provide at locations shown on the Drawings and specified. 

B. See Specification Section 13315. 

3.08 FIELD QUALITY CONTROL 

A. Pipe Testing - General: 

1. Test piping systems as follows: 

a. Test exposed, non-insulated piping systems upon completion of 
system. 

b. Test exposed, insulated piping systems upon completion of system but 
prior to application of insulation. 

c. Test concealed interior piping systems prior to concealment and, if 
system is insulated, prior to application of insulation. 

d. Test buried piping (insulated and non-insulated) prior to backfilling and, 
if insulated, prior to application of insulation. 

2. Utilize pressures, media and pressure test durations as specified in the 
PIPING SPECIFICATION SCHEDULES. 

3. Isolate equipment which may be damaged by the specified pressure test 
conditions. 

4. Perform pressure test using calibrated pressure gages and calibrated 
volumetric measuring equipment to determine leakage rates. 

a. Select each gage so that the specified test pressure falls within the 
upper half of the gage's range. 

b. Notify the Engineer 24 HRS prior to each test. 

5. Completely assemble and test new piping systems prior to connection to 
existing pipe systems. 

6. Acknowledge satisfactory performance of tests and inspections in writing 
to Engineer prior to final acceptance. 

7. Bear the cost of all testing and inspecting, locating and remedying of leaks 
and any necessary retesting and re-examination. 

B. Pressure Testing: 
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1. Testing medium:  Unless otherwise specified in the PIPING 
SPECIFICATION SCHEDULES, utilize the following test media. 

a. Process and plant air systems: 
 

PIPE LINE 
SIZE 

SPECIFIED TEST 
PRESSURE 

TESTING 
MEDIUM 

2 IN and 
smaller 

75 psi or less Air or water 

2 IN and 
smaller 

Greater than 75 psi Water 

Greater than 2 
IN 

3 psi or less Air or water 

Greater than 2 
IN 

Greater than 3 psi Water 

 

b. Laboratory gases and natural gas systems:  Cylinder nitrogen. 

c. Liquid systems: 
 

PIPE LINE SIZE 
(DIA) 

GRAVITY 
OR 

PUMPED 

SPECIFIED 
TEST 

PRESSURE 
TESTING 
MEDIUM 

Up to and including 
48 IN 

Gravity 25 psig or less Air or water 

Above 48 IN Gravity 25 psig or less Water 
All sizes Pumped 250 psig or less Water 

 

2. Allowable leakage rates: 

a. Hazardous gas systems, all exposed piping systems, all pressure 
piping systems and all buried, insulated piping systems which are 
hydrostatically pressure tested shall have zero leakage at the specified 
test pressure throughout the duration of the test. 

b. Hydrostatic exfiltration and infiltration for sanitary and stormwater 
sewers (groundwater level is below the top of pipe): 

1) Leakage rate:  200 GAL per inch diameter per mile of pipe per day 
at average head on test section of 3 FT. 

2) Average head is defined from groundwater elevation to average 
pipe crown. 

15060-20 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements  PIPE AND PIPE FITTINGS: 
WBS No. S-000056-0071-4  BASIC REQUIREMENTS  

3) Acceptable test head leakage rate for heads greater than 3 FT:  
Acceptable leakage rate (gallons per inch diameter per mile per 
day) equals 115 by (actual test head to the 1/2 power). 

c. Hydrostatic infiltration test for sanitary and stormwater sewers 
(groundwater level is above the top of pipe): 

1) Allowable leakage rate:  200 GAL per inch diameter per mile of pipe 
per day when depth of groundwater over top of pipe is 2 to 6 FT. 

2) Leakage rate at heads greater than 6 FT:  Allowable leakage rate 
(gallons per inch diameter per mile of pipe per day) equals 82 by 
(actual head to the 1/2 power). 

d. Large diameter (above 48 IN) gravity plant piping systems shall have a 
maximum exfiltration of 25 gpd per inch-mile. 

e. Non-hazardous gas and air systems which are tested with air shall 
have a maximum pressure drop of 5 percent of the specified test 
pressure throughout the duration of the test. 

f. For low pressure (less than 25 psig) air testing, the acceptable time for 
loss of 1 psig of air pressure shall be: 

 
PIPE SIZE (IN 

DIA) 
TIME, MINUTES/100 

FT 
4 0.3 
6 0.7 
8 1.2 
10 1.5 
12 1.8 
15 2.1 
18 2.4 
21 3.0 
24 3.6 
27 4.2 
30 4.8 
33 5.4 
36 6.0 
42 7.3 
48 7.6 

 

3. Hydrostatic pressure testing methodology: 

a. General: 
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1) All joints, including welds, are to be left exposed for examination 
during the test. 

2) Provide additional temporary supports for piping systems designed 
for vapor or gas to support the weight of the test water. 

3) Provide temporary restraints for expansion joints for additional 
pressure load under test. 

4) Isolate equipment in piping system with rated pressure lower than 
pipe test pressure. 

5) Do not paint or insulate exposed piping until successful 
performance of pressure test. 

b. Soil, waste, drain and vent systems: 

1) Test at completion of installation of each stack or section of piping 
by filling system with water and checking joints and fittings for 
leaks. 

2) Eliminate leaks before proceeding with work or concealing piping. 

3) Minimum test heights shall be 10 FT above highest stack inlet. 

c. Larger diameter (above 36 IN) gravity plant piping: 

1) Plug downstream end of segment to be tested. 

a) Provide bracing as required. 

2) Fill segment and upstream structure to normal operating level as 
per hydraulic profile. 

3) Allow 24 HRS for absorption losses. 

a) Refill to original level. 

4) Provide reservoir to maintain constant head over duration of test. 

5) Record reservoir water volume at beginning and end of test. 

4. Natural gas systems - testing methodology: 

a. Maintain specified test pressure until each joint has been thoroughly 
examined for leaks by means of soap suds and glycerine. 

b. Wipe joints clean after test. 
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5. Air testing methodology: 

a. General: 

1) Assure air is ambient temperature. 

b. Low pressure air testing: 

1) Place plugs in line and inflate to 25 psig. 

2) Check pneumatic plugs for proper sealing. 

3) Introduce low pressure air into sealed line segment until air 
pressure reaches 4 psig greater than ground water that may be 
over the pipe. 

a) Use test gage conforming to ASME B40.100 with 0 to 15 psi 
scale and accuracy of 1 percent of full range. 

4) Allow 2 minutes for air pressure to stabilize. 

5) After stabilization period (3.5 psig minimum pressure in pipe) 
discontinue air supply to line segment. 

6) Record pressure at beginning and end of test. 

C. Dielectric Testing Methods and Criteria: 

1. Provide electrical check between metallic non-ferrous pipe or 
appurtenances and ferrous elements of construction to assure 
discontinuity has been maintained. 

2. Wherever electrical contact is demonstrated by such test, locate the point 
or points of continuity and correct the condition. 

3.09 CLEANING AND DISINFECTION 

A. Cleaning: 

1. Clean interior of piping systems thoroughly before installing. 

2. Maintain pipe in clean condition during installation. 

3. Before jointing piping, thoroughly clean and wipe joint contact surfaces 
and then properly dress and make joint. 
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4. Immediately prior to pressure testing, clean and remove grease, metal 
cuttings, dirt, or other foreign materials which may have entered the 
system. 

5. At completion of work and prior to Final Acceptance, thoroughly clean 
work installed under these Specifications. 

a. Clean equipment, fixtures, pipe, valves, and fittings of grease, metal 
cuttings, and sludge which may have accumulated by operation of 
system, from testing, or from other causes. 

b. Repair any stoppage or discoloration or other damage to parts of 
building, its finish, or furnishings, due to failure to properly clean piping 
system, without cost to Owner. 

6. Clean chlorine piping in accordance with CI Pamphlet 6. 

B. Disinfection of Potable Water Systems: 

1. After favorable performance of pressure test and prior to Final 
Acceptance, thoroughly flush entire potable water piping system including 
supply, source and any appurtenant devices and perform disinfection as 
prescribed. 

2. Perform work, including preventative measures during construction, in full 
compliance with AWWA C651. 

3. Perform disinfection using sodium hypochlorite complying with AWWA 
B300. 

4. Flush each segment of system to provide flushing velocity of not less than 
2.5 FT per second. 

5. Drain flushing water to sanitary sewer. 

a. Do not drain flushing water to receiving stream. 

6. Use continuous feed method of application. 

a. Tag system during disinfection procedure to prevent use. 

7. After required contact period, flush system to remove traces of heavily 
chlorinated water. 

8. After final flushing and before placing water in service, obtain an 
independent laboratory approved by the Owner to collect samples and test 
for bacteriological quality. 
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a. Repeat entire disinfection procedures until satisfactory results are 
obtained. 

9. Secure and deliver to Owner, satisfactory bacteriological reports on 
samples taken from system. 

a. Ensure sampling and testing procedures are in full compliance to 
AWWA C651, local water purveyor and applicable requirements of 
State of  Texas. 

3.10 LOCATION OF BURIED OBSTACLES 

A. Furnish exact location and description of buried utilities encountered and 
thrust block placement. 

B. Reference items to definitive reference point locations such as found property 
corners, entrances to buildings, existing structure lines, fire hydrants and 
related fixed structures. 

C. Include such information as location, elevation, coverage, supports and 
additional pertinent information. 

D. Incorporate information on "As-Recorded" Drawings. 

3.11 PIPE INSULATION 

A. Insulate pipe and pipe fittings in accordance with Division 15. 

3.12 SCHEDULES 

A. SPECIFICATION SCHEDULE - SYSTEM 1 

1. General: 

a. Piping symbol and service: 

1) PW and UW – Plant Water/Utility Water. 

b. Test requirements: 

1) Test medium:  Water. 

2) Pressure:  150 psig. 

3) Duration:  6 HRS. 

c. Gaskets: 

15060-25 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
PIPE AND PIPE FITTINGS:   Bid Package 2 – Plant 1-2 Improvements   
BASIC REQUIREMENTS WBS No. S-000056-0071-4    
 

1) See Section 15064. 

2. System components: 

a. Pipe size 4 IN and smaller: 

1) Exposed service: 

a) Material:  PVC, Type 1, Grade 1, Schedule 80. 

b) Reference:  ASTM D1785. 

c) Lining:  None. 

d) Coating:  Paint per 09905. 

e) Fittings:   

(1) 4 IN and smaller: Solvent welded socket type complying with 
ASTM D2467. 

(2) 4 IN and larger: Flanged (socket weld) 

f) Joints:  Solvent welded with unions at valves, penetrations 
through structures and equipment connections for pipe 4 IN and 
smaller and flanges at those locations for pipe larger than 4 IN. 

2) Buried service: 

a) Material:  PVC, Type 1, Grade 1, Schedule 80. 

b) Reference:  ASTM D1785. 

c) Lining:  None. 

d) Coating:  None. 

e) Fittings:  Solvent welded socket type complying with ASTM 
D2466. 

f) Joints:  Solvent welded. 

B. SPECIFICATION SCHEDULE - SYSTEM 2 

1. General: 

a. Piping symbol and service: 
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1) HFS – Hydrofluosilisic Acid 

2) FE/AL - Ferric Sulfate/Alum  

3) AM – Ammonium Hydroxide 

4) CA or CS – Caustic (Sodium Hydroxide) 

5) PEC – Coagulant Aid Polymer 

b. Test requirements pressure lines: 

1) Test medium:  Water. 

2) Pressure:  100 psig. 

3) Duration:  6 HRS. 

c. Test requirements vacuum lines: 

1) Test medium:  Air. 

2) Pressure: -27 IN HG. 

3) Duration:  6 HRS. 

d. Gaskets and O-rings (supplier to confirm chemical compatibility): 

1) Sodium hydroxide service: EPDM 

2) Other chemical services: Viton. 

2. System components: 

a. Pipe size 12 IN and smaller: 

1) Exposed service: 

a) Material:  PVC, Type 1, Grade 1, Schedule 80. 

b) Reference:  ASTM D1785. 

c) Lining:  None. 

d) Coating:   

(1) Exterior: Paint  

(2) Interior: Color banding only.  
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e) Labeling: See Section 10400.  

f) Fittings:   

(1) 4 IN and smaller: Solvent welded socket type complying with 
ASTM D2467. 

(2) 4 IN and larger: Flanged (socket weld) 

g) Joints:  Solvent welded with unions at valves, penetrations 
through structures and equipment connections for pipe 4 IN and 
smaller and flanges at those locations for pipe larger than 4 IN. 

2) Caustic (Sodium Hydroxide) Storage Tanks to Recirculation Pump 
Suction and Discharge (Exposed Service) 

a) Materials: Schedule 40S, Type 316 stainless steel per Section 
15065.  

3) Reference:  See Section 15065. 

4) Linings:  None. 

5) Coatings:  None. 

6) Fittings:  See Section 15065. 

7) Joints:   

a) Threaded (pipe to pipe connections). 

b) Flanged (connections to valves and equipment) 

b. Transfer Pump Discharge to Injection Location (Buried Service): 

1) Material:  PVC, Type 1, Grade 1, Schedule 80. 

2) Reference:  ASTM D1785. 

3) Lining:  None. 

4) Coating:  None. 

5) Fittings:  Solvent welded socket type complying with ASTM D2466. 

6) Joints:  Solvent welded. 

C. SPECIFICATION SCHEDULE - SYSTEM 3 
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1. General: 

a. Piping symbol and service: 

1) DRN – Drain (Pressure and Gravity)  

b. Test requirements pressure lines: 

1) Test medium:  Water. 

2) Pressure:  100 psig. 

3) Duration:  6 HRS. 

c. Gaskets and O-rings: 

1) O-rings and flanged joints:  Neoprene or rubber. 

2. System components: 

a. Pipe size 12 IN and smaller: 

1) Exposed service: 

a) Material:  PVC, Type 1, Grade 1, Schedule 80. 

b) Reference:  ASTM D1785. 

c) Lining:  None. 

d) Coating:  Paint. 

e) Fittings:   

(1) 4 IN and smaller: Solvent welded socket type complying with 
ASTM D2467. 

(2) 4 IN and larger: Flanged (socket weld) 

f) Joints:  Solvent welded with unions at valves, penetrations 
through structures and equipment connections for pipe 4 IN and 
smaller and flanges at those locations for pipe larger than 4 IN. 

2) Buried service: 

a) Material:  PVC, Type 1, Grade 1, Schedule 80. 

b) Reference:  ASTM D1785. 
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c) Lining:  None. 

d) Coating:  None. 

e) Fittings:  Solvent welded socket type complying with ASTM 
D2466. 

f) Joints:  Solvent welded. 

D. SPECIFICATION SCHEDULE - SYSTEM 4 

1. General: 

a. Piping symbol and service: 

1) PAC – Powder Activated Carbon Slurry 

b. Test requirements: 

1) Test medium:  Water. 

2) Pressure:  100 psig. 

3) Duration:  6 HRS. 

c. Gaskets and O-rings: 

1) See Section 15064 for PVC piping. 

2) See Section 15065 for stainless steel piping.  

2. System components: 

a. Storage Tanks to Transfer Pump Suction (Exposed Service) 

1) Materials: Schedule 40S, Type 316 stainless steel per Section 
15065.  

2) Reference:  See Section 15065. 

3) Linings:  None. 

4) Coatings:  None. 

5) Fittings:  See Section 15065. 

6) Joints:   
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a) Grooved mechanical coupling (pipe to pipe connections). 

b) Flange or threaded (connections to valves and equipment) 

b. Transfer Pump Discharge to Injection Location (Buried Service): 

1) Material:  PVC, Type 1, Grade 1, Schedule 80. 

2) Reference:  ASTM D1785. 

3) Lining:  None. 

4) Coating:  None. 

5) Fittings:  Solvent welded socket type complying with ASTM D2466. 

6) Joints:  Solvent welded. 

E. SPECIFICATION SCHEDULE - SYSTEM 5 

1. General: 

a. Piping symbol and service: 

1) LS - Lime Slurry 

b. Test requirements: 

1) Test medium:  Water. 

2) Pressure:  125 psig. 

3) Duration:  6 HRS. 

2. System components: 

a. Pipe size through 6 IN: 

1) Exposed service, rigid pipe: 

a) Material:  PVC, Type 1, Grade 1, Schedule 80. 

b) Reference:  ASTM D1785. 

c) Lining:  None. 

d) Coating:   

(1) Exterior: Paint  
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(2) Interior: Color banding only.  

e) Labeling: See Section 10400.  

f) Fittings:   

(1) 4 IN and smaller: Solvent welded socket type complying with 
ASTM D2467. 

(2) 4 IN and larger: Flanged (socket weld) 

g) Special Requirements for Lime Slurry Piping 

(1) Use rigid PVC piping for lime slurry service only where 
shown on the Drawings. These locations include: 

(a) Bulk tank fill piping 

(b) Pump suction and discharge piping immediately adjacent 
to pumps  

(c) Recirculation piping routed and supported vertically on 
the tank sidewalls 

(2) For all other lime system piping, provide flexible hose.   

(3) Use long-radius elbow fittings for rigid piping.  

2) Exposed service, flexible hose: 

a) Materials: Flexible hose with Type P (EPDM) cover (yellow 
corrugated with green spiral type); high tensile textile with steel 
wire helix reinforcement; Type P tube (EPDM, black) 

b) Linings: None. 

c) Coatings: Hose outer coating shall be UV resistant 

d) Joints:  

(1) Hose to hose connections: cam lever male/female coupling 

(2) Hose to flange connections: flange to barbed style hose 
connection as recommended by hose supplier   

F. SPECIFICATION SCHEDULE - SYSTEM 6 

1. General: 
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a. Piping symbol and service: 

1) PA – Plant Air 

b. Test requirements: 

1) Test medium:  Air. 

2) Pressure:  150 psig. 

3) Duration:  6 HRS. 

2. System components: 

a. Pipe size through 2 IN: 

1) Exposed service: 

a) Material:  Schedule 10S Type 316 stainless steel 

b) Reference:  Section 15065 

c) Lining: None 

d) Exterior Coating: None 

e) Fittings: See Section 15065 

f) Joints: Threaded and flanged 

g) Gaskets: Manufacturer’s standard for conditions of service 

2) Buried service: 

a) Material:  Schedule 10S Type 316 stainless steel 

b) Reference:  Section 15065 

c) Lining: None 

d) Exterior Coating: 25 mil polyethylene tape, Wraptite 300 or 
equal 

e) Fittings: See Section 15065 

f) Joints: Threaded 

g) Gaskets: Manufacturer’s standard for conditions of service 
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END OF SECTION 
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SECTION 15064 

PIPE:  PLASTIC 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Plastic pipe and fittings. 

B. Related Sections include but are not necessarily limited to: 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 - General Requirements. 

3. Section 15060 - Pipe and Pipe Fittings:  Basic Requirements. 

1.02 QUALITY ASSURANCE 

A. See Section 15060. 

B. Referenced Standards: 

1. ASTM International (ASTM): 

a. PVC (polyvinyl chloride) materials: 

1) D1784, Standard Specification for Rigid Poly(Vinyl Chloride) 
(PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) 
Compounds. 

2) D1785, Standard Specification for Poly(Vinyl Chloride) PVC 
Plastic Pipe, Schedules 40, 80 and 120. 

3) D2467, Standard Specification for Poly(Vinyl Chloride) (PVC) 
Plastic Pipe Fittings, Schedule 80. 

4) D3034, Standard Specification for Type PSM Poly(Vinyl Chloride) 
(PVC) Sewer Pipe and Fittings. 

5) D3139, Standard Specification for Joints for Plastic Pressure Pipes 
Using Flexible Elastomeric Seals. 
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6) D3212, Standard Specification for Joints for Drain and Sewer 
Plastic Pipes Using Flexible Elastomeric Seals. 

7) F593, Standard Specification for Stainless Steel Bolts, Hex Cap 
Screws, and Studs. 

8) F679, Standard Specification for Poly(Vinyl Chloride) (PVC) Large-
Diameter Plastic Gravity Sewer Pipe and Fittings. 

9) F794, Standard Specification for Poly(Vinyl Chloride) (PVC) Profile 
Gravity Sewer Pipe and Fittings Based on Controlled Inside 
Diameter. 

10) F949, Standard Specification for Poly(Vinyl Chloride) (PVC) 
Corrugated Sewer Pipe with a Smooth Interior and Fittings. 

11) F758-95, Standard Specification for Smooth-Wall Poly(Vinyl 
Chloride) (PVC) Plastic Underdrain Systems for Highway, Airport, 
and Similar Drainage 

b. Installation: 

1) D2321, Standard Practice for Underground Installation of 
Thermosplastic Pipe for Sewers and Other Gravity-Flow 
Applications. 

2. American Water Works Association (AWWA): 

a. PVC (polyvinyl chloride) materials: 

1) C900, Standard for Polyvinyl Chloride (PVC) Pressure Pipe and 
Fabricated Fittings, 4 IN Through 12 IN, for Water Distribution. 

2) C905, Standard for Polyvinyl Chloride (PVC) Pressure Pipe and 
Fabricated Fittings, 14 IN through 48 IN, for Water Transmission 
and Distribution. 

b. Polyethylene (PE) materials: 

1) C901, Standard for Polyethylene (PE) Pressure Pipe and Tubing, 
1/2 IN through 3 IN, for Water Service. 

3. NSF International (NSF). 
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1.03 SUBMITTALS 

A. See Section 01340 for requirements for the mechanics and administration of 
the submittal process. 

B. See Section 15060. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Schedule 80 PVC and CPVC Pipe and Fittings: 

a. Ipex, Inc. 

b. Approved equal 

2. AWWA PVC Pipe: 

a. JM Eagle 

b. North American Pipe 

c. Approved equal 

3. Flange Gaskets 

a. Proco Series 9013-ET 

b. Approved equal 

4. Solvent Cement 

a. Weld-On CPVC 724 by IPS Corp 

b. Oatey Industrial Grade Low VOC Heavy Duty Gray 

5. PTFE Thread Seal Tape 

a. Blue Monster 

b. Approved equal 
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2.02 PVC AND CPVC PRESSURE PIPING (EXPOSED) 

A. General: 

1. Provide Schedule 80 pipe with Schedule 80 fittings and appurtenances to 
locations shown on Drawings. 

2. Furnish materials in full compliance to following material specifications: 

a. Manufacture pipe, fittings and appurtenances from polyvinyl chloride 
(PVC) compound which meets the requirements of Type 1, Grade 1 
(12454-B) Polyvinyl Chloride as outlined in ASTM D1784 or from 
chlorinated polyvinyl chloride (CPVC) compound which meets the 
requirements of ASTM D1784, Class 23447 in accordance with ASTM 
F441, CPVC 4120. 

b. Manufacture pipe, fittings and valves from materials that have been 
tested and approved for conveying potable water by the NSF. 

B. Pipe: 

1. Furnish pipe meeting requirements of ASTM D1785. 

2. Pipe 4 IN and smaller to be solvent welded. 

3. Pipe larger than 4 IN shall be flanged unless shown otherwise on 
Drawings. 

C. Fittings:  Provide ASTM D2467 (PVC) or ASTM F439 (CPVC) socket type 
fittings having the same pressure and temperature rating as the pipe. 

D. Flanges/Unions: 

1. Furnish flanges and unions at locations shown on Drawings. 

2. Provide either flanges or unions at valves, penetrations through structures 
and equipment connections. 

a. For pipe larger than 4 IN, provide 150 LB socket type PVC or CPVC 
flange. 

b. For pipe 4 IN and smaller, provide socket type PVC or CPVC union 
with Buna O-rings. 

3. Use low torque, full faced EPDM gaskets with dual concentric, convex 
sealing rings; PTFE film bonded to the rubber.  
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a. Furnish heavy hex head bolts, each with one heavy hex nut, ASTM 
F593 Type 316 stainless steel. 

4. Use spacers supplied by pipe manufacturer when mating raised-faced 
flanges to other flanges. 

2.03 PRESSURE PIPING (UNDERGROUND) 

A. Materials:  Furnish materials in full compliance with following requirements: 

1. 1/2-3 IN:  AWWA C901 PE with Pressure Class as noted in Section 15060  

2. 4-12 IN:  AWWA C900 PVC with Pressure Class as noted in Section 
15060  

3. 14-36 IN:  AWWA C905 PVC (DR as noted in Section 15060) 

B. Fittings 

1. Cast or ductile iron conforming to AWWA C110 and C153 (See Section 
02501). 

C. Joints  

1. Elastomeric-gasket type with a pressure rating not less than pipe pressure 
rating meeting performance requirements of ASTM D3139. 
 

2. Restrained fitting joints shall be made using EBAA Iron Series 2000 PV or equal     
model by Star Pipe Products. Restraint of push-on joints shall be made 
using EBAA Iron Series 1500/2800 or equal model by Star Pipe Products. 
Devices shall meet the requirements of ASTM F1674. Wedges, glands, T-
bolts, and nuts shall be factory coated with manufacturer’s standard 
fluoropolymer or thermoset epoxy coating. 

2.04 PVC DRAINAGE, SEWER PIPING AND UNDERGROUND AIR DUCTS 

A. Materials: 

1. Furnish materials in full compliance to the following material specification. 

2. PVC pipe shall be rigid, unplasticized polyvinyl chloride (PVC) made of 
PVC plastic having a cell classification of 12454-B or 12454-C as 
described in specification ASTM D1784. 

3. The requirements of this Specification are intended to provide for pipe and 
fittings suitable for non-pressure drainage of wastewater and surface 
water. 
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4. Joining systems shall consist of an elastomeric gasket joint meeting 
requirements of ASTM D3212. 

5. Supply to the Engineer all information and sample of joining method for his 
evaluation. 

a. Only jointing methods acceptable to the Engineer will be permitted. 

6. Provide pipe and fittings meeting or exceeding the following requirements: 

a. 4-27 IN DIA:  ASTM D3034 and ASTM F679, SDR 21. 

b. 8-30 IN DIA:  ASTM F794. 

c. 4-18 IN DIA:  ASTM F949. 

7. Ensure impact strengths and pipe stiffnesses in full compliance to these 
Specifications. 

2.05 PVC TUBING 

A. General:  Provide nylon tubing with fittings and appurtenances as shown on 
Drawings. 

B. Materials: 

1. Furnish clear outer braided tubing with braid outside the walls. 

2. Have tubing manufactured of nylon with working temperatures from 5 to 
180 DegF. 

3. Design tubing with a minimum safety factor of 4 to 1 ratio of burst pressure 
to working pressure at maximum temperature. 

4. Provide tubing with working pressure of 75 psi at 180 DegF. 

5. Ensure that tubing is self-extinguishing and fire resistant. 

C. Fittings: 

1. Install tubing with nylon fittings and connectors. 

2. Use barbed type adapters with stainless steel clamps. 

3. Provide fittings capable of withstanding temperatures from a -70 to 250 
Deg F. 

15064-6 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 PIPE:  PLASTIC 
 

4. Ensure fittings have the same pressure and temperature rating as the 
tubing. 

PART 3: EXECUTION 

3.01 IDENTIFICATION 

A. Identify each length of pipe clearly at intervals of 5 FT or less. 

1. Include manufacturer's name and trademark. 

2. Nominal size of pipe, appurtenant information regarding polymer cell 
classification and critical identifications regarding performance 
specifications and NSF approvals when applicable. 

3.02 INSTALLATION 

A. Pressure Piping (Underground) 

1. Perform installation procedures, handling, thrust blocking, connections, 
and other appurtenant operations in full compliance to the manufacturer's 
printed recommendations and in full observance to plan details when more 
stringent. 

B. PVC and CPVC Pressure Piping 

1. Field threading of PVC and CPVC pipe will not be permitted. 

2. Use solvent cement specified herein for all socket joints.  

3. Use thread seal tape for all service. Confirm chemical compatibility with 
manufacturer.  

C. PVC Drainage, Sewer Piping and Underground Air Ducts 

1. Install pipe and fittings in accordance with ASTM D2321 and as 
recommended by the manufacturer. 

2. Provide for a maximum deflection of not more than 3 percent. 

3. Infiltration and Exfiltration: 

a. The maximum allowable infiltration measured by test shall not exceed 
100 GAL per inch of pipe diameter per mile per 24 HRS. 

b. For exfiltration, all the pipe and fittings shall exceed performance 
requirements by an air test procedure as specified in Section 15060. 

15064-7 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements  

PIPE: PLASTIC WBS No. S-000056-0071-4  
 

c. Observe full instructions of the Engineer for carrying of testing 
procedures. Perform tests only during presence of the Engineer or his 
authorized representative. 

d. Should any test on any section of pipe line disclose either infiltration 
rates greater than allowed or disclose air loss rate greater than that 
permitted, locate and repair the defective joints or pipes at no cost to 
Owner and retest until requirements stated are met. 

4. Deflection: 

a. After backfilling, each section of pipe shall be checked for deflection by 
pulling a mandrel through the pipe. 

b. Pipe with deflection exceeding 5 percent of the inside diameter shall 
have backfill removed and replaced to provide a deflection of less than 
5 percent. 

c. Any repaired pipe shall be retested. 

D. PVC Tubing 

1. Install tubing with nylon fittings and connectors. 

2. Use barbed type adapters with stainless steel clamps. 

3. Provide fittings capable of withstanding temperatures from a -70 to 250 
Deg F. 

4. Ensure fittings have the same pressure and temperature rating as the 
tubing. 

3.03 TESTING 

A. Test piping systems in accordance with 15060. 

3.04 PAINTING AND LABELING 

A. Paint exterior piping in accordance with 09905. Color scheme shall be in 
accordance with TCEQ requirements and shall match existing plant color 
schemes. 

B. Label all piping in accordance with 10400.  
 

END OF SECTION 
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SECTION 15065 

PIPE:  STAINLESS STEEL 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Stainless steel piping, fittings, and appurtenances. 

B. Related Sections include but are not necessarily limited to: 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 - General Requirements. 

3. Section 15060 - Pipe and Pipe Fittings:  Basic Requirements. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards 

1. ASTM International (ASTM) 

a. A774: Standard Specification for Welded Austenitic Stainless Steel Fittings.     

b. A778: Standard Specification for Welded, Unannealed Austenitic 
Stainless Steel tubular Products. 

B. Qualifications 

1. Use only certified welders meeting procedures and performance outlined 
in ASME Section IX, AWWA C200 Section 3.3.3 and other codes and 
requirements per local building and utility requirements. 

2. Manufacturers shall be certified under S.P.F.A. or I.S.O. quality 
certification program for stainless steel pipe and accessory manufacturing. 

3. Finished pipe shall be the product of a single manufacturer.  Piping 
manufacturing operations shall be performed under the control of the pipe 
manufacturer. 

4. The pipe manufacturer shall not have less than 5 years successful 
experience manufacturing pipe of the particular size and type indicated. 
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1.03 SUBMITTALS 

A. Shop Drawings: 

1. See Section 01340 for requirements for the mechanics and administration 
of the submittal process. 

2. See Section 15060. 

3. Factory test reports. 

4. If mechanical grooved type coupling system is used, submit piping, 
fittings, and appurtenant items which will be utilized. 

5. Welders certificates. 

1.04 DELIVERY, STORAGE AND HANDLING 

1. See Section 01610. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Mechanical couplings: 

a. Victaulic Style 89 (rigid) 

b. Victualic Style 107 (rigid) 

2.02 MATERIAL 

A. Pipe Steel 

1. Be of continuous casting 

2. Be homogeneous 

3. Be fully kilned 

4. Be fine austenitic grain size 

5. Fabricated from steel sheet conforming to ASTM A778 Type 304L or                                           
316L (as scheduled in Section 15060).  
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6. Carbon content shall be 0.35 percent maximum. 

7. Finish shall be No. 1 or No. 2B. 

8. Meet requirements of AWWA C220. 

B. Fittings  

1. Fabricated from steel sheet conforming to ASTM A774 Type 304L or                              
316L (as scheduled in Section 15060).         

C. Flanges 

1. Material type to match connecting piping. 

2. Meet the requirements of AWWA C207.      

3. AWWA Class as noted in the piping schedules in Section 15060. 

D. Gaskets: See Section 15060 for schedule and material requirements. 

2.03 MANUFACTURED UNITS 

A. Couplings: 

1. Flanged adaptors: 

a. Carbon steel body sleeve, flange, followers and Grade 30 rubber 
gaskets. 

b. Provide units specified in Article 2.1. 

c. Flanges meeting standards of adjoining flanges. 

d. Entire assembly to be rated for test pressure specified in Section 
15060 for each respective application. 

2. Compression sleeve coupling: 

a. Steel sleeve, followers Grade 30 and rubber gaskets. 

b. Provide units specified in Article 2.1. 

c. Flanges meeting standards of adjoining flanges. 

d. Entire assembly to be rated for test pressure specified in Section 
15060 for each respective application. 
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e. Provide field coating for buried couplings per AWWA C203. 

3. Mechanical coupling joint: 

a. Use of mechanical grooved type couplings and fittings in lieu of flanged 
joints is acceptable where specifically specified in Section 15060 or 
shown on the Drawings. 

b. Utilize units defined in Article 2.1. Provide rigid type unless specified 
otherwise in Section 15060 or shown on the Drawings. 

c. Couplings shall have ASTM A-536 ductile iron housings with hot-dip 
galvanized finish, EPDM gaskets, and Type 316 stainless steel 
hardware. 

2.04 PERFORMANCE AND DESIGN CRITERIA 

A. Pipe and Fittings 

1. Pipe shall be die formed or rolled true to dimension and round. Tolerances 
for length, inside and outside diameter and straightness shall conform to 
ASTM A530. The two edges of sheet shall be brought to line so as to not 
leave a shoulder on the inside of the pipe. Ends of pipe and fittings shall 
be perpendicular to the longitudinal axis. Longitudinal seams on pipe and 
fittings shall be welded by either tungsten gas or metallic gas method. The 
interior welds shall be smooth, even and not have an internal bead higher 
than 1/16 IN.  

2. Wall thickness shall be designed for the working pressure specified in 
Section 15060. Wall thickness shall not be less than the minimum pipe 
schedule noted in Section 15060.  

3. Inside pipe diameter shall be a minimum of the nominal pipe diameter 
specified, unless noted otherwise on the Drawings. 

B. Pipe segments and assemblies shall be shop fabricated with end types as 
scheduled in Section 15060 and as specified herein. 

1. Flanges:  

a. Welded neck or slip-on, ANSI B16.1 125 lb 

b. AWWA Class as indicated in Section 15060 

2. Screwed Ends 

a. NPT threads per ANSI/ASME B16.11. 
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3. Grooved Ends 

a. Roll grooved or cut grooved as recommended by coupling 
manufacturer.   

2.05 SHOP WELDING 

A. Shop welding of fabrications shall be done according to the procedures and 
by welders certified per ASME Section IX.  Welds shall be by an inert gas 
shielding process using only extra low carbon filler metals.  Welds shall have 
a bead height of no more than 1/16-inch.. Butt welds shall have 100 percent 
penetration to the interior or backside of the weld joint.  Cross-sectional 
thickness of welds shall be equal or greater than that of the parent metal. 

2.06 SOURCE QUALITY CONTROL 

A. Shop hydrostatic test pipe and fittings in accordance with AWWA C200. 

B. Test 5 percent of all fitting welds using ultrasonic or radiography testing performed by  
   an independent certified welding inspector.   

2.07 SHOP CLEANING 

A. Remove all carbon deposits, greases, and oils by pickling and neutralization 
to aid the regeneration of a uniform corrosion resistant chromium oxide film.  
Completely immerse all stainless steel assemblies and parts after welding 
and brushing in a pickling solution as described in Section 6.2.11 of ASTM 
A380-88.  The solution shall be a nitric hydrofluoric solution as defined in 
table A.2.1 of Annex a2 of ASTM A30.  Provide a final rinse using ordinary 
industrial or potable water and dry in conformance per Section 8.3 of ASTM 
A380.  All stainless steel pipe and fittings shall be pickled at the point of 
manufacturer. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. General 

1. Stainless steel pipe shall be installed in a neat and workmanlike manner, 
properly aligned and cut from measurements taken at the Site to avoid 
interferences with structural members, architectural features, openings, 
and equipment.  Exposed pipe shall afford maximum headroom and 
access to equipment, and where necessary all piping shall be installed 
with sufficient slopes for venting or drainage of liquids and condensate to 
low points.  Installation shall be acceptable to the Engineer. 
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B. Threaded Joints 

1.  Pipe threads shall conform to ANSI/ASME B 1.20.1 - Pipe Threads, 
General Purpose (inch), and shall be full and cleanly cut with sharp dies.  
Not more than three threads shall remain exposed after installation. 

C. Flanged Joints: 

1. Leave 1/8 to 3/8 IN of flange bolts projecting beyond face of nut after 
tightening. 

2. Coordinate dimensions and drillings of flanges with flanges for valves, 
pumps, equipment, tank, and other interconnecting piping systems. 

3. When bolting flange joints, exercise extreme care to assure that there is 
no restraint on opposite end of pipe or fitting which would prevent uniform 
gasket compression or cause unnecessary stress, bending or torsional 
strains being applied to cast flanges or flanged fittings. 

a. Allow one flange free movement in any direction while bolts are being 
tightened. 

4. Do not assemble adjoining flexible coupled, mechanical coupled or welded 
joints until flanged joints in piping system have been tightened. 

5. Gradually tighten flange bolts uniformly to permit even gasket 
compression. 

6. Do not overstress bolts to compensate for poor installation. 

D. Field welding will not be allowed unless approved by the Engineer.  

E. Mechanical Couplings: 

1. Compression sleeve: 

a. Install coupling to allow space of not less than 1/4 IN but not more than 
1 IN. 

b. Provide harnessed joint. 

1) Use joint harness arrangements detailed in AWWA M11. 

c. Design harness assembly with adequate number of tie rods for test 
pressures indicated in Section 15060 and allow for expansion of pipe. 

d. Provide ends to be joined or fitted with compression sleeve couplings 
of the plain end type. 
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e. Grind smooth welds the length of one (1) coupling on either side of 
joint to be fitted with any coupling. 

f. Assure that outside diameter and out-of-round tolerances are within 
limits required by coupling manufacturer. 

2. Mechanical coupling: 

a. Arrange piping so that pipe ends are in full contact. 

b. Groove and shoulder ends of piping in accordance with manufacturer's 
recommendations. 

c. Provide coupling and grooving technique assuring a connection which 
passes pressure testing requirements. 

F. Supports and Anchors 

1. Piping shall be firmly supported with fabricated or commercial hangers or 
supports in accordance with Section 15090 - Pipe Support Systems.  
Where necessary to avoid stress on equipment or structural members, the 
pipe shall be anchored or harnessed.  Expansion joints and guides shall 
compensate for pipe expansion due to temperature differences. 

G. Valves and Unions 

1. Unless otherwise indicated, connections to fixtures, groups of fixtures, and 
equipment shall be provided with a shutoff valve and union, unless the 
valve has flanged ends.  Unions shall be provided at threaded valves, 
equipment, and other devices requiring occasional removal or 
disconnection. 

3.02 INSPECTION AND FIELD TESTING 

A. Inspection:  The finished installation shall be carefully inspected for proper 
supports, anchoring, interferences, and damage to pipe, fittings, and coating.  
Damage shall be repaired to the satisfaction of the Engineer. 

B. Pressure test piping in accordance with Section 15060. 

3.03 CLEANING AND DISINFECTION 

A. Remove all rocks and debris from piping prior to commissioning. Disinfect 
potable water lines per Section 15060.  

 
END OF SECTION 
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15071 

VIBRATION CONTROLS FOR HVAC 

PART 1: GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.02 SUMMARY 

A. This Section includes the following: 

1. Elastomeric hangers. 

2. Spring hangers. 

3. Concrete equipment bases. 

1.03 DEFINITIONS 

A. Av:  Effective peak velocity related acceleration coefficient. 

B. OSHPD:  Office of Statewide Health Planning & Development for the State of 
California.  OSHPD assigns a unique anchorage preapproval “R” number to 
each seismic restraint it tests.  The number describes a specific device 
applied as tested. 

1.04 SUBMITTALS 

A. Product Data:  Include load deflection curves for each vibration isolation 
device. 

1.05 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into 
base.   

B. Coordinate installation of roof curbs, equipment supports, and roof 
penetrations.   
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PART 2: PRODUCTS 

2.01 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the 
following requirements apply for product selection: 

1. Manufacturers:  Subject to compliance with requirements, provide 
products by the manufacturers specified. 

2.02 VIBRATION ISOLATORS 

A. Manufacturers: 

1. Ace Mounting Co., Inc. 

2. Amber/Booth Company, Inc. 

3. B-Line Systems, Inc. 

4. California Dynamics Corp. 

5. Isolation Technology, Inc. 

6. Kinetics Noise Control, Inc. 

7. Mason Industries, Inc. 

8. Vibration Eliminator Co., Inc. 

9. Vibration Isolation Co., Inc. 

10. Vibration Mountings & Controls/Korfund. 

B. Elastomeric Hangers:  Double-deflection type, with molded, oil-resistant 
rubber or neoprene isolator elements bonded to steel housings with threaded 
connections for hanger rods.  Color-code or otherwise identify to indicate 
capacity range. 

C. Spring Hangers:  Combination coil-spring and elastomeric-insert hanger with 
spring and insert in compression. 

1. Frame:  Steel, fabricated for connection to threaded hanger rods and to 
allow for a maximum of 30 degrees of angular hanger-rod misalignment 
without binding or reducing isolation efficiency. 

2. Outside Spring Diameter:  Not less than 80 percent of the compressed 
height of the spring at rated load. 
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3. Minimum Additional Travel:  50 percent of the required deflection at rated 
load. 

4. Lateral Stiffness:  More than 80 percent of the rated vertical stiffness. 

5. Overload Capacity:  Support 200 percent of rated load, fully compressed, 
without deformation or failure. 

6. Elastomeric Element:  Molded, oil-resistant rubber or neoprene.  Steel-
washer-reinforced cup to support spring and bushing projecting through 
bottom of frame. 

2.03 FACTORY FINISHES 

A. Manufacturer’s standard prime-coat finish ready for field painting. 

B. Finish:  Manufacturer’s standard paint applied to factory-assembled and -
tested equipment before shipping. 

1. Powder coating on springs and housings. 

2. All hardware shall be electro-galvanized.  Hot-dip galvanized metal 
components for exterior use. 

3. Baked enamel for metal components on isolators for interior use. 

4. Color-code or otherwise mark vibration isolation and seismic-control 
devices to indicate capacity range. 

PART 3: EXECUTION 

3.01 EXAMINATION 

A. Examine areas and equipment to receive vibration isolation devices for 
compliance with requirements, installation tolerances, and other conditions 
affecting performance. 

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify 
actual locations before installation. 

C. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.02 INSTALLATION 

A. Install roof curbs, equipment supports, and roof penetrations as specified in 
drawings. 

15071-3 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

VIBRATION CONTROLS FOR HVAC  WBS No. S-000056-0071-4 

B. Install resilient bolt isolation washers on equipment anchor bolts. 

3.03 EQUIPMENT BASES 

A. Concrete Bases:  Anchor equipment to concrete base according to supported 
equipment manufacturer’s written instructions for seismic codes at Project 
site. 

1. Install dowel rods to connect concrete base to concrete floor.  Unless 
otherwise indicated, install dowel rods on 18-inch (450-mm) centers 
around the full perimeter of the base. 

2. Install epoxy-coated anchor bolts for supported equipment that extend 
through concrete base and anchor into structural concrete floor. 

3. Place and secure anchorage devices.  Use Setting Drawings, templates, 
diagrams, instructions, and directions furnished with items to be 
embedded. 

4. Install anchor bolts to elevations required for proper attachment to 
supported equipment. 

5. Install anchor bolts according to anchor-bolt manufacturer’s written 
instructions. 

6. Cast-in-place concrete materials and placement requirements are 
specified in Division 03. 

3.04 FIELD QUALITY CONTROL 

A. Testing:  Engage a qualified testing agency to perform the following field 
quality-control testing: 

3.05 ADJUSTING 

A. Torque anchor bolts according to equipment manufacturer’s written 
recommendations to resist seismic forces. 

3.06 CLEANING 

A. After completing equipment installation, inspect vibration isolation and 
seismic-control devices.  Remove paint splatters and other spots, dirt, and 
debris. 

3.07 VIBRATION ISOLATOR AND SEISMIC-RESTRAINT SCHEDULE 

A. Air Handling Unit Fans: 
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1. Equipment Location:  Suspended. 

2. Isolator Type:  Spring hangers. 

3. Base Type:  AHU base by equipment manufacturer. 

4. Minimum Deflection:  1.75 inches unless noted otherwise. 

B. Vaneaxial Fans:  Kitchen Hood Make-up Fan, Combination Grease, Smoke 
and Odor Removal Units, and above Ceiling Liebert – type units. 

1. Equipment Location:  Suspended above ceiling/deck. 

2. Isolator Type:  Spring hangers. 

3. Base Type:  Structural steel frame furnished with fan. 

4. Minimum Deflection:  1.75 inches unless noted otherwise. 

C. Unit Heaters: 

1. Equipment Location: Suspended. 

2. Isolator Type:  Elastomeric hangers. 

3. Base Type:  None. 

4. Minimum Deflection:  0.25 inches. 

END OF SECTION
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15076 

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1: GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.02 SUMMARY 

A. This Section includes the following mechanical identification materials and 
their installation: 

1. Equipment nameplates. 

2. Equipment markers. 

3. Equipment signs. 

4. Access panel and door markers. 

5. Duct markers. 

6. Warning tags. 

1.03 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

1.04 QUALITY ASSURANCE 

A. ASME Compliance:  Comply with ASME A13.1, “Scheme for the Identification 
of Piping Systems,” for letter size, length of color field, colors, and viewing 
angles of identification devices for piping. 

1.05 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and 
painting of surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with location of access panels 
and doors. 
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C. Install identifying devices before installing acoustical ceilings and similar 
concealment. 

PART 2: PRODUCTS 

2.01 EQUIPMENT IDENTIFICATION DEVICES 

A. Equipment Nameplates:  Metal, with data engraved or stamped, for 
permanent attachment on equipment. 

1. Data: 

a. Manufacturer, product name, model number, and serial number. 

b. Capacity, operating and power characteristics, and essential data. 

c. Labels of tested compliances. 

2. Location:  Accessible and visible. 

3. Fasteners:  As required to mount on equipment. 

B. Equipment Markers:  Engraved, color-coded laminated plastic.  Include 
contact-type, permanent adhesive. 

1. Terminology:  Match schedules as closely as possible. 

2. Data: 

a. Name and plan number. 

b. Equipment service. 

c. Design capacity. 

d. Other design parameters such as pressure drop, entering and leaving 
conditions, and speed. 

3. Size:  2-1/2 by 4 inches (64 by 100 mm) for control devices, dampers, and 
valves; 4-1/2 by 6 inches (115 by 150 mm) for equipment. 

C. Equipment Signs:  ASTM D709, Type I, cellulose, paper-base, phenolic-resin-
laminate engraving stock; Grade ES-2, black surface, black phenolic core, 
with white melamine subcore, unless otherwise indicated.  Fabricate in sizes 
required for message.  Provide holes for mechanical fastening. 

1. Data:  Instructions for operation of equipment and for safety procedures. 
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2. Engraving:  Manufacturer’s standard letter style, of sizes and with terms to 
match equipment identification. 

3. Thickness:  1/16 inch (1.6 mm) for units up to 20 sq. in. (130 sq. cm) or 8 
inches (200 mm) in length, and 1/8 inch (3.2 mm) for larger units. 

4. Fasteners:  Self-tapping, stainless-steel screws or contact-type, 
permanent adhesive. 

D. Access Panel and Door Markers:  1/16-inch (1.6-mm) thick, engraved 
laminated plastic, with abbreviated terms and numbers corresponding to 
identification.  Provide 1/8-inch (3.2-mm) center hole for attachment. 

1. Fasteners:  Self-tapping, stainless-steel screws or contact-type, 
permanent adhesive. 

2.02 DUCT IDENTIFICATION DEVICES 

A. Duct Markers:  Engraved, color-coded laminated plastic.  Include direction 
and quantity of airflow and duct service (such as supply, return, and exhaust).  
Include contact-type, permanent adhesive. 

2.03 WARNING TAGS 

A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags; of 
plasticized card stock with matte finish suitable for writing. 

1. Size:  Approximately 4 by 7 inches (100 by 178 mm). 

2. Fasteners:  Brass grommet and wire. 

3. Nomenclature:  Large-size primary caption such as DANGER, CAUTION, 
or DO NOT OPERATE. 

4. Color:  Yellow background with black lettering. 

PART 3: EXECUTION 

3.01 APPLICATIONS, GENERAL 

A. Products specified are for applications referenced in other Division 15 
Sections.  If more than single-type material, device, or label is specified for 
listed applications, selection is Installer’s option. 
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3.02 EQUIPMENT IDENTIFICATION 

A. Install and permanently fasten equipment nameplates on each major item of 
mechanical equipment that does not have nameplate or has nameplate that is 
damaged or located where not easily visible.  Locate nameplates where 
accessible and visible. 

B. Install equipment markers with permanent adhesive on or near each major 
item of mechanical equipment.  Data required for markers may be included on 
signs, and markers may be omitted if both are indicated. 

1. Letter Size:  Minimum 1/4 inch (6.4 mm) for name of units if viewing 
distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing 
distances up to 72 inches (1830 mm), and proportionately larger lettering 
for greater viewing distances.  Include secondary lettering 2/3 to 3/4 the 
size of principal lettering. 

2. Data:  Distinguish among multiple units, indicate operational requirements, 
indicate safety and emergency precautions, warn of hazards and improper 
operations, and identify units. 

3. Locate markers where accessible and visible.  Include markers for the 
following general categories of equipment: 

a. Heat exchangers, coils, evaporators, cooling towers, heat recovery 
units, and similar equipment. 

b. Fans, blowers, primary balancing dampers, and mixing boxes. 

c. Packaged HVAC central-station and zone-type units. 

C. Install equipment signs with screws or permanent adhesive on or near each 
major item of mechanical equipment.  Locate signs where accessible and 
visible. 

1. Identify mechanical equipment with equipment markers in the following 
color codes: 

a. Green:  For cooling equipment and components. 

b. Yellow:  For heating equipment and components. 

c. Green and Yellow:  For combination cooling and heating equipment 
and components. 

d. Brown:  For energy-reclamation equipment and components. 
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2. Letter Size:  Minimum 1/4 inch (6.4 mm) for name of units if viewing 
distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing 
distances up to 72 inches (1830 mm), and proportionately larger lettering 
for greater viewing distances.  Include secondary lettering 2/3 to 3/4 the 
size of principal lettering. 

3. Data:  Distinguish among multiple units, indicate operational requirements, 
indicate safety and emergency precautions, warn of hazards and improper 
operations, and identify units. 

D. Install access panel markers with screws on equipment access panels. 

3.03 DUCT IDENTIFICATION 

A. Install duct markers with permanent adhesive on air ducts in the following 
color codes: 

1. Green:  For cold-air supply ducts. 

2. Yellow:  For hot-air supply ducts. 

3. Blue:  For exhaust-, outside-, relief-, return-, and mixed-air ducts. 

4. ASME A13.1 Colors and Designs:  For hazardous material exhaust. 

5. Letter Size:  Minimum 1/4 inch (6.4 mm) for name of units if viewing 
distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing 
distances up to 72 inches (1830 mm), and proportionately larger lettering 
for greater viewing distances.  Include secondary lettering 2/3 to 3/4 the 
size of principal lettering. 

B. Locate markers near points where ducts enter into concealed spaces and at 
maximum intervals of 50 feet (15 m) in each space where ducts are exposed 
or concealed by removable ceiling system. 

3.04 WARNING-TAG INSTALLATION 

A. Write required message on, and attach warning tags to, equipment and other 
items where required. 

3.05 ADJUSTING 

A. Relocate mechanical identification materials and devices that have become 
visually blocked by other work. 
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3.06 CLEANING 

A. Clean faces of mechanical identification devices and glass frames of valve 
schedules. 

END OF SECTION 
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15081 

DUCT INSULATION 

PART 1: GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.02 SUMMARY 

A. This Section includes semi-rigid and flexible duct, plenum, and breeching 
insulation; insulating cements; field-applied jackets; accessories and 
attachments; and sealing compounds. 

1.03 SUBMITTALS 

A. Product Data:  Identify thermal conductivity, thickness, and jackets (both 
factory and field applied, if any), for each type of product indicated. 

B. Material Test Reports:  From a qualified testing agency acceptable to 
authorities having jurisdiction indicating, interpreting, and certifying test 
results for compliance of insulation materials, sealers, attachments, cements, 
and jackets with requirements indicated.  Include dates of tests. 

C. Installer Certificates:  Signed by the Contractor certifying that installers 
comply with requirements. 

1.04 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed 
an apprenticeship program or another craft training program certified by the 
U.S. Department of Labor, Bureau of Apprenticeship and Training. 

B. Fire-Test-Response Characteristics:  As determined by testing materials 
identical to those specified in this Section according to ASTM E84, by a 
testing and inspecting agency acceptable to authorities having jurisdiction.  
Factory label insulation and jacket materials and sealer and cement material 
containers with appropriate markings of applicable testing and inspecting 
agency. 

1. Insulation Installed Indoors:  Flame-spread rating of 25 or less, and 
smoke-developed rating of 50 or less. 
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2. Insulation Installed Outdoors:  Flame-spread rating of 75 or less, and 
smoke-developed rating of 150 or less. 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Ship insulation materials in containers marked by manufacturer 
with appropriate ASTM specification designation, type and grade, and 
maximum use temperature. 

1.06 COORDINATION 

A. Coordinate clearance requirements with duct Installer for insulation 
application. 

1.07 SCHEDULING 

A. Schedule insulation application after testing duct systems.  Insulation 
application may begin on segments of ducts that have satisfactory test 
results. 

PART 2: PRODUCTS 

2.01 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. Mineral-Fiber Insulation: 

a. CertainTeed Manson. 

b. Knauf FiberGlass GmbH. 

c. Owens-Corning Fiberglas Corp. 

d. Schuller International, Inc. 

2.02 INSULATION MATERIALS 

A. Mineral-Fiber Board Thermal Insulation:  Glass fibers bonded with a 
thermosetting resin.  Comply with ASTM C612, Type IB, without facing and 
with all-service jacket manufactured from kraft paper, reinforcing scrim, 
aluminum foil, and vinyl film.  (ASTM C612, Type III for operating 
temperatures higher than 850 F (454 C)). 
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B. Mineral-Fiber Blanket Thermal Insulation:  0.75 lb./ft3, glass fibers bonded 
with a thermosetting resin.  Comply with ASTM C553, Type II, without facing 
and with all-service jacket manufactured from kraft paper, reinforcing scrim, 
aluminum foil, and vinyl film.  (ASTM C553, Type V for operating 
temperatures higher than 850 F (454 C)). 

2.03 ACCESSORIES AND ATTACHMENTS 

A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and 
Type II for tape.  Woven glass-fiber fabrics, plain weave, presized a minimum 
of 8 oz./sq. yd. (270 g/sq. m). 

1. Tape Width:  4 inches (100 mm). 

B. Bands:  3/4 inch (19 mm) wide, in one of the following materials compatible 
with jacket: 

1. Stainless Steel:  ASTM A66, Type 304; 0.020 inch (0.5 mm) thick. 

2. Galvanized Steel:  0.005 inch (0.13 mm) thick. 

3. Aluminum:  0.007 inch (0.18 mm) thick. 

4. Brass:  0.010 inch (0.25 mm) thick. 

5. Nickel-Copper Alloy:  0.005 inch (0.13 mm) thick. 

C. Wire:  0.080-inch (2.0-mm), nickel-copper alloy; 0.062-inch (1.6-mm), soft-
annealed, stainless steel; or 0.062-inch (1.6-mm), soft-annealed, galvanized 
steel. 

D. Self-Adhesive Anchor Pins and Speed Washers:  Galvanized steel plate, pin, 
and washer manufactured for attachment to duct and plenum with adhesive.  
Pin length sufficient for insulation thickness indicated. 

2.04 VAPOR RETARDERS 

A. Mastics:  Materials recommended by insulation material manufacturer that are 
compatible with insulation materials, jackets, and substrates. 

PART 3: EXECUTION 

3.01 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for 
installation and other conditions affecting performance of insulation 
application. 
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B. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.02 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove 
materials that will adversely affect insulation application. 

3.03 GENERAL APPLICATION REQUIREMENTS 

A. Apply insulation materials, accessories, and finishes according to the 
manufacturer’s written instructions; with smooth, straight, and even surfaces; 
and free of voids throughout the length of ducts and fittings. 

B. Refer to schedules at the end of this Section for materials, forms, jackets, and 
thicknesses required for each duct system. 

C. Use accessories compatible with insulation materials and suitable for the 
service.  Use accessories that do not corrode, soften, or otherwise attack 
insulation or jacket in either wet or dry state. 

D. Apply multiple layers of insulation with longitudinal and end seams staggered. 

E. Seal joints and seams with vapor-retarder mastic on insulation indicated to 
receive a vapor retarder. 

F. Keep insulation materials dry during application and finishing. 

G. Apply insulation with tight longitudinal seams and end joints.  Bond seams 
and joints with adhesive recommended by the insulation material 
manufacturer. 

H. Apply insulation with the least number of joints practical. 

I. Apply insulation over fittings and specialties, with continuous thermal and 
vapor-retarder integrity, unless otherwise indicated. 

J. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations 
in insulation at hangers, supports, anchors, and other projections with vapor-
retarder mastic.  Apply insulation continuously through hangers and around 
anchor attachments. 

K. Insulation Terminations:  For insulation application where vapor retarders are 
indicated, seal ends with a compound recommended by the insulation 
material manufacturer to maintain vapor retarder. 

L. Apply insulation with integral jackets as follows: 

15081-4 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 DUCT INSULATION 

1. Pull jacket tight and smooth. 

2. Joints and Seams:  Cover with tape and vapor retarder as recommended 
by insulation material manufacturer to maintain vapor seal. 

3. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply 
mastic on seams and joints and at ends adjacent to duct flanges and 
fittings. 

M. Cut insulation according to manufacturer’s written instructions to prevent 
compressing insulation to less than 75 percent of its nominal thickness. 

N. Install vapor-retarder mastic on ducts and plenums scheduled to receive 
vapor retarders. 

1. Ducts with Vapor Retarders:  Overlap insulation facing at seams and seal 
with vapor-retarder mastic and pressure-sensitive tape having same 
facing as insulation.  Repair punctures, tears, and penetrations with tape 
or mastic to maintain vapor-retarder seal. 

2. Ducts without Vapor Retarders:  Overlap insulation facing at seams and 
secure with outward clinching staples and pressure-sensitive tape having 
same facing as insulation. 

O. Roof Penetrations:  Apply insulation for interior applications to a point even 
with top of roof flashing. 

1. Seal penetrations with vapor-retarder mastic. 

2. Apply insulation for exterior applications tightly joined to interior insulation 
ends. 

3. Seal insulation to roof flashing with vapor-retarder mastic. 

P. Interior Wall and Partition Penetrations:  Apply insulation continuously through 
walls and partitions, except fire-rated walls and partitions. 

Q. Fire-Rated Wall and Partition Penetrations:  Terminate insulation at 
fire/smoke damper sleeves for fire-rated wall and partition penetrations. 

R. Floor Penetrations:  Terminate insulation at underside of floor assembly and 
at floor support at top of floor. 

1. For insulation indicated to have vapor retarders, taper termination and 
seal insulation ends with vapor-retarder mastic. 
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3.04 MINERAL-FIBER INSULATION APPLICATION 

A. Blanket Applications for Ducts and Plenums:  Secure blanket insulation with 
adhesive and anchor pins and speed washers. 

1. Apply adhesives according to manufacturer’s recommended coverage 
rates per square foot, for 100 percent coverage of duct and plenum 
surfaces. 

2. Apply adhesive to entire circumference of ducts and to all surfaces of 
fittings and transitions. 

3. Install anchor pins and speed washers on sides and bottom of horizontal 
ducts and sides of vertical ducts as follows: 

a. On duct sides with dimensions 18 inches (450 mm) and smaller, along 
longitudinal centerline of duct.  Space 3 inches (75 mm) maximum 
from insulation end joints, and 16 inches (400 mm) o.c. 

b. On duct sides with dimensions larger than 18 inches (450 mm).  Space 
16 inches (400 mm) o.c. each way, and 3 inches (75 mm) maximum 
from insulation joints.  Apply additional pins and clips to hold insulation 
tightly against surface at cross bracing. 

c. Anchor pins may be omitted from top surface of horizontal, rectangular 
ducts and plenums. 

d. Do not overcompress insulation during installation. 

4. Impale insulation over anchors and attach speed washers. 

5. Cut excess portion of pins extending beyond speed washers or bend 
parallel with insulation surface.  Cover exposed pins and washers with 
tape matching insulation facing. 

6. Create a facing lap for longitudinal seams and end joints with insulation by 
removing 2 inches (50 mm) from one edge and one end of insulation 
segment.  Secure laps to adjacent insulation segment with 1/2-inch (13-
mm) staples, 1 inch (25 mm) o.c., and cover with pressure-sensitive tape 
having same facing as insulation. 

7. Overlap unfaced blankets a minimum of 2 inches (50 mm) on longitudinal 
seams and end joints.  Secure with steel band at end joints and spaced a 
maximum of 18 inches (450 mm) o.c. 
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8. Apply insulation on rectangular duct elbows and transitions with a full 
insulation segment for each surface.  Apply insulation on round and flat-
oval duct elbows with individually mitered gores cut to fit the elbow. 

9. Insulate duct stiffeners, hangers, and flanges that protrude beyond the 
insulation surface with 6-inch (150-mm) wide strips of the same material 
used to insulate duct.  Secure on alternating sides of stiffener, hanger, and 
flange with anchor pins spaced 6 inches (150 mm) o.c. 

10. Apply vapor-retarder mastic to open joints, breaks, and punctures for 
insulation indicated to receive vapor retarder. 

B. Board Applications for Ducts and Plenums:  Secure board insulation with 
adhesive and anchor pins and speed washers. 

1. Apply adhesives according to manufacturer’s recommended coverage 
rates per square foot, for 100 percent coverage of duct and plenum 
surfaces. 

2. Apply adhesive to entire circumference of ducts and to all surfaces of 
fittings and transitions. 

3. Space anchor pins as follows: 

a. On duct sides with dimensions 18 inches (450 mm) and smaller, along 
longitudinal centerline of duct.  Space 3 inches (75 mm) maximum 
from insulation end joints, and 16 inches (400 mm) o.c. 

b. On duct sides with dimensions larger than 18 inches (450 mm).  Space 
16 inches (400 mm) o.c. each way, and 3 inches (75 mm) maximum 
from insulation joints. Apply additional pins and clips to hold insulation 
tightly against surface at cross bracing. 

c. Anchor pins may be omitted from top surface of horizontal, rectangular 
ducts and plenums. 

d. Do not overcompress insulation during installation. 

4. Cut excess portion of pins extending beyond speed washers or bend 
parallel with insulation surface.  Cover exposed pins and washers with 
tape matching insulation facing. 

5. Create a facing lap for longitudinal seams and end joints with insulation by 
removing 2 inches (50 mm) from one edge and one end of insulation 
segment.  Secure laps to adjacent insulation segment with 1/2-inch (13-
mm) staples, 1 inch (25 mm) o.c., and cover with pressure-sensitive tape 
having same facing as insulation. 

15081-7 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

DUCT INSULATION  WBS No. S-000056-0071-4 

6. Apply insulation on rectangular duct elbows and transitions with a full 
insulation segment for each surface.  Groove and score insulation to fit as 
closely as possible to outside and inside radius of elbows.  Apply 
insulation on round and flat-oval duct elbows with individually mitered 
gores cut to fit the elbow. 

7. Insulate duct stiffeners, hangers, and flanges that protrude beyond the 
insulation surface with 6-inch (150-mm) wide strips of the same material 
used to insulate duct.  Secure on alternating sides of stiffener, hanger, and 
flange with anchor pins spaced 6 inches (150 mm) o.c. 

8. Apply vapor-retarder mastic to open joints, breaks, and punctures for 
insulation indicated to receive vapor retarder. 

3.05 FIELD-APPLIED JACKET APPLICATION 

A. Apply glass-cloth jacket, where indicated, directly over bare insulation or 
insulation with factory-applied jackets. 

1. Apply jacket smooth and tight to surface with 2-inch (50-mm) overlap at 
seams and joints. 

2. Embed glass cloth between two 0.062-inch (1.6-mm) thick coats of jacket 
manufacturer’s recommended adhesive. 

3. Completely encapsulate insulation with jacket, leaving no exposed raw 
insulation. 

3.06 FINISHES 

A. Glass-Cloth Jacketed Insulation:  Paint insulation finished with glass-cloth 
jacket as specified in Division 09. 

B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply 
two coats of insulation manufacturer’s recommended protective coating. 

C. Color:  Final color as selected by Architect/Engineer.  Vary first and second 
coats to allow visual inspection of the completed Work. 

3.07 DUCT SYSTEM APPLICATIONS 

A. Insulation materials and thicknesses are specified in schedules at the end of 
this Section. 

B. Materials and thicknesses for systems listed below are specified in schedules 
at the end of this Section. 
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C. Insulate the following plenums and duct systems: 

1. Indoor concealed supply-, return-, and outside-air ductwork. 

2. Indoor exposed supply-, return-, and outside-air ductwork. 

3. Outdoor exposed supply and return ductwork. 

D. Items Not Insulated:  Unless otherwise indicated, do not apply insulation to 
the following systems, materials, and equipment: 

1. Metal ducts with duct liner. 

2. Factory-insulated flexible ducts. 

3. Factory-insulated plenums, casings, terminal boxes, and filter boxes and 
sections. 

4. Flexible connectors. 

5. Vibration-control devices. 

6. Testing agency labels and stamps. 

7. Nameplates and data plates. 

8. Access panels and doors in air-distribution systems. 

3.08 INDOOR DUCT AND PLENUM APPLICATION SCHEDULE 

A. Service:  Round and rectangular, supply-air ducts, concealed. 

1. Material:  Mineral-fiber blanket. 

2. Thickness:  2 inches (50mm). 

3. Number of Layers:  One. 

4. Field-Applied Jacket:  None. 

5. Vapor Retarder Required:  Yes. 

B. Service:  Round and rectangular, return-air ducts, concealed. 

1. Material:  Mineral-fiber blanket.  No insulation is required if duct is located 
in a return air plenum. 

2. Thickness:  2 inches (50 mm). 
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3. Number of Layers:  One. 

4. Field-Applied Jacket:  None. 

5. Vapor Retarder Required:  Yes. 

C. Service:  Round and rectangular, outside-air ducts, concealed. 

1. Material:  Mineral-fiber blanket. 

2. Thickness:  2 inches (50mm). 

3. Number of Layers:  One. 

4. Field-Applied Jacket:  None. 

5. Vapor Retarder Required:  Yes. 

D. Service:  Round and rectangular, supply-air ducts, exposed. 

1. Material:  Mineral-fiber board. 

2. Thickness:  1-1/2 inch (38 mm). 

3. Number of Layers:  One. 

4. Field-Applied Jacket:  Glass cloth. 

5. Vapor Retarder Required:  Yes. 

E. Service:  Round and rectangular, return-air ducts, exposed. 

1. Material:  Mineral-fiber board. 

2. Thickness:  1-1/2 inch (38 mm). 

3. Number of Layers:  One. 

4. Field-Applied Jacket:  Glass cloth. 

5. Vapor Retarder Required:  Yes. 

F. Service:  Round and rectangular, outside-air ducts, exposed. 

1. Material:  Mineral-fiber board. 

2. Thickness:  1-1/2 inches (38 mm). 

3. Number of Layers:  One. 
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4. Field-Applied Jacket:  Glass cloth. 

5. Vapor Retarder Required:  Yes. 

END OF SECTION 
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SECTION 15090 

PIPE AND CONDUIT SUPPORT SYSTEMS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Pipe, duct and conduit support and anchor systems. 

B. Related Sections include but are not necessarily limited to: 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 - General Requirements. 

3. Section 09905 - Painting and Protective Coatings. 

4. Section 11005 - Equipment Basic Requirements 

5. Section 15060 - Pipe and Pipe Fittings: Basic Requirements 

6. Section 15815 – Metal Ducts  

7. Section 16010 – Electrical: Basic Requirements 

8. Section 16111 – Conduit, Fittings, and Bodie 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Society of Mechanical Engineers (ASME): 

a. B31.1, Power Piping. 

b. B31.3, Process Piping. 

2. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A510, Standard Specification for General Requirements for Wire Rods 
and Coarse Round Wire, Carbon Steel. 
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c. A575, Standard Specification for Steel Bars, Carbon, Merchant Quality, 
M-Grades. 

d. A576, Standard Specification for Steel Bars, Carbon, Hot-Wrought, 
Special Quality. 

3. American Welding Society (AWS): 

a. D1.1, Structural Welding Code - Steel. 

4. Manufacturer's Standardization Society of the Valve and Fittings Industry, 
Inc. (MSS): 

a. SP-58, Pipe Hangers and Supports - Materials, Design and 
Manufacture. 

b. SP-69, Pipe Hangers and Supports - Selection and Application. 

5. Building code: 

a. International Code Conference (ICC): 

1) International Building Code and associated standards, 2009 Edition 
including all City and State of Washington amendments, referred to 
herein as “Building Code.” 

6. SMACNA Seismic Restraint Manual: 

a. Guidelines for Mechanical Systems, with Seismic Hazard Level (SHL) 
of “A.” 

1.03 SUBMITTALS 

A. Shop Drawings: 

1. See Section 01340 for requirements for the mechanics and administration 
of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Itemized list of wall sleeves, anchors, support devices and all other 
items related to pipe support system. 
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d. Scale drawings showing guides, hangers, supports, anchors, structural 
members and appurtenances to describe the pipe support system 
stamped by a Professional Engineer registered in the State of Texas.   

PART 2: PRODUCTS 

2.01 GENERAL 

A. Model numbers listed in the specifications and on the drawings for pipe 
support components are intended to establish the type, function and quality 
required.  Actual model numbers will vary with materials of construction.  
Materials shall comply with those listed in the specifications and at specific 
locations of the drawings. 

B. Materials 

1. Chemical Storage and Feed Areas 

a. Hydrofluosilisic Acid:  

1) Fiberglass reinforced plastic (FRP) modular framing system with 
non-metallic pipe clamps and attachment hardware; Type 316 
stainless steel anchor bolts 

b. Ferric Sulfate/Alum; Powder Activated Carbon; Caustic; Lime Slurry; 
Aqueous Ammonia 

1) Type 316 stainless steel for all support types; Type 316 stainless 
steel hardware and anchor bolts, pipe clamps, etc… 

c. Other Exterior and Corrosive Locations: 

1) Exterior and above or within a tank, box, compartment or channel 
that has liquid or transports liquid from one unit to another; highly 
corrosive; inside of vaults; or areas designated as Class I , Division 
1 or 2 areas: Type 316 stainless steel  

2. Interior, Non-Corrosive Areas 

a.   Hot dip galvanized after fabrication 

2.02 MANUFACTURED UNITS 

A. Hanger Rods: 

1. Minimum allowable tensile stress of 12,000 psi at 650 DegF per MSS SP-
58. 
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2. Continuously threaded. 

3. Load limit: 

 
NOMINAL ROD 

DIAMETER 
MAXIMUM SAFE LOAD, 

(LBS) 
3/8 IN DIA (min) 610 

1/2 IN DIA 1,130 
5/8 IN DIA 1,810 
3/4 IN DIA 2,710 
7/8 IN DIA 3,770 
1 IN DIA 4,960 

B. Hangers: 

1. Hanger type schedule: 
 

APPLICATION PIPE SIZE HANGER TYPE 
All except noted 4 IN and 

less 
ANVIL Figure 108 with Figure 

114 
All except noted Over 4 IN ANVIL Figure 590 
Steam, condensate and 
hot water  

All ANVIL Figure 181 Figure 82 or 
equal 

C. Concrete Inserts for Hanger Rods: 

1. Continuous slots:  Unistrut #P1000. 

2. Individual inserts:  ANVIL Figure 281. 

3. Self-drilling expansion anchors:  Phillips flush-end or snap-off end type. 

D. Beam Clamps for Hanger Rods: 

1. Heavy-duty. 

2. ANVIL Figure 134. 

E. Trapeze Hangers for Suspended Piping: 

1. Angles, channels, or other structural shapes. 

2. Curved roller surfaces at support point corresponding with type of hanger 
required. 

F. Vertical Pipe Supports: 
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1. At base of riser. 

2. Lateral movement for clamps or brackets: ANVIL Figure 259. 

G. Expanding Pipe Supports: 

1. Spring hanger type. 

2. MSS SP-58. 

H. Pipe Support Saddle: 

1. For pipe located 3 FT or less from floor elevation, except as otherwise 
indicated on Drawings. 

2. ANVIL Figure 264. 

I. Pipe Support Risers: 

1. Minimum Schedule 40 pipe. 

2. As recommended by saddle manufacturer. 

J. Pipe Support Base Plate: 

1. As shown on Standard Details 

K. Pipe Covering Protection Saddle: 

1. For insulated pipe at point of support. 

2. ANVIL Figure 167, Type B. 

L. Wall Brackets: 

1. For pipe located near walls and 8 FT or more above floor elevation or as 
otherwise indicated on the Drawings. 

2. ANVIL Figure 199. 

M. Pipe Anchors: 

1. 1/4 IN plate construction. 

2. Designed to prevent movement of pipe at point of attachment. 

N. Seismic Restraints: 
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1. Aircraft cables or angles or channels. 

2. Aircraft cables shall be prestretched to establish a certified minimum 
modulus of elasticity.  Cable restraints shall be designed to resist seismic 
tension loads and restraints shall be designed to resist both tension and 
compression loads with a minimum safety factor of 2. 

3. Restraint and connections shall be assemblies that swivel to the final 
installation angle. 

4. Do not mix cable and angle restraints to brace the same system. 

5. Angles shall be clamped to the threaded hanger rods at the seismic sway 
restraint locations utilizing a minimum of two (2) clamps. 

6. Transverse bracing shall be provided at 40 FT-0 IN maximum spacing 
unless noted otherwise. 

7. Longitudinal bracing shall be provided at 80 FT-0 IN maximum spacing 
unless noted otherwise. 

8. Fuel gas piping shall have transverse bracing 20 FT-0 IN OC maximum 
and longitudinal bracing 40 FT-0 IN OC maximum. 

9. At vertical pipe risers, wherever possible, support the weight of the riser at 
a point or points above the center of gravity of the riser.  Provide lateral 
guides at the top and bottom of the riser, and at intermediate points not to 
exceed 30 FT-0 IN OC. 

O. Pipe Guides: 

1. For locations on both sides on each expansion joint or loop. 

2. To ensure proper alignment of expanding or contracting pipe. 

3. ANVIL Figure 256. 

4. Sway Strut: ANVIL Figure 640. 

P. Modular Framing Systems 

1. Manufacturers 

a. Unistrut Corp, Tyco International Ltd. 

b. B-Line Systems, Inc.; a division of Cooper Industries Power-Strut Div, 
International Ltd. 
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c. Anvil Power Strut 

d. Kindorf. 

e. Metal Products Div., USG Industries, Inc. 

f. Mono-Systems, Inc. 

g. Superstrut. 

2. Materials:  

a. Struts: Material as noted in Paragraph 2.01. 

b. Pipe Clamps: Material as noted in Paragraph 2.01. 

c. Fasteners:  Material as noted in Paragraph 2.01. 

Q. Substitutions: 

1. Submit request for substitutions in accordance with Specification Section 
01630. 

2.03 DESIGN REQUIREMENTS 

A. Supports are shown on Drawings only for the purpose of identifying the type 
of support to be provided and key locations of supports. Contractor shall size 
and locate all pipe supports and submit stamped drawing for approval prior to 
commencing any pipe installation work. 

B. Supports capable of supporting the pipe for all service and testing conditions. 

1. Provide 5 to 1 safety factor. 

C. Allow free expansion and contraction of the piping to prevent excessive stress 
resulting from service and testing conditions or from weight transferred from 
the piping or attached equipment. 

D. Design supports and hangers to allow for proper pitch of pipes. 

E. Check all physical clearances between piping, support system and structure. 

1. Provide for vertical adjustment after erection. 

F. Support vertical pipe runs in pipe chases at base of riser. 

1. Support pipes for lateral movement with clamps or brackets. 
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G. Place hangers on outside of pipe insulation. 

1. Use a pipe covering protection saddle for insulated pipe at support point. 

2. Insulated piping 1-1/2 IN and less:  Provide a 9 IN length of 9 LB density 
fiberglass insulation at saddle. 

3. Insulated piping over 1-1/2 IN:  Provide a 12 IN length of 9 LB density 
fiberglass insulation on saddle. 

H. Provide 20 GA galvanized steel pipe saddle for fiberglass and plastic support 
points to ensure minimum contact width of 4 IN. 

I. Pipe Support Spacing: 

1. General: 

a. Factor loads by specific weight of liquid conveyed if specific weight is 
greater than water. 

b. Locate pipe supports at maximum spacing scheduled unless indicated 
otherwise on the Drawings. 

c. Provide at least one (1) support for each length of pipe at each change 
of direction and at each valve. 

d. Connections at equipment:  Support pipes with pipe support and not 
equipment. 

e. Provide additional supports at pipe couplings and/or flexible joints. 

2. Steel, stainless steel, cast-iron pipe support schedule: 
 

PIPE SIZES - IN MAXIMUM SPAN - 
FT 

1-1/2 and less 5 
2 thru 4 10 
5 thru 8 15 

10 and greater 20 
 

3. Copper pipe support schedule:  
 

PIPE SIZES - IN MAXIMUM SPAN - 
FT 

2-1/2 and less 5 
3 thru 6 10 
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8 and greater 15 
 

4. PVC pipe support schedule: 
 

PIPE SIZES - IN MAXIMUM SPAN - 
FT 

1-1/4 and less 3 
1-1/2 thru 3 4 

4 and greater 5 
* Maximum fluid temperature of 120 DegF. 

5. Support each length and every fitting: 

a. Bell and spigot piping: 

1) At least one (1) hanger. 

2) Applied at bell. 

b. Mechanical coupling joints: 

1) Place hanger within 2 FT of each side of fittings to keep pipes in 
alignment. 

6. Space supports for soil and waste pipe and other piping systems not 
included above every 5 FT. 

7. Provide continuous support for nylon tubing located in the horizontal 
plane.  Locate supports in the vertical plane at a maximum of 3 FT. 

8. Accessories for PVC, FRP and copper pipe 

a. Unistruct unicushion or equal. 

J. Modular Framing Systems 

1. Size per manufacturer’s recommendations for pipe size and spacing 
specified or shown. 

2. Strut shall be minimum of 1-5/8 IN wide and in varying heights and welded 
combinations as required to meet the load capacities and designs 
indicated on the Drawings. 

a. Stainless steel: 

1) Strut and fittings shall be made from 12 gauge minimum. 
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2) 0.66 times the yield stress of the stainless steel alloy. 

3) Maximum Deflection: 1/240 of span. 

3. Allowable Column Loads: As recommended by manufacturer in published 
instruction for column's unsupported height and "K" value for calculating 
effective column length of not less than 1.0. 

4. Hardware: 

a. Stainless steel. 

b. Hardware shall include, but not be limited to, hex head bolts, nuts, 
washers, split lock washers, hex head lag bolts, treaded rod, rod 
couplings, eye bolts, and u-bolts. 

5. Anchors: 

a. Per Section 05090. 

6. Plastic End Caps: 

a. Plastic end caps for strut manufactured by the strut manufacturer in 
soft white PVC and appropriately sized for strut utilized. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Provide piping systems exhibiting pulsation, vibration, swaying, or impact with 
suitable constraints to correct the condition. 

1. Included in this requirement are movements from: 

a. Trap discharge. 

b. Water hammer. 

c. Similar internal forces. 

2. Seismic Restraints: 

a. Provide seismic restraints on all piping with the exception of the 
following: 

1) Piping less than 1 IN DIA when used for gas and compressed air. 

2) Piping less than 2-1/2 IN DIA for all other cases. 
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3) Piping suspended by individual hangers where the distance from 
the top of the pipe to the bottom of the support for the hanger is 12 
IN or less. 

4) These restraints shall be capable of resisting seismic loads as 
defined in the International Building Code. 

B. Weld Supports: 

1. AWS D1.1. 

2. Weld anchors to pipe in accordance with ASME B31.3. 

C. Locate piping and pipe supports as to not interfere with open accesses, 
walkways, platforms, and with maintenance or disassembly of equipment. 

D. Inspect hangers for: 

1. Design offset. 

2. Adequacy of clearance for piping and supports in the hot and cold 
positions. 

3. Guides to permit movement without binding. 

4. Adequacy of anchors. 

E. Inspect hangers after erection of piping systems and prior to pipe testing and 
flushing. 

F. Install individual or continuous slot concrete inserts for use with hangers for 
piping and equipment. 

1. Install concrete inserts as concrete forms are installed. 

G. Welding: 

1. Welding rods:  ASTM and AWS standards. 

2. Integral attachments: 

a. Include welded-on ears, shoes, plates and angle clips. 

b. Ensure material for integral attachments is of good weldable quality. 

3. Preheating, welding and post-heat treating:  ASME B31.3, Chapter V. 

H. Field Painting: 
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1. Comply with Section 09905. 

I. Modular Framing Systems: 

1. Install plastic caps on all strut ends in vertical or horizontal positions. 

END OF SECTION 
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SECTION 15095 

PIPE SUPPORT TRAY 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Hose and pipe support tray and associated fittings and supports for lime 
feed system. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 01 - General Requirements. 

2. Section 10400 - Identification Devices. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. NEMA FG 1-1998 – Non-Metallic Cable Tray Systems 

2. NEMA VE 2-2000 - Cable Tray Installation Guidelines 

1.03 DEFINITIONS 

A. Types of Tray: 

1. Ladder:  A prefabricated non-metallic structure consisting of two (2) 
longitudinal side rails connected by individual transverse members of 
rungs. 

2. Ventilated trough:  A prefabricated non-metallic structure consisting of two 
(2) longitudinal side rails and a ventilated bottom with clear openings no 
greater than 4 IN. 

3. Solid-bottom:  A prefabricated non-metallic structure consisting of two (2) 
longitudinal side rails and a bottom with no openings within the cable-
bearing surface. 

4. Channel:  A prefabricated non-metallic structure consisting of a one-piece 
ventilated or solid bottom channel section not exceeding 6 IN in width. 
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5. Single-rail:  A prefabricated non-metallic  structure consisting of one (1) 
longitudinal rail with transversely connected rungs that project from one 
(1) or both sides, which may be single- or multi-tier. 

1.04 SYSTEM DESCRIPTION 

A. Miscellaneous: 

1. Tray widths are indicated on the Drawings. 

2. Tray runs, where shown, are diagrammatic and intended to be used as a 
guide, unless otherwise indicated on the Drawings. 

a. Site conditions may affect actual routing. 

b. Contractor shall coordinate routing and measurement with other trades 
and with equipment suppliers to avoid interference with equipment, 
piping, ductwork, etc. 

1.05 SUBMITTALS 

A. Shop Drawings: 

1. See Division 01 for requirements for the mechanics and administration of 
the submittal process. 

2. Product technical data. 

a. Provide submittal data for all products specified in PART 2 of this 
Specification Section. 

3. Fabrication and/or layout drawings: 

a. Routing, size and fittings. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. See Section 01610. 

1. Deliver cable tray systems and components carefully to avoid breakage, 
denting and scoring finishes.  Do not install damaged equipment.  

2. Store cable trays and accessories in original cartons and in clean dry 
space; protect from weather and construction traffic.  Wet materials should 
be unpacked and dried before storage. 
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PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Nonmetallic tray systems: 

a. Enduro Composites, Inc. 

b. Cope. 

c. Cooper B-Line 

B. Submit request for substitution in accordance with Division 01. 

2.02 COMPONENTS 

A. Ladder Tray: 

1. Materials: 

a. Side rails, rungs and slice plates: Glass fiber reinforced polyester or 
vinyl ester resin. Resin systems shall be flame retardant, conforming to 
ASTM E84, Class 1 flame rating and self-extinguishing per ASTM E84 
or UL 94. Provide non-metallic hardware.  

2. Fabrication: 

a. Standard: 

1) Non-metallic:  NEMA FG-1. 

b. Side rails: 

1) I-beam or channel. 

2) Flange in or out (full width top opening). 

3) Useable clear nominal loading depth:   4 IN. 

c. Transverse elements:  Solid bar, tube, or channel with stiffened 
flanges. 

d. Useable clear nominal loading width:  As indicated on the Drawings  

e. Maximum centerline rung spacing on straight sections:  9 IN. 
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B. Fittings: 

1. Radius of bends:  As required for hose layout in tray. 

2. Degrees of arc for elbows:  As required for cable tray layout. 

2.03 ACCESSORIES 

A. Accessories to be the same material as the tray or other compatible material. 

B. Support system: 

1. Material: fiber reinforced polyester to match trays. 

2. See PART 3 of this Specification Section for material type. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Install products in accordance with the manufacturer's instructions unless 
otherwise indicated on the Drawings. 

B. Install tray, fittings and accessories, as required, for a complete system that 
has a neat appearance and is in compliance with all applicable codes. 

C. Install cable tray systems as close as practical to the locations and elevations 
shown on the Drawings. 

1. Minor changes (12 IN or less) in location or elevation may be made to 
avoid interference with piping, ductwork and equipment. 

2. Obtain Engineer's approval prior to making major changes (greater than 
12 IN) in location or elevation. 

3. When tray is located adjacent to, beneath or near large piping or major 
equipment, or terminates at equipment; do not install cable tray until the 
installation of such piping and equipment is complete. 

4. Insure openings are provided in walls that tray will penetrate. 

D. Tray Supports: 

1. Provide supports at required locations to provide the loading capacity as 
indicated herein. 

2. Cantilever bracket type when cable tray is installed adjacent to a wall. 
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3. Channel type supports with bases when floor mounted. 

4. For vertical runs in excess of 20 FT support the tray by angles bolted 
through the side rails and suspended from hanger rod, which is connected 
to a cantilevered support. 

5. In seismic locations provide required supports and/or sway bracing per 
local Building Codes. 

E. Whenever cable tray system spans a structural expansion joint provide one 
(1) of the following: 

1. Expansion connector allowing a minimum of 1 IN straight-line movement 
of sections. 

2. A 2 IN discontinuity (gap) in the cable tray to allow horizontal and vertical 
movement. 

3.02 FIELD QUALITY CONTROL 

A. Remove trash and accumulated dirt from the entire tray system at the 
completion of the project and install covers where applicable. 

END OF SECTION 
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SECTION 15100 

VALVES:  BASIC REQUIREMENTS 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Valves, actuators, and valve appurtenances. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 - General Requirements. 

3. Section 09905 - Painting and Protective Coatings. 

4. Section 11005 - Equipment:  Basic Requirements. 

5. Section 15060 - Pipe and Pipe Fittings:  Basic Requirements. 

C. Contractor shall utilize the Valve Schedule at the end of this Section, in 
addition to the Drawings and Specifications, to determine the work of the 
project. 

1.02 QUALITY ASSURANCE 

1. American Society of Mechanical Engineers (ASME): 

a. B1.20.1, Pipe Threads, General Purpose. 

b. B16.1,Grayt Iron Pipe Flanges and Flanged Fittings (Classes 25, 125, 
and 250). 

c. B16.18, Cast Copper Alloy Solder Joint Pressure Fittings. 

2. ASTM International (ASTM): 

a. A126, Standard Specification for Gray Iron Castings for Valves, 
Flanges, and Pipe Fittings. 

b. D256, Standard Test Methods for Determining the Izod Pendulum 
Impact Resistance of Plastics. 
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c. D638, Standard Test Method for Tensile Properties of Plastics. 

d. D648, Standard Test Method for Deflection Temperature of Plastics 
Under Flexural Load in the Edgewise Position. 

e. D695, Standard Test Method for Compressive Properties of Rigid 
Plastics. 

f. D2240, Standard Test Method for Rubber Property-Durometer 
Hardness. 

3. American Water Works Association (AWWA): 

a. C207, Standard for Steel Pipe Flanges for Waterworks Service - Sizes 
4 IN through 144 IN. 

b. C500, Standard for Metal-Seated Gate Valves for Water Supply 
Service. 

c. C504, Standard for Rubber-Seated Butterfly Valves. 

d. C507, Standard for Ball Valves, 6 IN through 48 IN (150 MM through 
1200 MM). 

e. C509, Standard for Resilient-Seated Gate Valves  for Water Supply 
Service. 

f. C550, Standard for Protective Coatings for Valves and Hydrants. 

g. C606, Standard for Grooved and Shouldered Joints. 

4. American Water Works Association/American National Standards Institute 
(AWWA/ANSI): 

a. C111/A21.11, Standard for Rubber-Gasket Joints for Ductile-Iron 
Pressure Pipe and Fittings. 

5. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

b. MG 1, Motors and Generators. 

1.03 DEFINITIONS 

A. The following are definitions of abbreviations used in this Specification 
Section or one (1) of the individual valve sections: 
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1. CWP:  Cold water working pressure. 

2. SWP:  Steam working pressure. 

3. WOG:  Water, oil, gas working pressure. 

4. WWP:  Water working pressure. 

1.04 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01340 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Valve pressure and temperature rating. 

d. Valve material of construction. 

e. Special linings. 

f. Valve dimensions and weight. 

g. Valve flow coefficient. 

h. Wiring and control diagrams for electric or cylinder actuators. 

3. Test reports. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01782 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

C. Miscellaneous Submittals: 
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1. Verification from valve actuator manufacturer that actuators have been 
installed properly, that all limit switches and position potentiometers have 
been properly adjusted, and that the valve actuator responds correctly to 
the valve position command. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, refer to individual valve 
Specification Sections for acceptable manufacturers. 

2.02 MATERIALS 

A. Refer to individual valve Specification Sections. 

2.03 VALVE ACTUATORS 

A. Valve Actuators - General: 

1. Provide actuators as shown on Drawings or specified. 

2. Counter clockwise opening as viewed from the top. 

3. Direction of opening and the word OPEN to be cast in handwheel or valve 
bonnet. 

4. Size actuator to produce required torque with a maximum pull of 80 LB at 
the maximum pressure rating of the valve provided and withstand without 
damage a pull of 200 LB on handwheel or chainwheel or 300 foot-pounds 
torque on the operating nut. 

5. Unless otherwise specified, actuators for valves to be buried, submerged 
or installed in vaults or manholes shall be sealed to withstand at least 20 
FT of submergence. 

6. Extension stem: 

a. Install where shown or specified. 

b. Solid steel with actuator key and nut, diameter not less than stem of 
valve actuator shaft. 

c. Pin all stem connections. 

d. Center in valve box or grating opening band with guide bushing. 
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B. Buried Valve Actuators: 

1. Provide screw or slide type adjustable cast iron valve box, 5 IN minimum 
diameter, 3/16 IN minimum thickness, and identifying cast iron cover rated 
for traffic load. 

2. Box base to enclose buried valve gear box or bonnet. 

3. Provide 2 IN standard actuator nuts complying with AWWA C500, Section 
3.16. 

4. Provide at least two (2) tee handle keys for actuator nuts, with 5 FT 
extension between key and handle. 

5. Extension stem: 

a. Provide for buried valves greater than 4 FT below finish grade. 

b. Extend to within 6 IN of finish grade. 

6. Provide concrete pad encasement of valve box as shown for all buried 
valves unless shown otherwise. 

C. Plastic Valve Vault: 

1. Provide in non-traffic areas only on valve applications 3-1/2 IN and less. 

2. Nominal 7-1/2 IN DIA top section. 

3. Design unit for screw type extension section having nominal 9 IN DIA bell. 

4. Cast iron ring and lid. 

5. Constructed of injection molded polyolefin compound with fibrous 
inorganic component reinforcing and UV stabilization. 

6. Armor Access Boxes. 

D. Exposed Valve Manual Actuators: 

1. Provide for all exposed valves not having electric or cylinder actuators. 

2. Provide handwheels for gate and globe valves. 

a. Size handwheels for valves in accordance with AWWA C500. 

3. Provide lever actuators for plug valves, butterfly valves and ball valves 3 
IN DIA and smaller. 
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a. Lever actuators for butterfly valves shall have a minimum of 5 
intermediate lock positions between full open and full close. 

b. Provide at least two (2) levers for each type and size of valve 
furnished. 

4. Gear actuators required for plug valves, butterfly valves, and ball valves 4 
IN DIA and larger. 

5. Provide gearing for gate valves 20 IN and larger in accordance with 
AWWA C500. 

6. Gear actuators to be totally enclosed, permanently lubricated and with 
sealed bearings. 

7. Provide chain actuators for valves 6 FT or higher from finish floor to valve 
centerline. 

a. Cadmium-plated chain looped to within 3 FT of finish floor. 

b. Equip chain wheels with chain guides to permit rapid operation with 
reasonable side pull without "gagging" the wheel. 

8. Provide cast iron floor stands where shown on Drawings. 

a. Stands to be furnished by valve manufacturer with actuator. 

b. Stands or actuator to include thrust bearings for valve operation and 
weight of accessories. 

E. Submerged Actuators: 

1. Mount the valve actuator on top of an extension bonnet 3 FT above any 
adjacent personnel access. 

2. The valve and bonnet connection shall be flanged and watertight. 

3. Provide a top brace support for the bonnet. 

a. Mount the brace 6 IN below the top of the wall as shown. 

4. Materials: 

a. Extension bonnet:  Cast iron ASTM A126 or steel. 

b. Brace and anchor bolts:  Type 304 stainless steel. 

F. Electric Actuators (480 V, 3 PH): 
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1. Provide electric valve actuators a local or remote (See Valve Schedule) 
control station. 

2. Furnish electric actuator integral with valve consisting of: 

a. Motor. 

b. Gearing. 

c. Handwheel. 

d. Limit and torque switches. 

e. Lubricants. 

f. Heating elements. 

g. Wiring. 

h. Terminals for motor power and controls. 

i. Drive nut. 

3. Housing/enclosure: 

a. Provide cast iron gear housing and cast iron load bearing enclosure. 

b. Non load bearing enclosure and housing:  Aluminum or cast iron. 

c. Rated for area classification shown on Drawings or shown on the 
Valve Schedule. 

d. Provide O-ring seals for covers and entries. 

e. Terminal and limit switch compartment covers are to be fastened to 
gear housing by stainless steel fasteners with capture device to 
prevent loss. 

4. Motors: 

a. Provide motors that are totally enclosed, high torque design made 
expressly for valve actuator service and capable of operating the valve 
under full differential pressure for complete open-close and reverse 
cycle of travel at least twice in immediate succession without 
overheating. 
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b. Design motors in accordance with NEMA MG 1 standards, with Class 
B insulation, and to operate successfully at any voltage within 10 
percent above or below rated voltage. 

c. Provide positive method to ensure motor bearings are permanently 
lubricated. 

d. Provide three (3) thermal switches imbedded in windings: 

1) 120 degrees apart. 

2) Provide motor shutdown at high temperature. 

e. Motor housing: 

1) Aluminum or cast iron. 

2) Totally enclosed non-ventilated with cooling fins. 

f. Provide motor capable of operating in any position. 

g. Provide motor sealed from gearcase to allow any mounting position. 

h. Provide motors suitable for 480 V, 3 PH, 60 Hz. 

5. Gearing: 

a. Provide power gearing consisting of heat treated steel helical gears, 
carburized and hardened alloy steel worm, and alloy bronze worm 
gear, all grease or oil bath lubricated, designed for 100 percent 
overload, and effectively sealed against entrance of foreign matter. 

b. Provide gearing mechanism constructed to permit field changes of 
reduction gear ratio. 

c. Design actuators so that motor comes up to speed before stem load is 
encountered in either opening or closing operation. 

d. Limit switch gearings and feedback device reduction gearing: 

1) Steel or bronze. 

e. Support rotating shafts with anti-friction bearings. 

f. Provide separate drive nut/thrust bearing assembly: 

1) Mounted to base of actuator. 
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2) High tensile bronze. 

3) Quarter turn actuator:  Provide 90 degree mounting intervals. 

4) Provide grease fitting on drive assembly. 

6. Handwheel: 

a. Permanently attached for manual operation. 

b. Positive declutch mechanism to engage and disengage handwheel. 

c. Handwheel shall not rotate during motor operation. 

d. Inoperable motor shall not prevent manual operation. 

7. Limit torque and thrust loads in both closing and opening directions by 
torque limit switches. 

a. Provide torque switches with micrometer adjustment and reference 
setting indicator. 

1) Assure adjustment variation of approximately 40 percent in torque 
setting. 

b. Provide switches having rating of not less than 6 A at 120 Vac and 2.2 
A at 115 Vdc. 

c. Limit and torque switches shall have totally sealed contacts. 

8. Furnish electric actuator with two (2) geared limit switch assemblies with 
each switch assembly having four (4) separate limit switches: 

a. Assure each limit switch assembly is geared to driving mechanism and 
is independently adjustable to trip at any point at and between the fully 
open and fully closed valve position. 

b. Provide minimum of two (2) normally open contacts and two (2) 
normally closed contacts at each end of valve travel. 

c. Provide switches with inductive contact rating of not less than 6 A at 
120 Vac, 3 A at 240 Vac, 1.5 A at 480 Vac, 2.2 A at 115 Vdc and 1.1 A 
at 230 Vdc. 

d. Limit switches shall be fully adjustable when power is applied to 
actuator. 

15100-9 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
B Bid Package 2 – Plant 1-2 Improvements  

VALVES: BASIC REQUIREMENTS WBS No. S-000056-0071-4  

9. Provide space heating elements sized to prevent condensation in both 
motor and geared limit switch compartment(s). 

a. Furnish heating elements rated at 120 Vac with heaters continuously 
energized. 

10. Open-close actuator controls: 

a. Provide control assembly with necessary holding relays, reversing 
starter, control transformers of sufficient capacity to provide control 
power, space heating element power and valve position transmitter. 

b. Provide control assembly in an enclosure rated for the defined area 
classification. 

c. Controls for open/close actuator: 

1) Provide remote pushbutton station with enclosure rated for area 
classification shown on Drawings with: 

a) Open pushbutton. 

b) Close pushbutton. 

c) Stop pushbutton. 

d) Remote/local switch. 

e) Full open light. 

f) Full close light. 

g) Open and close relays as required. 

2) Provide control enclosure to accept: 

a) Remote open/close switches. 

3) Provide contacts in control enclosure: 

a) Remote/local contact. 

b) Full open contact. 

c) Full close contact. 

4) Wire all components to an internal terminal strip and include 
mounted wiring diagram inside enclosure. 
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11. Additional requirements for modulating valve actuators: 

a. Suitable for continuous duty. 

b. Proportional position servo-amplifier mounted integral with the actuator 
control compartment. 

c. Positioning of valve shall be proportional to a 4-20 mA signal input to 
the position servo-amplifier when remote control has been selected. 

d. Servo-amplifier adjustments shall include zero, span, gain, and dead-
band. 

e. Provide 4-20 mA signal position control as shown on the Drawings that 
interfaces with the position control/position feedback instrumentation 
wiring to and from RIO or PLC as shown on the Drawings. 

12. Manufacturers: 

a. Rotork Series IQ 

b. EIM Series 2000 or TEC 2000 

c. Limitorque Model L120 or MX 

d. Equal models by Auma 

G. Electric Actuators (120V, 1 PH): 

1. Furnish electric actuator integral with valve consisting of: 

a. Motor. 

b. Gearing. 

c. Limit and torque switches. 

d. Wiring. 

2. Housing/enclosure: 

a. Provide plastic housing. 

b. Rated for area classification shown on Drawings or shown on the 
Valve Schedule. 

c. Provide O-ring seals for covers and entries. 
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3. Motors: 

a. Provide direct current motors that are totally enclosed, high torque 
design made expressly for valve actuator service and capable of 
operating the valve under full differential pressure for complete open-
close and reverse cycle of travel at least twice in immediate 
succession without overheating. 

b. Provide motor capable of operating in any position. 

c. Provide motors suitable for 120 V, 1 PH, 60 Hz. 

4. Furnish two limit switches to indicate valve full open and closed position.  

5. Provide optical position indicator and integrated emergency override shaft 
for manual valve operation. Provide spring type terminal wiring block.  

6. Manufacturers: 

a. George Fisher EA 21 

b. Approved equal 

2.04 FABRICATION 

A. End Connections: 

1. Provide the type of end connections for valves as required in the Piping 
Schedules presented in Specification Section 15060 or as shown on the 
Drawings. 

2. Comply with the following standards: 

a. Threaded:  ASME B1.20.1. 

b. Flanged:  ASME B16.1 Class 125 unless otherwise noted or AWWA 
C207. 

c. Bell and spigot or mechanical (gland) type:  AWWA/ANSI 
C111/A21.11. 

d. Soldered:  ASME B16.18. 

e. Grooved:  Rigid joints per Table 5 of AWWA C606. 

B. Refer to individual valve Specification Sections for specifications of each type 
of valve used on Project. 
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C. Nuts, Bolts, and Washers: 

1. Wetted or internal to be bronze or stainless steel. 

2. Exposed to be Type 316 stainless steel. 

D. On Insulated Piping:  Provide valves with extended stems to permit proper 
insulation application without interference from handle. 

E. Epoxy Interior Coating:  Provide epoxy interior coating for all ferrous surfaces 
in accordance with AWWA C550. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Painting Requirements:  Comply with Specification Section 09905 for painting 
and protective coatings. 

C. Setting Buried Valves: 

1. Locate valves installed in pipe trenches where buried pipe indicated on 
Drawings. 

2. Set valves and valve boxes plumb. 

3. Place valve boxes directly over valves with top of box being brought to 
surface of finished grade. 

4. Install in closed position. 

5. Place valve on firm footing in trench to prevent settling and excessive 
strain on connection to pipe. 

6. After installation, backfill up to top of box for a minimum distance of 4 FT 
on each side of box. 

D. Support exposed valves and piping adjacent to valves independently to 
eliminate pipe loads being transferred to valve and valve loads being 
transferred to the piping. 

E. For grooved coupling valves, install rigid type couplings or provide separate 
support to prevent rotation of valve from installed position. 
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F. Install electric or cylinder actuators above or horizontally adjacent to valve 
and gear box to optimize access to controls and external handwheel. 

G. For threaded valves, provide union on one (1) side within 2 FT of valve to 
allow valve removal. 

H. Install valves accessible for operation, inspection, and maintenance. 

3.02 ADJUSTING 

A. Adjust valves, actuators and appurtenant equipment to comply with 
Specification Section 01650. 

1. Operate valve, open and close at system pressures. 

B. For all 120 VAC and 480 VAC electric actuators, employ and pay for services 
of valve actuator manufacturer's field service representative to: 

1. Inspect valve actuators covered by this Specification Section. 

2. Supervise adjustments and installation checks: 

a. Open and close valves electrically under local manual and 
demonstrate that all limit switches are properly adjusted and that 
switch contacts are functioning properly by verifying the inputs are 
received at the remote input/output (RIO) panels or local control panel 
as appropriate. 

b. Position modulating valves electrically under local manual control and 
demonstrate that the valve position feedback potentiometer is properly 
adjusted and that the feedback signal is received at the RIO panels or 
local control panel as appropriate. 

c. Simulate a valve position command signal at the RIO panel or local 
control panel as appropriate and demonstrate that the valve is 
controlled to the desired position without excessive hunting. 

3. Provide Owner with a written statement that the valve actuator 
manufacturer has verified that the actuators have been installed properly, 
that all limit switches and position potentiometers have been properly 
adjusted and that the valve actuator responds correctly to the valve 
position command. 

3.3 VALVE SCHEDULE 
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Location / 
Description 

No. of 
Valves 

Valve Tag 
No(s). 

Valve 
Type 

Valve 
Size 
(in) 

Special Notes Operator 
Type2 

Valve 
Cycle 
Time 
(sec) 

Joint 
Type3 

 

Sodium 
Hydroxide Bulk 
Tank Isolation 

2 VLV-198 
VLV-202 Ball 3 N/A EOC, 120 

VAC 15 SOC 
 

Ferric Sulfate 
Bulk Storage 
Tanks Outlet 
Valves 

6 

VLV-100 
VLV-104 
VLV-108 
VLV-112 
VLV-116 
VLV-120 

 

Ball 3 N/A EOC, 120 
VAC 15 SOC 

 

Fluoride Bulk 
Storage Tank 
Outlet Valves 

2 VLV-244 
VLV-248 Ball 1.5 N/A EOC, 120 

VAC 15 SOC 
 

          
          
          
          
          

Notes: 
1. Schedule includes all specialty valves with electric, hydraulic, or pneumatic 

operators, and miscellaneous ammonia system valves.  
2. Valve operator types: 

a. MQ = Manual, quarter turn lever  
b. MGH = Manual , gear operator with handwheel 
c. MTB = Manual,  gear operator and torque tube 
d. MGB = Manual,  buried gear operator 
e. EOC = Electric open/close service 
f. EOCR = Electric open/close service with remote control station 
g. EM = Electric modulating service 
h. EMR = Electric modulating service with remote control station 
i. POC = Pneumatic open/close service  
j. HYD = Hydraulically actuated  
k. MH = Manual, handwheel 
l. MB = Manual, buried (direct actuated with 2 IN operating nut) 
m. MFSH = Manual with floor stand and handwheel 

3. Joint Types (general), See narrow scope valve specification for exact requirements. 
a. MJ = Mechanical Joint 
b. FLG = Flange 
c. LUG =  Lug body 
d. SOC = Socket 
e. NPT = Threaded 
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END OF SECTION 
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SECTION 15102 

PLUG VALVES 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Plug valves. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of 
the Contract. 

2. Division 01 - General Requirements. 

3. Section 15100 - Valves:  Basic Requirements. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Society of Mechanical Engineers (ASME): 

a. B16.1, Gray Iron Pipe Flanges and Flanged Fittings (Classes 25, 125, 
and 250). 

2. ASTM International (ASTM): 

a. A126, Standard Specification for Gray Iron Castings for Valves, 
Flanges and Pipe Fittings. 

b. A536, Standard Specification for Ductile Iron Castings. 

c. D2240, Standard Test Method for Rubber Property-Durometer 
Hardness. 

3. American Water Works Association (AWWA): 

a. C504, Standard for Rubber-Seated Butterfly Valves. 

1.03 SUBMITTALS 

A. Shop Drawings: 

15102-1 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements  

PLUG VALVES WBS No. S-000056-0071-4 

1. See Section 01340 for requirements for the mechanics and administration 
of the submittal process. 

2. See Section 15100. 

B. Operation and Maintenance Manuals: 

1. See Section 01340 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

2. See Section 15100. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the manufacturers listed 
under the specific valve types are acceptable. 

B. Submit request for substitution in accordance with Specification Section 
01640. 

2.02 NON-LUBRICATED ECCENTRIC PLUG VALVES (SEWAGE, SLUDGE, 
SEWAGE GAS APPLICATIONS) 

A. Acceptable Manufacturer: 

1. DeZurik. 

2. Millikin. 

3. ValMatic. 

4. GA Industries.            

5. Pratt.              

B. Materials: 

1. Body:  Cast-iron ASTM A126, Class B or ductile iron, ASTM A536 65-45-12.      

2. Plug:  One-piece construction ductile iron, ASTM A536 65-45-12 or cast 
iron, ASTM A126 Class B. 
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3. Plug facing:  Grease and/or petroleum-resistant resilient Neoprene or 
Buna-N compound, 70 Type A durometer hardness per ASTM D2240. 

4. Shaft bearing bushings:  Permanently lubricated TFE or Delrin sleeve type 
stainless steel or bronze. 

5. Valve seats:  Welded-in overlay of 90 percent nickel, minimum Brinell 
hardness of 200, (minimum 1/8 IN thick). 

6. Stem seal:  Nitrile butadiene packing or Buna-N dual U-cups or bronze 
cartridge double O-rings with lower grit seal O-ring per AWWA C504, 
Section 3.7. 

2.03 LUBRICATED SEAL PLUG VALVES (NATURAL GAS APPLICATIONS) 

A. Acceptable Manufacturers: 

1. Nordstrom. 

2. Walworth. 

3. Millikin. 

B. Materials: 

1. Body:  Cast iron ASTM A126, Class B. 

2. Plug:  Cast iron ASTM A126, Class B. 

3. Plug facing:  Teflon on tapered plug. 

4. Valve seats:  Gas-resistant lubricant/sealant. 

2.04 NON-LUBRICATED ECCENTRIC PLUG (HEATING-COOLING WATER 
APPLICATIONS) 

A. Acceptable Manufacturers: 

1. DeZurik Figure 499. 

2. Millikin Series 603. 

B. Materials: 

1. Body:  Cast iron, ASTM A126, Class B. 

2. Plug:  Bronze or nickel-plated cast iron. 
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3. Bearings:  Bronze or nickel. 

4. Plug seal:  Isobutene-isoprene (250 DegF). 

2.05 ACCESSORIES 

A. Refer to Drawings and valve schedule for type of actuator. 

1. Furnish actuator integral with valve. 

B. Refer to Section 15100 for actuator requirements. 

2.06 DESIGN REQUIREMENTS 

A. Non-Lubricated Eccentric Plug Valves (Wastewater, Sludge): 

1. Port area: 

a. Valves 4 IN through 20 IN:  Equal to or exceed 80 percent of full pipe 
area. 

b. Valves greater than 20 IN:  100 percent equivalent full pipe area. 

2. Valve body:  Fitted with bolted bonnet. 

3. End connections:  See Section 15100. 

4. Stem seal:  Adjustable and replaceable without disassembling valve or 
bonnet. 

5. Designed for seating drip tight in any flow direction. 

6. Rating: 

a. 1/2 through 12 IN, 175 psi working pressure. 

b. 14 through 36 IN, 150 psi working pressure. 

c. Three-way valves, 125 psi working pressure. 

7. Actuator: 

a. Actuator gearing in enclosure suitable for running in oil with seals on 
shaft to prevent entry of dirt or water. 

b. Positive identification on actuator indicating valve position. 

c. Adjustable stop to set closing torque. 
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B. Lubricated Plug Valves (Natural Gas): 

1. Pressure lubricated valve with sealed ports and grooves. 

a. Re-seatable under full pressure in any position. 

2. Pressure rating:  200 psi WOG. 

3. Port area:  Minimum 60 percent of pipe area. 

4. Acceptable to local gas company. 

C. Non-Lubricated Eccentric Plug Valve-(HVAC): 

1. Port area:  Valves 1/2 IN through 2-1/2 IN:  Equal to or exceed 100 
percent of full pipe area. 

2. Valve body:  Fitted with threaded bonnet or bolted bonnet. 

3. End connections: 

a. Flanges:  In full accordance with ASME B16.1, Class 125 including 
facing, drilling and thickness. 

b. Threaded connection:  In full compliance with NPT. 

4. Stem seal:  Self-adjusting U-cups or multiple O-ring seals. 

5. Shut-off:  Designed for setting drip-tight at the full rated pressure. 

2.07 FABRICATION 

A. See Section 15100. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. See Section 15100. 

B. Install valves with valve stem horizontal, plug seat on inlet side and with plug 
rotating up into the open position for valves in horizontal lines. 

C. Install valve with actuator above pipe or plug centerline. 

END OF SECTION 
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SECTION 15104 

BALL VALVES 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Ball valves. 

B. Related Sections include but are not necessarily limited to: 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 - General Requirements. 

3. Section 15100 - Valves:  Basic Requirements. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. A48, Standard Specification for Gray Iron Castings. 

b. A126, Standard Specification for Gray Iron Castings for Valves, 
Flanges, and Pipe Fittings. 

c. D1784, Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) 
Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds. 

2. American Water Works Association (AWWA): 

a. C507, Standard for Ball Valves, 6 IN through 48 IN. 

3. Federal Specification (FS): 

a. WW-V-35C, Valve, Ball. 

4. Manufacturers Standardization Society of the Valve and Fittings Industry 
Inc. (MSS): 
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a. SP-72, Ball Valves with Flanged or Butt-Welding Ends for General 
Service. 

b. SP-110, Ball Valves; Threaded, Socket-Welding, Solder Joint, Grooved 
and Flared Ends. 

1.03 SUBMITTALS 

A. Shop Drawings: 

1. See Section 01330 for requirements for the mechanics and administration 
of the submittal process. 

2. See Section 15100. 

3. Test results for AWWA valves. 

B. Operation and Maintenance Manuals: 

1. See Section 01782 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the manufacturers listed 
in the applicable Articles below are acceptable. 

B. Submit request for substitution in accordance with Specification Section 
01630. 

2.02 METALLIC BALL VALVES 1/4 TO 3 IN DIA 

A. Comply with MSS SP-72 or MSS SP-110. 

B. Acceptable Manufacturers: 

1. Apollo. 

2. Jamesbury. 

3. Watts. 
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4. Stockham. 

5. Nibco. 

C. Materials: 

1. Body:  Bronze. 

2. Stem, stem gland nut:  Brass. 

3. Ball:  Brass, chrome plated. 

4. Seats, stuffing box ring, and thrust washer:  Reinforced Teflon. 

5. Handle:  Vinyl coated or zinc- or cadmium-plated steel. 

D. Design Requirements: 

1. Rated for 400 psi and 250 DegF, WOG for threaded end applications and 
285 psi WOG and 150 psi saturated steam service for flanged end 
applications. 

2. Handles showing direction of opening. 

3. Stuffing boxes capable of being repacked under pressure and adjustable 
for wear. 

4. Stem with reinforced Teflon stuffing box ring and blowout-proof design. 

5. Renewable reinforced Teflon seats. 

6. Ball design which does not allow media contact with stem. 

7. Balancing stop for all applications. 

8. Bodies with mounting pad for applications requiring actuators. 

2.03 PLASTIC BALL VALVES:  1/2 IN TO 4 IN DIA 

A. Acceptable Manufacturers: 

1. Chemtrol. 

2. Spears. 

3. ASAHI/America. 

4. George Fisher. 
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B. Materials: 

1. Body, stem, ball, handle, end connectors: 

a. PVC ASTM D1784-12454B or CPVC ASTM D1784-23477-B (material 
to match connecting piping). 

2. Ball Seat:   

a. Sodium hydroxide service: EPDM 

b. All other services: Viton  

3. O-rings:   

a. Sodium hydroxide service: EPDM 

b. All other services: Viton  

C. Design Requirements: 

1. Rated at 150 psi at 75 DegF. 

2. Double or "true union" design. 

3. Blocks both directions, upstream and downstream. 

4. Union nut capable of compensating for seat wear. 

5. Body with mounting pad for actuators where required. 

6. Capable of being disconnected at downstream end under full line 
pressure. 

7. For aqueous ammonia system, provide vented type valves to prevent 
accumulation of gases within the valve.   

2.04 ACCESSORIES 

A. Refer to Drawings and valve schedule for type of actuators. 

1. Furnish actuator integral with valve. 

B. Refer to Section 15100 for actuator requirements. 
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PART 3: EXECUTION 

3.01 INSTALLATION 

A. See Section 15100. 

END OF SECTION 
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SECTION 15106 

CHECK VALVES 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Check valves. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 - General Requirements. 

3. Section 15100 - Valves:  Basic Requirements. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Society of Mechanical Engineers (ASME): 

a. B16.1, Gray Iron Pipe Flanges and Flanged Fittings (Classes 25, 125, 
and 250). 

2. American Water Works Association (AWWA): 

a. C508, Standard for Swing-Check Valves for Waterworks Service, 2 IN 
through 24 IN NPS. 

3. Manufacturers Standardization Society of the Valve and Fittings Industry 
Inc. (MSS): 

a. SP-71, Cast Iron Swing Check Valves, Flanged and Threaded Ends. 

b. SP-80, Bronze Gate, Globe, Angle and Check Valves. 

1.03 SUBMITTALS 

A. Shop Drawings: 

15106-1 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

CHECK VALVES WBS No. S-000056-0071-4  

1. See Specification Section 01330 for requirements for the mechanics and 
administration of the submittal process. 

2. See Specification Section 15100. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01782 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, manufacturers listed 
under the valve with types are acceptable. 

B. Submit request for substitution in accordance with Specification Section 
01630. 

2.02 METAL BODY CHECK VALVES:  2.5 IN AND SMALLER 

A. Class 125 Bronze Swing Check Valves (Fuel Oil, Compressed Air, Water, 
Wastewater): 

1. Comply with MSS SP-80. 

2. Acceptable manufacturers: 

a. Nibco T413-Y. 

b. Stockham B-319Y. 

3. Materials: 

a. Body, bonnet, disc:  Bronze. 

4. Design requirements: 

a. 125 psi steam to 406 DegF, 200 psi WOG. 

b. Horizontal swing, renewable disc. 
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2.03 SWING CHECK VALVES:  3 IN TO 24 IN 

A. Swing Check Valves (Water, Wastewater, Sludge): 

1. Comply with AWWA C508. 

2. Acceptable manufacturers: 

a. Clow. 

b. Val-Matic.           

c. Golden Anderson. 

3. Materials: 

a. Body and cover:  Cast iron. 

b. Seat ring, hinge:  Bronze or stainless steel.       

c. Disc: 

1) 3 to 4 IN:  Bronze or cast iron with rubber face.     

2) 6 to 24 IN:  Cast iron with bronze face. 

3) 6 to 24 IN:  Cast iron with rubber face. 

d. Hinge shaft:  Stainless steel. 

e. Bearings, connecting hardware:  Bronze. 

4. Design requirements: 

a. 175 psi working pressure (3 to 12 IN). 

b. 150 psi working pressure (14 to 24 IN). 

c. Furnish with outside weight and lever or lever and spring. 

B. Class 125 Iron Check Valves (Steam to 125 psi, Fuel Oil): 

1. Comply with MSS SP-71. 

2. Acceptable manufacturers: 

a. Nibco F-918B. 

b. Stockham 373 1/2. 
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3. Materials: 

a. Iron body, bronze mounted. 

b. Seat ring, disc face:  Bronze. 

c. Hinge pin:  Bronze or stainless steel. 

d. Connecting hardware:  Bronze or plated steel. 

4. Design requirements: 

a. 125 psi steam to 450 DegF, 200 psi WOG. 

b. Bolted cap. 

2.04 RUBBER FLAPPER CHECK VALVES 

A. Service: Lime slurry unloading station 

B. Class 125. 

C. Acceptable Manufacturers: 

1. Val-Matic Surgebuster 

2. Pratt RD Series 

3. Equal model by APCO 

4. Equal model by GA Industries 

D. Materials: 

1. Body and cover: ASTM A536 ductile iron 

2. Flapper: Buna-N, steel reinforced 

3. Cover bolts: Type 316 stainless steel 

E. Design 

1. Full body flow design. 

2. Full size top access port to allow disc removal without removing body from 
connecting piping. 

3. Fusion bonded epoxy coating, NSF 61 approved. 
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4. Non-slam closing characteristics with 35 degree disc stroke. 

2.05 PLASTIC BODY SWING CHECK VALVES 

A. Acceptable manufacturers: 

1. Spears 

2. Chemtrol 

3. Approved equal 

B. Materials: 

1. Body:  CPVC or PVC to match connecting piping 

2. Disc:  CPVC or PVC to match body 

3. Disc:  O-ring Viton 

4. Hardware:  Type 316 stainless steel 

C. Design Requirements/Options: 

1. Outside weight and lever 

2. Pressure rating: 

a. 3/4 to 4IN: 150 psig 

b. 6IN: 100 psig 

c. 8 IN: 70 psig 

2.06 PLASTIC BODY BALL CHECK VALVES 

A. Acceptable Manufacturers: 

1. Chemtrol 

2. Spears 

3. George Fisher 

B. Materials: 

1. Body: PVC or CPVC to match connecting piping 

2. Ball: Glass filled polypropylene 
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3. Seals:  

a. Sodium hydroxide: EPDM 

b. All other services: Viton 

C. Design Requirements 

1. 150 psig pressure rating. 

2. True union design with socket connectors. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. See Specification Section 15100. 

B. Install in accordance with manufacturer's instructions. 

END OF SECTION 
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SECTION 15114 

MISCELLANEOUS VALVES 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Air release and vacuum relief valves. 

2. Pressure-reducing/regulating valves (2 IN and smaller). 

3. Compressed air filters.  

4. Solenoid valves. 

5. Pinch valves. 

6. Needle valves. 

7. Pressure/vacuum relief valves (aqueous ammonia) 

8. Diaphragm valves 

B. Related Sections include but are not necessarily limited to: 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 1 - General Requirements. 

3. Section 11005 - Equipment:  Basic Requirements. 

4. Section 15100 - Valves:  Basic Requirements. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Gas Association (AGA). 

2. American Society of Mechanical Engineers (ASME): 
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a. B16.1, Gray Iron Pipe Flanges and Flanged Fittings (Classes 25, 125, 
and 250). 

3. American Water Works Association (AWWA): 

a. C512, Standard for Air-Release, Air-Vacuum, and Combination Air 
Valves for Waterworks Service. 

b. C550, Standard for Protective Interior Coatings for Valves and 
Hydrants. 

4. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

1.03 SUBMITTALS 

A. Shop Drawings: 

1. See Section 01340 for requirements for the mechanics and administration 
of the submittal process. 

2. See Section 15100. 

B. Operation and Maintenance Manuals: 

1. See Section 01782 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the manufacturers listed 
in the applicable Articles below are acceptable. 

B. Submit request for substitution in accordance with Specification Section 
01630. 

 

2.02 AIR RELEASE AND VACUUM RELIEF VALVES       

A. General:  Conform to AWWA C512. 
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B. Alternate 1: 

1. Water 

a. Air Release Valve: 

1) Acceptable manufacturers: 

a) APCO 200A (1 IN and larger); APCO 50 (1/2 and ¾ IN)  

b) GA Industries, Figure 920. 

c) Val-Matic.         

2) Materials: 

a) Body and cover:  Cast iron or semi-steel. 

b) Float:  Stainless steel. 

c) Linkage and trim:  Bronze or stainless steel. 

3) Design requirements: 

a) Inlet and orifice size:  As shown in the Valve Schedule or shown 
on the Drawings. 

b) Working pressure:  Equal to that or greater than that of 
connecting piping (See Section 15060). 

c) Provide isolation valve, type as shown on the Drawings. 

b. Air and Vacuum Valve: 

1) Acceptable manufacturers: 

a) APCO Series 1900. 

b) GA Industries, Figure 992. 

2) Materials: 

a) Body and cover:  Cast iron. 

b) Float:  Stainless steel. 

c) Seat: Buna-N. 

15114-3 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

MISCELLANEOUS VALVES WBS No. S-000056-0071-4  

3) Design requirements: 

a) Inlet and orifice size:  As shown in the Valve Schedule or shown 
on the Drawings. 

b) Working pressure:  Equal to that or greater than that of 
connecting piping (See Section 15060). 

c) Venting capacity: See Valve Schedule. 

d) Provide isolation valve, type as shown on the Drawings. 

c. Combination Air Release and Vacuum Valve: 

1) Acceptable manufacturers: 

a) APCO Series 1500C. 

b) GA Industries, equal model. 

c) Val-Matic 1800 VB/38. 

2) Materials: 

a) Body and cover:  Cast iron. 

b) Float, linkage and hardware:  Stainless steel. 

c) Seat:  Buna-N. 

3) Design requirements: 

a) Inlet and orifice size:  As shown in the Valve Schedule or shown 
on the Drawings. 

b) Working pressure:  Equal to that or greater than that of 
connecting piping (See Section 15060). 

c) Venting capacity: See Valve Schedule. 

d) Provide isolation valve, type as shown on the Drawings. 

2. Wastewater: 

a. Air Release Valve: 

1) Acceptable manufacturers: 
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a) GA Industries, Figure 925 or 927. 

b) APCO S-400. 

c) Val-Matic.         

2) Materials: 

a) Body and cover:  Cast iron or semi-steel. 

b) Float and linkage:  Stainless steel. 

c) Seat:  Viton or Buna-N. 

3) Design requirements: 

a) Inlet and orifice size:  As shown in the Valve Schedule or shown 
on the Drawings. 

b) Working pressure:  Equal to that or greater than that of 
connecting piping (See Section 15060). 

c) Venting capacity: See Valve Schedule. 

d) Provide isolation valve, type as shown on the Drawings. 

e) Flush accessories: 

(1) Inlet shut-off valve. 

(2) Blow-off valve. 

(3) Clear water inlet valve. 

(4) Hose and quick disconnect coupling. 

b. Air and Vacuum Valve: 

1) Acceptable manufacturers: 

a) APCO Series S-401 or S-404. 

b) GA Industries, Figure 993. 

c) Val-Matic.         

2) Materials: 
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a) Body and cover:  Cast iron. 

b) Float:  Stainless steel. 

c) Seat:  Buna-N. 

3) Design requirements: 

a) Inlet and orifice size:  As shown in the Valve Schedule or shown 
on the Drawings. 

b) Working pressure:  Equal to that or greater than that of 
connecting piping (See Section 15060). 

c) Venting capacity: See Valve Schedule. 

d) Provide isolation valve, type as shown on the Drawings. 

e) Flush accessories: 

(1) Blow-off valve. 

(2) Clean water inlet valve. 

(3) Hose and quick connect coupling. 

3. Combination Air Release and Vacuum Valve: 

a. Acceptable manufacturers: 

1) APCO S-440. 

2) GA Industries, Figure 942. 

3) Crispin USL20B. 

b. Materials: 

1) Body and cover:  Cast iron. 

2) Float:  Stainless steel. 

3) Seat:  Buna-N. 

c. Design requirements: 

a) Inlet and orifice size:  As shown in the Valve Schedule or shown 
on the Drawings. 
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b) Working pressure:  Equal to that or greater than that of 
connecting piping (See Section 15060). 

c) Venting capacity: See Valve Schedule. 

d) Provide isolation valve, type as shown on the Drawings. 

2) Flush accessories: 

a) Blow off valve. 

b) Clear water inlet valve. 

c) Hose and quick connect coupling. 

C. Alternate 2: 

1. Water: 

a. Air Release and Vacuum Valve: 

1) Acceptable manufacturer: 

a) Vent-O-Mat RBXb Air Release and Vacuum Break Anti-shock 
air valve. 

2) Materials: 

a) Top and lower flange:  Mild steel, fusion bond epoxy coated. 

b) Barrel:  304 stainless steel. 

c) Floats:  High density polyethylene. 

d) Float seats and seals:  Nitrile or EPDM. 

e) Nozzle seat:  Natural rubber. 

f) All wetted internal metal parts:  304 stainless steel 

b. Design requirements: 

1) Inlet and orifice size:  As shown in the Valve Schedule or shown on 
the Drawings. 

2) Working pressure:  Equal to that or greater than that of connecting 
piping (See Section 15060). 
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3) Venting capacity: See Valve Schedule. 

4) Provide isolation valve, type as shown on the Drawings. 

5) Provide control for slow release of air through valve to prevent 
valve slamming shut from excessive air or water velocity through 
the valve. 

6) End connection: 

a) 2 IN and smaller:  Threaded. 

b) 3 IN and larger:  Flanged. 

2. Wastewater: 

a. Air Release and Vacuum Valve: 

1) Acceptable manufacturers  

a) Vent-O-Mat RGXb Air Release and Vacuum Break Anti-shock 
air valve. 

2) Materials: 

a) Top and lower flange:  304 stainless steel. 

b) Barrel:  304 stainless steel. 

c) Floats:  High density polyethylene. 

d) Float seats and seals:  Nitrile or EPDM. 

e) Nozzle seat:  EPDM. 

f) All wetted internal metal parts:  304 stainless steel. 

g) Flange studs: 304L stainless steel. 

b. Design requirements: 

1) Inlet and orifice size:  As shown in the Valve Schedule or shown on 
the Drawings. 

2) Working pressure:  Equal to that or greater than that of connecting 
piping (See Section 15060). 

3) Venting capacity: See Valve Schedule. 
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4) Provide isolation valve, type as shown on the Drawings. 

5) Provide control for slow release of air through valve to prevent 
valve slamming shut from excessive air or water velocity through 
the valve. 

6) End connection: 

a) 2 IN and smaller:  Threaded or flanged. 

b) 3 IN and larger:  Flanged. 

7) Provide isolation valve, type as shown. 
 

2.03 PRESSURE-REDUCING/REGULATING VALVES (2 IN AND SMALLER) 

A. Water Pressure Regulators: 

1. Acceptable manufacturers: 

a. Fisher, Type 75A. 

b. Watts Series 25AUB-Z3. 

2. Materials: 

a. Body:  Bronze. 

b. Strainer body:  Bronze. 

c. Strainer screen:  Stainless steel. 

3. Design requirements: 

a. Self-contained diaphragm operated. 

1) Spring loaded. 

2) Field adjustable. 

b. Strainer:  Y-type on supply. 

c. Size as shown on the Drawings.  

B. Air Pressure Regulators: 

1. Acceptable manufacturers: 
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a. Ingersol Rand 3000 Series 

b. Equal model by Atlas Copco 

2. Materials: 

a. Body: Aluminum 

b. Diaphragm and regulator valve: nitrile and nylon 

3. Design requirements: 

a. Spring range: 0 to 140 psig 

b. Maximum inlet pressure: 250 psig 

2.04 AIR PRESSURE REGULATORS: 

A. Acceptable manufacturers: 

1. Ingersol Rand F212I, GP 

2. Equal model by Atlas Copco 

B. Materials: 

1. Body: Manufacturer’s standard. 

C. Design requirements: 

1. General purpose filter with 1 micron particulate and oil vapor removal. 

2. Provide element replacement indicator and drain. 
 

2.05 SOLENOID VALVES (2 IN AND SMALLER) 

A. General Service (Air - Water): 

1. Acceptable manufacturers: 

a. ASCO. 

b. Burkert 

2. Materials: 

a. Body:  Brass. 
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b. Seat:  Buna-N. 

c. Insulation:  Class F. 

3. Design requirements: 

a. 110 Vac. 

b. Two-way, normally closed. 

c. Enclosure:  Compatible with area classifications indicated on 
Drawings. 

d. Working pressure, air and water:  125 psig. 

4. Accessories:  Provide strainer on supply. 

2.06 PINCH VALVE 

A. Acceptable manufacturers: 

1. Red Valve. 

2. Flexible Valve Corp. 

B. Materials: 

1. Body:  Cast iron. 

2. Sleeve: Neoprene. 

3. Stem: Stainless steel. 

4. Fasteners and opening tabs: Stainless steel.  

C. Design requirements: 

1. Sleeve 

a. Non-wetted, completely enclosed with bonnet. 

b. No packing. 

c. 100% full port design. 

d. Integral flange faces. 

2. Pinch Mechanism 
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a. External position indicator. 

b. Grease fitting. 

3. Positive Opening Tabs 

a. Ensure that sleeve will not collapse under less than 2 psig internal 
pressure. 

2.07 NEEDLE VALVE 

A. Acceptable manufacturers: 

1. Parker. 

2. Approved equal. 

B. Materials: 

1. Body:  Steel. 

2. Seat: EPR. 

3. Needle style: standard 30 taper. 

4. Knob: Manufacturer’s standard.  

C. Design requirements: 

1. Coordinate end connections with piping shown on the Drawings. 

2.08 PRESSURE/VACUUM RELIEF VALVES (AQUEOUS AMMONIA SERVICE) 

A. Acceptable Manufacturers: 

1. Protectoseal 

2. Enardo 

B. Materials 

1. Body: Type 316 stainless steel 

2. Pallet: Type 316 stainless steel 

3. Pallet Diaphragm: FEP Film (Teflon) 

4. Weights: Type 316 stainless steel 
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5. Gaskets: PTFE 

C. Design Requirements 

1. Designed specifically for use with ASME Code aqueous ammonia 
pressure tanks (bulk and day storage).  

2. Pressure relief range: 1.0 to 55.0 IN W.C. 

3. Vacuum relief range: 1.0 to 55.0 IN W.C. 

4. Set point accuracy of plus/minus 3 percent. 

5. Field replaceable pallet and seat assemblies. 

6. ANSI 150 lb flange. 

2.09 PLASTIC DIAPHRAGM VALVES 

A. Acceptable Manufacturers: 

1. Chemtrol 

2. George Fisher 

3. Approved equal 

B. Materials 

1. Body and bonnet: PVC 

2. Diaphragm:  

a. Sodium hydroxide service: EPDM 

b. All other chemical services: Viton 

C. Design Requirements 

1. True union with socket weld connections 

2. Handwheel operator 

2.10 FABRICATION 

A. Completely shop assemble unit including any interconnecting piping, speed 
control valves, control isolation valves and electrical components. 
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B. Provide internal epoxy coating suitable for potable water for all iron body 
valves in accordance with AWWA C550. 

2.11 SOURCE QUALITY CONTROL 

A. Shop hydrostatically test to unit test pressure. 

2.12 MAINTENANCE MATERIALS 

A. Provide one set of any special tools or wrenches required for operation or 
maintenance for each type valve. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. General:  See Section 11005 and Section 15100. 

B. Air Release, Vacuum Relief, and Pressure Relief Valves: 

1. Pipe exhaust to a suitable disposal point. 

2. Where exhausted to a trapped floor drain, terminate exhaust line 6 IN 
minimum above floor. 

3.02 FIELD QUALITY CONTROL 

A. Clean, inspect, and operate valve to ensure all parts are operable and valve 
seats properly. 

B. Check and adjust valves and accessories in accordance with manufacturer's 
instructions and place into operation. 

C. For aqueous ammonia pressure/vacuum relief valves, provide services of 
manufacturer’s factory service representative to inspect installation of and 
adjust the pressure and vacuum relief setpoints of the valves.  

END OF SECTION 
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SECTION 15183 

PIPE, DUCT AND EQUIPMENT INSULATION 

PART 1: GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Piping insulation. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of 
the Contract. 

2. Division 01 - General Requirements. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. C177, Standard Test Method for Steady-State Heat Flux 
Measurements and Thermal Transmission Properties by Means of 
Guarded-Hot-Plate Apparatus. 

b. C411, Standard Test Method for Hot-Surface Performance of High-
Temperature Thermal Insulation. 

c. C423, Standard Test Method for Sound Absorption and Sound 
Absorption Coefficients by the Reverberation Room Method. 

d. C518, Standard Test Method for Steady-State Thermal Transmission 
Properties by Means of the Heat Flow Meter Apparatus. 

e. C553, Standard Specification for Mineral Fiber Blanket Thermal 
Insulation for Commercial and Industrial Applications. 

f. C665, Standard Specification for Mineral-Fiber Blanket Thermal 
Insulation for Light Frame Construction and Manufactured Housing. 

g. C1071, Standard Specification for Fibrous Glass Duct Lining Insulation 
(Thermal and Sound Absorbing Material). 
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h. E84, Standard Test Method for Surface Burning Characteristics of 
Building Materials. 

i. E96, Standard Test Methods for Water Vapor Transmission of 
Materials. 

j. F25, Standard Test Method for Sizing and Counting Airborne 
Particulate Contamination in Cleanrooms and Other Dust-Controlled 
Areas. 

2. National Fire Protection Association (NFPA): 

a. 255, Standard Method of Test of Surface Burning Characteristics of 
Building Materials. 

3. Underwriters Laboratories, Inc. (UL): 

a. 723, Standard for Test for Surface Burning Characteristics of Building 
Materials. 

1.03 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Sections 01330 and 01340 for requirements for the 
mechanics and administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Submit complete specification of insulation materials, adhesives, 
cement, together with manufacturer's recommended methods of 
application and coverage for coatings and adhesives. 

3. Submit itemized schedule by building of proposed insulation systems 
showing density, thermal conductivity, thickness, adhesive, jackets and 
vapor barriers. 

4. Certifications:  Products will meet the requirements of the Contract 
Documents. 
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PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Fiberglass insulation: 

a. Certainteed Corporation. 

b. Schuller (Manville). 

c. Owens Corning. 

d. Knauf. 

B. Submit request for substitution in accordance with Specification Section 
01640. 

2.02 PIPING INSULATION - FIBERGLASS 

A. Pipe and Fitting Insulation: 

1. Preformed fiberglass pipe insulation: 

a. Density:  4 LBS/CF. 

b. Temperature rated:  650 DegF. 

c. Average thermal conductivity not to exceed 0.22 (Btu-IN)/(HR-FT2-
DegF) at mean temperature of 75 DegF. 

d. Fire hazard rating: 

1) UL 723, ASTM E84, NFPA 255. 

2) Flame spread not exceeding 25 and smoke developed not 
exceeding 100. 

2. Moisture adsorption: 

a. ASTM C553. 

b. Not greater than 0.5 percent moisture by volume when exposed to 
moisture laden air at 120 DegF and 96 percent RH. 

3. Fungi and bacteria resistance: 
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a. ASTM C665. 

b. Does not breed or promote growth. 

c. Flame attenuated glass fibers bonded with thermosetting resin. 

4. Piping jackets (general applications): 

a. Aluminum:  16 mil embossed aluminum. 

5. Provide minimum insulation thickness conforming to schedules or as 
shown on the Drawings. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. General: 

1. Piping below ground covered with earth will not be insulated except as 
noted on plans. 

2. Consider ductwork, piping and equipment as exposed, except as 
otherwise indicated. 

3. Consider ductwork, piping and equipment in walls, partitions, floors, pipe 
chases, pipe shafts and duct shafts as concealed. 

a. Consider ductwork, piping and equipment above ceilings as concealed. 

4. Provide release for insulation application after installation and testing is 
complete. 

a. Apply insulation on clean, dry surfaces after inspection. 

5. Provide insulation continuous through wall, roof and ceiling openings, pipe 
hangers, supports and sleeves. 

6. Provide insulation with vapor barrier for piping, ductwork and equipment 
where surfaces may be cooler than surrounding air temperatures. 

a. Provide vapor barrier (0.17 perm-IN; ASTM C553) continuous and 
unbroken. 
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b. Hangers, supports, anchors, and related items that are secured directly 
to cold surfaces must be adequately insulated and vapor-sealed to 
prevent condensation. 

7. Apply specified adhesives, mastics and coatings at the manufacturer's 
recommended coverage per unit volume. 

C. Piping Insulation - Fiberglass: 

1. Apply over clean dry pipe. 

a. Butt all joints together firmly. 

2. Seal joints, slits, miter-cuts and other exposed edges of insulation as 
recommended by the insulation manufacturer. 

3. Insulate fittings, valves, and flanges with insulation thickness equal to 
adjacent pipe. 

4. Aluminum pipe jacket: 

a. Field-applied aluminum jacket with vapor-sealed longitudinal and butt 
joints. 

b. Provide smooth and straight joint with a minimum 2 IN overlap. 

c. Secure joints with corrosion-resistant screws spaced 0.25 to 0.50 IN 
back from edge. 

d. Center spacing of screws 5 IN maximum or as required to provide 
smooth tight-fitted joints. 

e. Place joints on least exposed side of piping to obtain neat appearance. 

3.02 REPAIR 

A. Whenever any factory applied insulation or job-applied insulation is removed 
or damaged, replace with the same quality of material and workmanship. 

3.03 SCHEDULES 

A. Pipe, Fittings and Valves: 

1. Fiberglass. 
 

APPLICATION PIPE SIZE THICKNESS JACKET 
Plant/Utility Water 1/2 to 6 IN 1 IN AL 
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END OF SECTION 

15183-6 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 SPLIT-SYSTEM AIR-CONDITIONERS 

SECTION 15738 

SPLIT-SYSTEM AIR-CONDITIONERS 

PART 1: GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.02 SUMMARY 

A. This Section includes split-system air-conditioning and heat pump units 
consisting of separate evaporator-fan and compressor-condenser 
components.  Units are designed for exposed or concealed mounting, and 
may be connected to ducts. 

1.03 DEFINITIONS 

A. Evaporator-Fan Unit:  The part of the split-system air-conditioning unit that 
contains a coil for cooling (heat rejection for heating operation in heat pump 
units) and a fan to circulate air to conditioned space. 

B. Compressor-Condenser Unit:  The part of the split-system air-conditioning 
unit that contains a refrigerant compressor and a coil for condensing 
refrigerant (evaporator for heating operation in heat pump units). 

1.04 SUBMITTALS 

A. Product Data:  Include rated capacities; shipping, installed, and operating 
weights; furnished specialties; and accessories for each type of product 
indicated.  Include performance data in terms of capacities, outlet velocities, 
static pressures, sound power characteristics, motor requirements, and 
electrical characteristics. 

B. Shop Drawings:  Diagram power, signal, and control wiring and differentiate 
between manufacturer-installed and field-installed wiring. 

C. Operation and Maintenance Data:  Include emergency, operation and 
maintenance manuals. 

D. Warranties:  Special warranties specified in this Section. 
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1.05 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as 
defined in NFPA 70, Article 100, by a testing agency acceptable to authorities 
having jurisdiction, and marked for intended use. 

1.06 COORDINATION 

A. Coordinate size and location of concrete bases for units.  Cast anchor-bolt 
inserts into bases.  Concrete, reinforcement, and formwork are specified in 
Division 03. 

B. Coordinate size, location, and connection details with roof curbs, equipment 
supports, and roof penetrations specified in Architectural 
drawings/specifications. 

1.07 WARRANTY 

A. General Warranty:  Special warranty specified in this Article shall not deprive 
Owner of other rights Owner may have under other provisions of the Contract 
Documents and shall be in addition to, and run concurrent with, other 
warranties made by Contractor under requirements of the Contract 
Documents. 

B. Special Warranty:  Written warranty, executed by manufacturer agreeing to 
repair or replace components of split-system air-conditioning units that fail in 
materials or workmanship within specified warranty period. 

C. Warranty Period:  5 years from date of substantial completion. 

1.08 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and 
that are packaged with protective covering for storage and identified with 
labels describing contents. 

1. Filters:  One set of filters for each unit. 

2. Fan Belts:  One set of belts for each unit. 

PART 2: PRODUCTS 

2.01 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 
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1. Carrier Air Conditioning; Div. of Carrier Corp. 

2. Lennox Industries Inc. 

3. Mitsubishi Electronics America, Inc.; HVAC Division. 

4. Trane Co. (The); Unitary Products Group. 

5. York International Corp. 

2.02 EVAPORATOR COMPONENTS 

A. Cabinet:  Single-wall with removable panels on front and ends. 

1. Exterior Material: Minimum 18-gauge zinc coated galvanized steel with 
factory applied weather-resistant baked enamel finish. 

2. Insulation:  Minimum 1-inch (25-mm) thick rigid fiberglass with anti-
microbial coating. 

3. Drain Pans:  IAQ approved stainless steel or hard plastic, sloped to drain 
connection. 

B. Refrigerant Coil:  Copper tube, with mechanically bonded aluminum fins, 
complying with ARI 210/240, and with thermal-expansion valve. 

C. Electric Coil:  Helical, nickel-chrome, resistance-wire heating elements with 
refractory ceramic support bushings; automatic-reset thermal cutout; built-in 
magnetic contactors; manual-reset thermal cutout; airflow proving device; and 
one-time fuses in terminal box for overcurrent protection. 

D. Fan and Motor:  Centrifugal fan, directly driven by multispeed, electric motor 
with integral overload protection; resiliently mounted. 

E. Filters:  Permanent, cleanable 80 to 85 percent efficient. 

2.03 AIR-COOLED, COMPRESSOR-CONDENSER COMPONENTS 

A. Casing:  Steel, finished with baked enamel, with removable panels for access 
to controls, weep holes for water drainage, and mounting holes in base.  
Provide brass service valves, fittings, and gage ports on exterior of casing. 

B. Compressor:  Hermetically sealed with crankcase heater and mounted on 
vibration isolation.  Compressor motor shall have thermal- and current-
sensitive overload devices, start capacitor, relay, and contactor. 

1. Compressor Type: As scheduled. 
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2. Two-speed compressor motor (if scheduled) with manual-reset high-
pressure switch and automatic-reset low-pressure switch. 

C. Refrigerant Coil:  Copper tube, with mechanically bonded aluminum fins, 
complying with ARI 210/240, and with liquid subcooler. 

D. Heat Pump Components:  Reversing valve and low-temperature air cut-off 
thermostat. 

E. Fan:  Aluminum-propeller type, directly connected to motor. 

F. Motor:  Permanently lubricated, with integral thermal-overload protection. 

G. Low Ambient Kit:  Permits operation down to 0 F. 

2.04 ACCESSORIES 

A. Thermostat: Low voltage, programmable electronic thermostat, with the 
following features: 

1. Password protected 7-day program with night setback and instant override 
for 1 to 3 hour (adjustable) operation. 

2. Digital display indicating: 

a. Day of week. 

b. Room temperature. 

c. Operating Mode. 

d. Time of day. 

3. Compressor time delay. 

B. Automatic-reset timer to prevent rapid cycling of compressor. 

C. Refrigerant Line Kits:  Soft-annealed copper suction and liquid lines factory 
cleaned, dried, pressurized, and sealed; factory-insulated suction line with 
flared fittings at both ends. 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Install units level and plumb. 

15738-4 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 SPLIT-SYSTEM AIR-CONDITIONERS 

B. Install evaporator-fan components using manufacturer’s standard mounting 
devices securely fastened to building structure. 

C. Install ground-mounted, compressor-condenser components on 4-inch (100-
mm) thick, reinforced concrete base; 4 inches (100 mm) larger on each side 
than unit.  Concrete, reinforcement, and formwork are specified in Division 03.  
Coordinate anchor installation with concrete base. 

D. Install roof-mounted compressor-condenser components on equipment 
supports.  Anchor units to supports with removable, cadmium-plated 
fasteners. 

E. Install compressor-condenser components on restrained, spring isolators with 
a minimum static deflection of 1 inch (25 mm).   

F. Connect precharged refrigerant tubing to component’s quick-connect fittings.  
Install tubing to allow access to unit. 

3.02 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections.  
Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to unit to allow service and maintenance. 

C. Unless otherwise indicated, connect piping with unions and shutoff valves to 
allow units to be disconnected without draining piping.  Refer to piping system 
Sections for specific valve and specialty arrangements. 

D. Ground equipment. 

1. Tighten electrical connectors and terminals according to manufacturer’s 
published torque-tightening values.  If manufacturer’s torque values are 
not indicated, use those specified in UL 486A and UL 486B. 

3.03 FIELD QUALITY CONTROL 

A. Installation Inspection:  Engage a factory-authorized service representative to 
inspect field-assembled components and equipment installation, including 
piping and electrical connections, and to prepare a written report of 
inspection. 

B. Leak Test:  After installation, charge system and test for leaks.  Repair leaks 
and retest until no leaks exist. 
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C. Operational Test:  After electrical circuitry has been energized, start units to 
confirm proper motor rotation and unit operation.  Remove malfunctioning 
units, replace with new components, and retest. 

D. Test and adjust controls and safeties.  Replace damaged and malfunctioning 
controls and equipment. 

3.04 COMMISSIONING 

A. Engage a factory-authorized service representative to perform startup 
service. 

B. Verify that units are installed and connected according to the Contract 
Documents. 

C. Lubricate bearings, adjust belt tension, and change filters. 

D. Perform startup checks according to manufacturer’s written instructions and 
do the following: 

1. Fill out manufacturer’s checklists. 

2. Check for unobstructed airflow over coils. 

3. Check operation of condenser capacity-control device. 

4. Verify that vibration isolation devices and flexible connectors dampen 
vibration transmission to structure. 

3.05 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner’s 
maintenance personnel to adjust, operate, and maintain units. 

1. Train Owner’s maintenance personnel on procedures and schedules for 
starting and stopping, troubleshooting, servicing, and maintaining units. 

2. Review data in maintenance manuals.  Refer to Division 01. 

3. Schedule training with Owner, through Architect/Engineer, with at least 7 
days’ advance notice. 

END OF SECTION 
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15767 

PROPELLER UNIT HEATERS 

PART 1: GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.02 SUMMARY 

A. This Section includes propeller unit heaters. 

1.03 SUBMITTALS 

A. Product Data:  Include specialties and accessories for each unit type and 
configuration. 

B. Field Test Reports:  Written reports of tests specified in Part 3 of this Section. 

C. Maintenance Data:  For propeller unit heaters to include in maintenance 
manuals specified in Division 01.  Include the following: 

1. Maintenance schedules and repair parts lists for motors, coils, integral 
controls, and filters. 

1.04 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as 
defined in NFPA 70, Article 100, by a testing agency acceptable to authorities 
having jurisdiction, and marked for intended use. 

1.05 COORDINATION 

A. Coordinate layout and installation of propeller unit heaters and suspension 
system components with other construction that penetrates ceilings or is 
supported by them, including light fixtures, HVAC equipment, fire-
suppression-system components, and partition assemblies. 
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PART 2: PRODUCTS 

2.01 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. Airtherm Manufacturing Company. 

2. Carrier Corp. 

3. Dunham-Bush, Inc. 

4. Engineered Air. 

5. International Environmental Corp. 

6. McQuay International. 

7. Rosemex Products. 

8. Ruffneck Heaters, Starozik Industries Ltd. 

9. Trane Company (The); North American Commercial Group. 

10. U S A Coil & Air Inc. 

2.02 UNIT HEATERS 

A. Description:  An assembly including casing, coil, fan, and motor in vertical 
discharge configuration with radial louver diffuser in draw-through 
configuration. 

2.03 MATERIALS 

A. Casing:  Galvanized steel, with removable panels. 

B. Cabinet Finish:  Bonderize, phosphatize, and flow-coat with baked-on primer 
and manufacturer's standard paint applied to factory-assembled and -tested 
propeller unit heater before shipping. 

2.04 ELECTRIC-RESISTANCE HEATING ELEMENTS 

A. Nickel-chromium heating wire, free from expansion noise and 60-Hz hum, 
embedded in magnesium-oxide insulating refractory and sealed in high-mass 
steel or corrosion-resistant metallic sheath with fins no closer than 0.16 inch 
(4 mm).  Element ends shall be enclosed in terminal box.  Fin surface 
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temperature shall not exceed 550 F (288 C) at any point during normal 
operation. 

1. Circuit Protection:  One-time fuses in terminal box for overcurrent 
protection and limit controls for overtemperature protection of heaters. 

2. Wiring Terminations:  Match conductor materials and sizes indicated. 

2.05 FAN 

A. Propeller with aluminum blades directly connected to motor. 

2.06 FAN MOTORS 

A. Motors, 1/2 HP and Smaller: shaded-pole or permanent-split capacitor, 
multispeed motor with integral thermal-overload protection. 

B. Motors, 3/4 HP and Larger:  Totally enclosed with permanently lubricated ball 
bearings. 

2.07 ACCESSORIES 

A. Vertical Configuration:  Louver cone diffuser. 

2.08 CONTROLS 

A. Control Devices:  Unit-mounted fan-speed switch and thermostat. 

2.09 SOURCE QUALITY CONTROL 

A. Test propeller unit heater coils according to ASHRAE 33. 

PART 3: EXECUTION 

3.01 EXAMINATION 

A. Examine areas to receive propeller unit heaters for compliance with 
requirements for installation tolerances and other conditions affecting 
performance. 

B. Examine roughing-in for electrical connections to verify actual locations 
before propeller unit heater installation. 

C. Proceed with installation only after unsatisfactory conditions have been 
corrected. 
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3.02 INSTALLATION 

A. Install propeller unit heaters level and plumb. 

B. Install propeller unit heaters to comply with NFPA 90A. 

C. Suspend propeller unit heaters from structure with rubber-in-shear vibration 
isolators (rubber hangers).  Vibration isolators are specified in division 15 
Section “Vibration Controls for HVAC Equipment." 

3.03 CONNECTIONS 

A. Ground equipment. 

B. Tighten electrical connectors and terminals according to manufacturer's 
published torque-tightening values.  If manufacturer's torque values are not 
indicated, use those specified in UL 486A and UL 486B. 

3.04 FIELD QUALITY CONTROL 

A. Testing:  Perform the following field quality-control testing and report results in 
writing: 

1. After electrical circuitry has been energized, start units to confirm proper 
motor rotation and unit operation. 

2. Operate electric heating elements through each stage to verify proper 
operation and electrical connections. 

3. Test and adjust controls and safeties. 

B. Repair or replace malfunctioning units.  Retest as specified above after 
repairs or replacements are made. 

3.05 CLEANING 

A. After installing units, inspect unit cabinet for damage to finish.  Remove paint 
splatters and other spots, dirt, and debris.  Repair damaged finish to match 
original finish. 

B. After installing units, clean propeller unit heaters internally according to 
manufacturer's written instructions. 

C. Install new filters in each propeller unit heater within 2 weeks after Substantial 
Completion. 
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3.06 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's 
maintenance personnel to adjust, operate, and maintain propeller unit 
heaters. 

1. Train Owner's maintenance personnel on procedures and schedules for 
starting and stopping, troubleshooting, servicing, and maintaining 
equipment. 

2. Review data in maintenance manuals.  Refer to Division 01. 

3. Schedule training with Owner, through Owners Representative, with at 
least 7 days' advance notice. 

END OF SECTION 
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SECTION 15815 

METAL DUCTS 

PART 1: GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.02 SUMMARY 

A. This Section includes metal ducts for supply, return, outside, and exhaust air-
distribution systems in pressure classes from minus 2- to plus 10-inch wg 
(minus 500- to plus 2500-Pa).  Metal ducts include the following: 

1. Rectangular ducts and fittings. 

1.03 DEFINITIONS 

A. FRP:  Fiberglass-reinforced plastic. 

B. NUSIG:  National Uniform Seismic Installation Guidelines. 

1.04 SUBMITTALS 

A. Shop Drawings:  Note to Specifier:  Retain first paragraph below if procedures 
for welder certification are retained in “Quality Assurance” Article. 

B. Welding certificates. 

C. Field Quality-Control Test Reports. 

1.05 QUALITY ASSURANCE 

A. Welding:  Qualify procedures and personnel according to AWS D1.1, 
“Structural Welding Code--Steel,” for hangers and supports, AWS D1.2, 
“Structural Welding Code--Aluminum,” for aluminum supporting members and 
AWS D9.1, “Sheet Metal Welding Code,” for duct joint and seam welding. 

B. NFPA Compliance: 

1. NFPA 90A, “Installation of Air Conditioning and Ventilating Systems.” 
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2. NFPA 90B, “Installation of Warm Air Heating and Air Conditioning 
Systems.” 

C. Comply with NFPA 96, “Ventilation Control and Fire Protection of Commercial 
Cooking Operations,” Ch. 3, “Duct System,” for range hood ducts, unless 
otherwise indicated. 

PART 2: PRODUCTS 

2.01 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following 
requirements apply to product selection: 

1. Manufacturers:  Subject to compliance with requirements, provide 
products by one of the manufacturers specified. 

2.02 SHEET METAL MATERIALS 

A. Comply with SMACNA’s “HVAC Duct Construction Standards--Metal and 
Flexible” for acceptable materials, material thicknesses, and duct construction 
methods, unless otherwise indicated.  Sheet metal materials shall be free of 
pitting, seam marks, roller marks, stains, discolorations, and other 
imperfections. 

B. Galvanized Sheet Steel:  Lock-forming quality; complying with ASTM 
A653/A653M and having G60 (Z180) coating designation; ducts shall have 
mill-phosphatized finish for surfaces exposed to view. 

C. Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where 
installed on galvanized sheet metal ducts. 

D. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 
36 inches (900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths 
longer than 36 inches (900 mm). 

2.03 SEALANT MATERIALS 

A. Joint and Seam Sealants, General:  The term “sealant” is not limited to 
materials of adhesive or mastic nature but includes tapes and combinations of 
open-weave fabric strips and mastics. 

B. Joint and Seam Tape:  2 inches (50 mm) wide; glass-fiber-reinforced fabric. 

C. Tape Sealing System:  Woven-fiber tape impregnated with gypsum mineral 
compound and modified acrylic/silicone activator to react exothermically with 
tape to form hard, durable, airtight seal. 
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D. Water-Based Joint and Seam Sealant:  Flexible, adhesive sealant, resistant 
to UV light when cured, UL 723 listed, and complying with NFPA 
requirements for Class 1 ducts. 

E. Solvent-Based Joint and Seam Sealant:  One-part, nonsag, solvent-release-
curing, polymerized butyl sealant formulated with a minimum of 75 percent 
solids. 

F. Flanged Joint Mastic:  One-part, acid-curing, silicone, elastomeric joint 
sealant complying with ASTM C920, Type S, Grade NS, Class 25, Use O. 

G. Flange Gaskets:  Butyl rubber or EPDM polymer with polyisobutylene 
plasticizer. 

2.04 HANGERS AND SUPPORTS 

A. Building Attachments:  Concrete inserts, powder-actuated fasteners, or 
structural-steel fasteners appropriate for construction materials to which 
hangers are being attached. 

1. Use powder-actuated concrete fasteners for standard-weight aggregate 
concretes or for slabs more than 4 inches (100 mm) thick. 

2. Exception:  Do not use powder-actuated concrete fasteners for 
lightweight-aggregate concretes or for slabs less than 4 inches (100 mm) 
thick. 

B. Hanger Materials:  Galvanized sheet steel or threaded steel rod. 

1. Hangers Installed in Corrosive Atmospheres:  Electrogalvanized, all-
thread rods or galvanized rods with threads painted with zinc-chromate 
primer after installation. 

2. Strap and Rod Sizes:  Comply with SMACNA’s “HVAC Duct Construction 
Standards--Metal and Flexible” for steel sheet width and thickness and for 
steel rod diameters. 

3. Galvanized-steel straps attached to aluminum ducts shall have contact 
surfaces painted with zinc-chromate primer. 

C. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal 
screws; compatible with duct materials. 

D. Trapeze and Riser Supports:  Steel shapes complying with ASTM A36/A36M. 

1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and 
plates. 
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2. Supports for Stainless-Steel Ducts:  Stainless-steel support materials. 

3. Supports for Aluminum Ducts:  Aluminum support materials unless 
materials are electrolytically separated from ducts. 

2.05 RECTANGULAR DUCT FABRICATION 

A. Fabricate ducts, elbows, transitions, offsets, branch connections, and other 
construction according to SMACNA’s “HVAC Duct Construction Standards--
Metal and Flexible” and complying with requirements for metal thickness, 
reinforcing types and intervals, tie-rod applications, and joint types and 
intervals. 

1. Lengths:  Fabricate rectangular ducts in lengths appropriate to 
reinforcement and rigidity class required for pressure class. 

2. Deflection:  Duct systems shall not exceed deflection limits according to 
SMACNA’s “HVAC Duct Construction Standards--Metal and Flexible.” 

B. Transverse Joints:  Prefabricated slide-on joints and components constructed 
using manufacturer’s guidelines for material thickness, reinforcement size and 
spacing, and joint reinforcement. 

1. Manufacturers: 

a. Ductmate Industries, Inc. 

b. Nexus Inc. 

c. Ward Industries, Inc. 

C. Formed-On Flanges:  Construct according to SMACNA’s “HVAC Duct 
Construction Standards--Metal and Flexible,” Figure 1-4, using corner, bolt, 
cleat, and gasket details. 

1. Manufacturers: 

a. Ductmate Industries, Inc. 

b. Lockformer. 

2. Duct Size:  Maximum 30 inches (750 mm) wide and up to 2-inch wg (500-
Pa) pressure class. 

3. Longitudinal Seams:  Pittsburgh lock sealed with noncuring polymer 
sealant. 
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D. Cross Breaking or Cross Beading:  Cross break or cross bead duct sides 19 
inches (480 mm) and larger and 0.0359 inch (0.9 mm) thick or less, with more 
than 10 sq. ft. (0.93 sq. m) of nonbraced panel area unless ducts are lined. 

PART 3: EXECUTION 

3.01 DUCT APPLICATIONS 

A. Static-Pressure Classes:  Unless otherwise indicated, construct ducts 
according to the following: 

1. Supply Ducts:  2-inch wg (500-Pa). 

2. Supply Ducts (in Mechanical Equipment Rooms):  3-inch wg (750-Pa). 

3. Return Ducts (Negative Pressure):  1-inch wg (250-Pa). 

4. Exhaust Ducts (Negative Pressure):  2-inch wg (500-Pa). 

B. All ducts shall be galvanized steel 

3.02 DUCT INSTALLATION 

A. Construct and install ducts according to SMACNA’s “HVAC Duct Construction 
Standards--Metal and Flexible,” unless otherwise indicated. 

B. Install ducts with fewest possible joints. 

C. Install fabricated fittings for changes in directions, size, and shape and for 
connections. 

D. Install couplings tight to duct wall surface with a minimum of projections into 
duct.  Secure couplings with sheet metal screws.  Install screws at intervals of 
12 inches (300 mm), with a minimum of three screws in each coupling. 

E. Install ducts, unless otherwise indicated, vertically and horizontally and 
parallel and perpendicular to building lines; avoid diagonal runs. 

F. Install ducts close to walls, overhead construction, columns, and other 
structural and permanent enclosure elements of building. 

G. Install ducts with a clearance of 1 inch (25 mm), plus allowance for insulation 
thickness. 

H. Conceal ducts from view in finished spaces.  Do not encase horizontal runs in 
solid partitions unless specifically indicated. 
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I. Coordinate layout with suspended ceiling, fire- and smoke-control dampers, 
lighting layouts, and similar finished work. 

J. Seal all joints and seams.  Apply sealant to male end connectors before 
insertion, and afterward to cover entire joint and sheet metal screws. 

K. Electrical Equipment Spaces:  Route ducts to avoid passing through 
transformer vaults and electrical equipment spaces and enclosures. 

L. Non-Fire-Rated Partition Penetrations:  Where ducts pass through interior 
partitions and exterior walls and are exposed to view, conceal spaces 
between construction openings and ducts or duct insulation with sheet metal 
flanges of same metal thickness as ducts.  Overlap openings on four sides by 
at least 1-1/2 inches (38 mm). 

M. Fire-Rated Partition Penetrations:  Where ducts pass through interior 
partitions and exterior walls, install appropriately rated fire dampers, sleeves, 
and firestopping sealant.  Firestopping materials and installation methods are 
specified in Architectural section. 

N. Install ducts with hangers and braces designed to withstand, without damage 
to equipment, seismic force required by applicable building codes.   

O. Protect duct interiors from the elements and foreign materials until building is 
enclosed.  Follow SMACNA’s “Duct Cleanliness for New Construction.” 

P. Paint interiors of metal ducts, that do not have duct liner, for 24 inches (600 
mm) upstream of registers and grilles.  Apply one coat of flat, black, latex 
finish coat over a compatible galvanized-steel primer.  Paint materials and 
application requirements are specified in Division 09 painting Sections. 

3.03 SEAM AND JOINT SEALING 

A. Seal duct seams and joints according to SMACNA’s “HVAC Duct 
Construction Standards--Metal and Flexible” for duct pressure class indicated. 

B. Seal ducts before external insulation is applied. 

3.04 HANGING AND SUPPORTING 

A. Support horizontal ducts within 24 inches (600 mm) of each elbow and within 
48 inches (1200 mm) of each branch intersection. 

B. Support vertical ducts at maximum intervals of 16 feet (5 m) and at each floor. 

C. Install upper attachments to structures with an allowable load not exceeding 
one-fourth of failure (proof-test) load. 
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D. Install concrete inserts before placing concrete. 

E. Install powder-actuated concrete fasteners after concrete is placed and 
completely cured. 

1. Do not use powder-actuated concrete fasteners for lightweight-aggregate 
concretes or for slabs less than 4 inches (100 mm) thick. 

3.05 CONNECTIONS 

A. Make connections to equipment with flexible connectors according to Section 
15820 “Air Duct Accessories.” 

B. Comply with SMACNA’s “HVAC Duct Construction Standards--Metal and 
Flexible” for branch, outlet and inlet, and terminal unit connections. 

3.06 FIELD QUALITY CONTROL 

A. Perform the following field tests and inspections according to SMACNA’s 
“HVAC Air Duct Leakage Test Manual” and prepare test reports: 

1. Disassemble, reassemble, and seal segments of systems to 
accommodate leakage testing and for compliance with test requirements. 

2. Conduct tests at static pressures equal to maximum design pressure of 
system or section being tested.  If pressure classes are not indicated, test 
entire system at maximum system design pressure.  Do not pressurize 
systems above maximum design operating pressure.  Give 7 days’ 
advance notice for testing. 

3. Maximum Allowable Leakage:  Comply with requirements for Leakage 
Class 3 for round and flat-oval ducts, Leakage Class 12 for rectangular 
ducts in pressure classes lower than and equal to 2-inch wg (500-Pa) 
(both positive and negative pressures), and Leakage Class 6 for pressure 
classes from 2- to 10-inch wg (500- to 2500-Pa). 

4. Remake leaking joints and retest until leakage is equal to or less than 
maximum allowable. 

3.07 CLEANING NEW SYSTEMS 

A. Mark position of dampers and air-directional mechanical devices before 
cleaning, and perform cleaning before air balancing. 

B. Use service openings, as required, for physical and mechanical entry and for 
inspection. 
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1. Create other openings to comply with duct standards. 

2. Disconnect flexible ducts as needed for cleaning and inspection. 

3. Remove and reinstall ceiling sections to gain access during the cleaning 
process. 

C. Vent vacuuming system to the outside.  Include filtration to contain debris 
removed from HVAC systems, and locate exhaust down wind and away from 
air intakes and other points of entry into building. 

D. Clean the following metal duct systems by removing surface contaminants 
and deposits: 

1. Air outlets and inlets (registers, grilles, and diffusers). 

2. Supply, return, and exhaust fans including fan housings, plenums (except 
ceiling supply and return plenums), scrolls, blades or vanes, shafts, 
baffles, dampers, and drive assemblies. 

3. Air-handling unit internal surfaces and components including mixing box, 
coil section, air wash systems, spray eliminators, condensate drain pans, 
humidifiers and dehumidifiers, filters and filter sections, and condensate 
collectors and drains. 

4. Coils and related components. 

5. Return-air ducts, dampers, and actuators except in ceiling plenums and 
mechanical equipment rooms. 

6. Supply-air ducts, dampers, actuators, and turning vanes. 

E. Mechanical Cleaning Methodology: 

1. Clean metal duct systems using mechanical cleaning methods that extract 
contaminants from within duct systems and remove contaminants from 
building. 

2. Use vacuum-collection devices that are operated continuously during 
cleaning.  Connect vacuum device to downstream end of duct sections so 
areas being cleaned are under negative pressure. 

3. Use mechanical agitation to dislodge debris adhered to interior duct 
surfaces without damaging integrity of metal ducts, duct liner, or duct 
accessories. 
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4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not 
permit duct liner to get wet. 

5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain 
pan operational.  Rinse coils with clean water to remove latent residues 
and cleaning materials; comb and straighten fins. 

F. Cleanliness Verification: 

1. Visually inspect metal ducts for contaminants. 

2. Where contaminants are discovered, re-clean and reinspect ducts. 

3.08 CLEANING EXISTING SYSTEMS 

A. Use service openings, as required, for physical and mechanical entry and for 
inspection. 

1. Use existing service openings where possible. 

2. Create other openings to comply with duct standards. 

3. Disconnect flexible ducts as needed for cleaning and inspection. 

4. Reseal rigid fiberglass duct systems according to NAIMA recommended 
practices. 

5. Remove and reinstall ceiling sections to gain access during the cleaning 
process. 

B. Mark position of dampers and air-directional mechanical devices before 
cleaning, and restore to their marked position on completion. 

C. Particulate Collection and Odor Control: 

1. When venting vacuuming system inside the building, use HEPA filtration 
with 99.97 percent collection efficiency for 0.3-micron size (or larger) 
particles. 

2. When venting vacuuming system to the outside, use filtration to contain 
debris removed from HVAC system, and locate exhaust down wind and 
away from air intakes and other points of entry into building. 

D. Clean the following metal duct systems by removing surface contaminants 
and deposits: 

1. Air outlets and inlets (registers, grilles, and diffusers). 
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2. Supply, return, and exhaust fans including fan housings, plenums (except 
ceiling supply and return plenums), scrolls, blades or vanes, shafts, 
baffles, dampers, and drive assemblies. 

3. Air-handling unit internal surfaces and components including mixing box, 
coil section, air wash systems, spray eliminators, condensate drain pans, 
humidifiers and dehumidifiers, filters and filter sections, and condensate 
collectors and drains. 

4. Coils and related components. 

5. Return-air ducts, dampers, and actuators except in ceiling plenums and 
mechanical equipment rooms. 

6. Supply-air ducts, dampers, actuators, and turning vanes. 

7. Dedicated exhaust and ventilation components and makeup air systems. 

E. Mechanical Cleaning Methodology: 

1. Clean metal duct systems using mechanical cleaning methods that extract 
contaminants from within duct systems and remove contaminants from 
building. 

2. Use vacuum-collection devices that are operated continuously during 
cleaning.  Connect vacuum device to downstream end of duct sections so 
areas being cleaned are under negative pressure. 

3. Use mechanical agitation to dislodge debris adhered to interior duct 
surfaces without damaging integrity of metal ducts, duct liner, or duct 
accessories. 

4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not 
permit duct liner to get wet.  Replace fibrous-glass duct liner that is 
damaged, deteriorated, or delaminated or that has friable material, mold, 
or fungus growth. 

5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain 
pan operational.  Rinse coils with clean water to remove latent residues 
and cleaning materials; comb and straighten fins. 

6. Provide operative drainage system for washdown procedures. 

7. Biocidal Agents and Coatings:  Apply biocidal agents if fungus is present.  
Apply biocidal agents according to manufacturer’s written instructions after 
removal of surface deposits and debris. 
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F. Cleanliness Verification: 

1. Verify cleanliness after mechanical cleaning and before application of 
treatment, including biocidal agents and protective coatings. 

2. Visually inspect metal ducts for contaminants. 

3. Where contaminants are discovered, re-clean and reinspect ducts. 

G. Gravimetric Analysis:  At discretion and expense of Owner, sections of metal 
duct system, chosen randomly by Owner, may be tested for cleanliness 
according to NADCA vacuum test gravimetric analysis. 

1. If analysis determines that levels of debris are equal to or lower than 
suitable levels, system shall have passed cleanliness verification. 

2. If analysis determines that levels of debris exceed suitable levels, system 
cleanliness verification will have failed and metal duct system shall be re-
cleaned and re-verified. 

H. Verification of Coil Cleaning:  Cleaning must restore coil pressure drop to 
within 10 percent of pressure drop measured when coil was first installed.  If 
original pressure drop is not known, coil will be considered clean only if it is 
free of foreign matter and chemical residue, based on thorough visual 
inspection. 

END OF SECTION 
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SECTION 15820 

AIR DUCT ACCESSORIES 

PART 1: GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.02 SUMMARY 

A. This Section includes the following: 

1. Backdraft dampers. 

2. Manual-volume dampers. 

3. Duct-mounted access doors and panels. 

4. Flexible ducts. 

5. Flexible connectors. 

6. Duct accessory hardware. 

1.03 SUBMITTALS 

A. Product Data:  For the following: 

1. Backdraft dampers. 

2. Manual-volume dampers. 

3. Duct-mounted access doors and panels. 

4. Flexible ducts. 

B. Product Certificates:  Submit certified test data on dynamic insertion loss; 
self-noise power levels; and airflow performance data, static-pressure loss, 
dimensions, and weights. 

1.04 QUALITY ASSURANCE 

A. NFPA Compliance:  Comply with the following NFPA standards: 
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1. NFPA 90A, “Installation of Air Conditioning and Ventilating Systems.” 

2. NFPA 90B, “Installation of Warm Air Heating and Air Conditioning 
Systems.” 

PART 2: PRODUCTS 

2.01 SHEET METAL MATERIALS 

A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A653/A653M, G90 
(Z275) coating designation; mill-phosphatized finish for surfaces of ducts 
exposed to view. 

B. Reinforcement Shapes and Plates:  Galvanized steel reinforcement where 
installed on galvanized, sheet metal ducts; compatible materials for aluminum 
and stainless-steel ducts. 

C. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for 36-inch 
(900-mm) length or less; 3/8-inch (10-mm) minimum diameter for lengths 
longer than 36 inches (900 mm). 

2.02 BACKDRAFT DAMPERS 

A. Description:  Suitable for horizontal or vertical installations. 

B. Frame:  0.052-inch (1.3-mm) thick, galvanized, sheet steel, with welded 
corners and mounting flange. 

C. Blades:  0.050-inch (1.2-mm) thick extended aluminum sheet. 

D. Blade Seals:  Vinyl. 

E. Blade Axles:  Galvanized steel. 

F. Tie Bars and Brackets:  Galvanized steel. 

G. Return Spring:  Adjustable tension. 

2.03 MANUAL-VOLUME DAMPERS 

A. General:  Factory fabricated with required hardware and accessories.  Stiffen 
damper blades for stability.  Include locking device to hold single-blade 
dampers in a fixed position without vibration.  Close duct penetrations for 
damper components to seal duct consistent with pressure class. 
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1. Pressure Classifications of 3-inch wg (750 Pa) or Higher:  End bearings or 
other seals for ducts with axles full length of damper blades and bearings 
at both ends of operating shaft. 

B. Low-Leakage Volume Dampers:  Multiple- or single-blade, parallel- or 
opposed-blade design as indicated, low-leakage rating, and suitable for 
horizontal or vertical applications. 

1. Steel Frames:  Hat-shaped, galvanized, sheet steel channels, minimum of 
0.064 inch (1.62 mm) thick, with mitered and welded corners; frames with 
flanges where indicated for attaching to walls; and flangeless frames 
where indicated for installing in ducts. 

2. Roll-Formed Steel Blades:  0.064-inch (1.62-mm) thick, galvanized, sheet 
steel. 

3. Blade Seals:  Vinyl. 

4. Blade Axles:  Galvanized steel. 

5. Tie Bars and Brackets:  Galvanized steel. 

C. Jackshaft:  1-inch (25-mm) diameter, galvanized steel pipe rotating within a 
pipe-bearing assembly mounted on supports at each mullion and at each end 
of multiple-damper assemblies. 

1. Length and Number of Mountings:  Appropriate to connect linkage of each 
damper of a multiple-damper assembly. 

D. Damper Hardware:  Zinc-plated, die-cast core with dial and handle made of 
3/32-inch (2.4-mm) thick zinc-plated steel, and a 3/4-inch (19-mm) hexagon 
locking nut.  Include center hole to suit damper operating-rod size.  Include 
elevated platform for insulated duct mounting. 

2.04 TURNING VANES 

A. Fabricate to comply with SMACNA’s “HVAC Duct Construction Standards--
Metal and Flexible.” 

B. Manufactured Turning Vanes:  Fabricate of 1-1/2-inch (38-mm) wide, curved 
blades set 3/4 inch (19 mm) o.c.; support with bars perpendicular to blades 
set 2 inches (50 mm) o.c.; and set into side strips suitable for mounting in 
ducts. 
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2.05 DUCT-MOUNTED ACCESS DOORS AND PANELS 

A. General:  Fabricate doors and panels airtight and suitable for duct pressure 
class. 

B. Frame:  Galvanized, sheet steel, with bend-over tabs and foam gaskets. 

C. Door:  Double-wall, galvanized, sheet metal construction with insulation fill 
and thickness, and number of hinges and locks as indicated for duct pressure 
class.  Include vision panel where indicated.  Include 1-by-1-inch (25-by-25-
mm) butt or piano hinge and cam latches. 

D. Seal around frame attachment to duct and door to frame with neoprene or 
foam rubber. 

E. Insulation:  1-inch (25-mm) thick, fibrous-glass or polystyrene-foam board. 

2.06 FLEXIBLE CONNECTORS 

A. General:  Flame-retarded or noncombustible fabrics, coatings, and adhesives 
complying with UL 181, Class 1. 

B. Standard Metal-Edged Connectors:  Factory fabricated with a strip of fabric 3-
1/2 inches (89 mm) wide attached to two strips of 2-3/4-inch (70-mm) wide, 
0.028-inch (0.7-mm) thick, galvanized, sheet steel or 0.032-inch (0.8-mm) 
aluminum sheets.  Select metal compatible with connected ducts. 

C. Extra-Wide Metal-Edged Connectors:  Factory fabricated with a strip of fabric 
5-3/4 inches (146 mm) wide attached to two strips of 2-3/4-inch (70-mm) 
wide, 0.028-inch (0.7-mm) thick, galvanized, sheet steel or 0.032-inch (0.8-
mm) aluminum sheets.  Select metal compatible with connected ducts. 

D. Transverse Metal-Edged Connectors:  Factory fabricated with a strip of fabric 
3-1/2 inches (89 mm) wide attached to two strips of 4-3/8-inch (111-mm) 
wide, 0.028-inch (0.7-mm) thick, galvanized, sheet steel or 0.032-inch (0.8-
mm) aluminum sheets.  Select metal compatible with connected ducts. 

E. Conventional, Indoor System (minus 10 to plus 250 F) Flexible Connector 
Fabric:  Glass fabric double coated with polychloroprene. 

1. Minimum Weight:  26 oz./sq. yd. (880 g/sq. m). 

2. Tensile Strength:  480 lbf/inch (84 N/mm) in the warp, and 360 lbf/inch (63 
N/mm) in the filling. 
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F. Conventional, Outdoor System (minus 10 to plus 250 F) Flexible Connector 
Fabric:  Glass fabric double coated with a synthetic-rubber, weatherproof 
coating resistant to the sun’s ultraviolet rays and ozone environment. 

1. Minimum Weight:  26 oz./sq. yd. (880 g/sq. m). 

2. Tensile Strength:  530 lbf/inch (93 N/mm) in the warp, and 440 lbf/inch (77 
N/mm) in the filling. 

2.07 FLEXIBLE DUCTS 

A. General:  Comply with UL 181, Class 1. 

B. Flexible Ducts, Insulated:  Factory-fabricated, insulated, round duct, with an 
outer jacket enclosing 1-1/2-inch (38-mm) thick, glass-fiber insulation around 
a continuous inner liner. 

1. Reinforcement:  Steel-wire helix encapsulated in inner liner. 

2. Outer Jacket:  Glass-reinforced, silver Mylar with a continuous hanging 
tab, integral fibrous-glass tape, and nylon hanging cord. 

3. Inner Liner:  Polyethylene film. 

C. Pressure Rating:  6-inch wg (1500-Pa) positive, 1/2-inch wg (125-Pa) 
negative. 

2.08 ACCESSORY HARDWARE 

A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, 
including screw cap and gasket.  Size to allow insertion of pitot tube and other 
testing instruments, and length to suit duct insulation thickness. 

B. Splitter Damper Accessories:  Zinc-plated damper blade bracket; 1/4-inch (6-
mm), zinc-plated operating rod; and a duct-mounted, ball-joint bracket with 
flat rubber gasket and square-head set screw. 

C. Flexible Duct Clamps:  Stainless-steel band with cadmium-plated hex screw 
to tighten band with a worm-gear action, in sizes 3 to 18 inches (75 to 450 
mm) to suit duct size. 

D. Adhesives:  High strength, quick setting, neoprene based, waterproof, and 
resistant to gasoline and grease. 
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PART 3: EXECUTION 

3.01 INSTALLATION 

A. Install duct accessories according to applicable details shown in SMACNA’s 
“HVAC Duct Construction Standards--Metal and Flexible” for metal ducts. 

B. Install volume dampers in lined duct; avoid damage to and erosion of duct 
liner. 

C. Provide test holes at fan inlet and outlet and elsewhere as indicated. 

D. Install duct access panels for access to both sides of duct coils.  Install duct 
access panels downstream from volume dampers, fire dampers, turning 
vanes, and equipment. 

1. Install duct access panels to allow access to interior of ducts for cleaning, 
inspecting, adjusting, and maintaining accessories and terminal units. 

2. Install access panels on side of duct where adequate clearance is 
available. 

E. Label access doors according to Section 15076 “Identification for HVAC 
Piping and Equipment.” 

3.02 ADJUSTING 

A. Adjust duct accessories for proper settings. 

B. Final positioning of manual-volume dampers is specified in Section 15950 
“Testing, Adjusting, and Balancing for HVAC.” 

END OF SECTION 
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SECTION 15838 

HVAC POWER VENTILATORS 

PART 1: GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.02 SUMMARY 

A. This Section includes the following: 

B. Adjust list below to suit Project. 

1. In-line centrifugal fans. 

2. Propeller fans. 

3. Vaneaxial fans. 

1.03 PERFORMANCE REQUIREMENTS 

A. Project Altitude:  Base air ratings on actual site elevations. 

B. Operating Limits:  Classify according to AMCA 99. 

1.04 SUBMITTALS 

A. Product Data:  Include rated capacities, furnished specialties, and 
accessories for each type of product indicated and include the following: 

1. Certified fan performance curves with system operating conditions 
indicated. 

2. Certified fan sound-power ratings. 

3. Motor ratings and electrical characteristics, plus motor and electrical 
accessories. 

4. Material gages and finishes, including color charts. 

5. Dampers, including housings, linkages, and operators. 
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B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, 
weights, loads, required clearances, method of field assembly, components, 
and location and size of each field connection. 

1. Wiring Diagrams:  Power, signal, and control wiring.  Differentiate between 
manufacturer-installed and field-installed wiring. 

2. Vibration Isolation Base Details:  Detail fabrication, including anchorages 
and attachments to structure and to supported equipment.  Include 
auxiliary motor slides and rails, and base weights. 

1.05 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as 
defined in NFPA 70, Article 100, by a testing agency acceptable to authorities 
having jurisdiction, and marked for intended use. 

B. AMCA Compliance:  Products shall comply with performance requirements 
and shall be licensed to use the AMCA-Certified Ratings Seal. 

C. NEMA Compliance:  Motors and electrical accessories shall comply with 
NEMA standards. 

D. UL Standard:  Power ventilators shall comply with UL 705. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Deliver fans as factory-assembled unit, to the extent allowable by shipping 
limitations, with protective crating and covering. 

B. Disassemble and reassemble units, as required for moving to final location, 
according to manufacturer’s written instructions. 

C. Lift and support units with manufacturer’s designated lifting or supporting 
points. 

1.07 COORDINATION 

A. Coordinate size and location of structural-steel support members. 

B. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into 
bases.  Concrete, reinforcement, and formwork requirements are specified in 
Division 03 Sections. 

C. Coordinate installation of roof curbs, equipment supports, and roof 
penetrations.  These items are specified in Division 08 Sections. 
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1.08 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and 
that are packaged with protective covering for storage and identified with 
labels describing contents. 

1. Belts:  One set for each belt-driven unit. 

PART 2: PRODUCTS 

2.01 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. In-Line Centrifugal Fans: 

a. Breidert Air Products, Inc. 

b. Carnes Company HVAC. 

c. Cook, Loren Company. 

d. Greenheck Fan Corp. 

e. Hartzell Fan, Inc. 

f. ILG Industries, Inc./American Coolair Corp. 

g. JennFan; Div. of Breidert Air Products, Inc. 

h. PennBarry. 

2. Propeller Fans: 

a. Aerovent; a Twin City Fan Company. 

b. Breidert Air Products, Inc. 

c. Carnes Company HVAC. 

d. Chicago Blower Corp. 

e. Cincinnati Fan & Ventilator Co. 

f. Cook, Loren Company. 

g. Greenheck Fan Corp. 
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h. JennFan; Div. of Breidert Air Products, Inc. 

i. PennBarry. 

3. Vaneaxial Fans: 

a. Aerovent; a Twin City Fan Company. 

b. Cook, Loren Company. 

c. Greenheck Fan Corp. 

2.02 IN-LINE CENTRIFUGAL FANS 

A. Description:  In-line, belt-driven centrifugal fans consisting of housing, wheel, 
outlet guide vanes, fan shaft, bearings, motor and disconnect switch, drive 
assembly, mounting brackets, and accessories. 

B. Housing:  Split, spun aluminum with aluminum straightening vanes, inlet and 
outlet flanges, and support bracket adaptable to floor, side wall, or ceiling 
mounting. 

C. Direct-Driven Units:  Motor encased in housing outside of airstream, factory 
wired to disconnect switch located on outside of fan housing. 

D. Belt-Driven Units:  Motor mounted on adjustable base, with adjustable 
sheaves, enclosure around belts within fan housing, and lubricating tubes 
from fan bearings extended to outside of fan housing. 

E. Fan Wheels:  Aluminum, airfoil blades welded to aluminum hub. 

F. Accessories: 

1. Companion Flanges:  For inlet and outlet duct connections. 

2. Fan Guards:  1/2-by-1-inch (13-by-25-mm) mesh of galvanized steel in 
removable frame.  Provide guard for inlet or outlet for units not connected 
to ductwork. 

3. Motor and Drive Cover (Belt Guard):  Epoxy-coated steel. 

2.03 PROPELLER FANS 

A. Description:  Belt-driven or direct-driven propeller fans consisting of fan 
blades, hub, housing, orifice ring, motor, drive assembly, and accessories. 

B. Housing:  Galvanized steel sheet with flanged edges and integral orifice ring 
with baked-enamel finish coat applied after assembly. 
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C. Steel Fan Wheels:  Formed-steel blades riveted to heavy-gage steel spider 
bolted to cast-iron hub. 

D. Fan Wheel:  Replaceable, extruded-aluminum, airfoil blades fastened to cast-
aluminum hub; factory set pitch angle of blades. 

E. Belt-Driven Drive Assembly:  Resiliently mounted to housing, statically and 
dynamically balanced and selected for continuous operation at maximum 
rated fan speed and motor horsepower, with final alignment and belt 
adjustment made after installation. 

1. Service Factor Based on Fan Motor:  1.4. 

2. Fan Shaft:  Turned, ground, and polished steel; keyed to wheel hub. 

3. Shaft Bearings:  Permanently lubricated, permanently sealed, self-aligning 
ball bearings. 

a. Ball-Bearing Rating Life:  ABMA 9, L10 of 100,000 hours. 

4. Pulleys:  Cast iron with split, tapered bushing; dynamically balanced at 
factory. 

5. Motor Pulleys:  Adjustable pitch for use with motors through 5 HP; fixed 
pitch for use with motors larger than 5 HP.  Select pulley so pitch 
adjustment is at the middle of adjustment range at fan design conditions. 

6. Belts:  Oil resistant, nonsparking, and nonstatic; matched sets for multiple 
belt drives. 

7. Belt Guards:  Fabricate of steel for motors mounted on outside of fan 
cabinet. 

F. Accessories: 

1. Gravity Shutters:  Aluminum blades in aluminum frame; interlocked blades 
with nylon bearings. 

2. Motor-Side Back Guard:  Galvanized steel, complying with OSHA 
specifications, removable for maintenance. 

3. Wall Sleeve:  Galvanized steel to match fan and accessory size. 

4. Weatherhood:  Galvanized steel to match fan and accessory size 

5. Disconnect Switch:  Nonfusible type, with thermal-overload protection 
mounted inside fan housing, factory wired through an internal aluminum 
conduit. 
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2.04 VANEAXIAL FANS 

A.  GENERAL 

1. Each fan shall be belt in AMCA arrangement 9 with propeller secured to 
the motor shaft.  

2. Fans are to be equipped with lifting lugs. 

3. After fabrication all carbon steel components shall be cleaned and 
chemically treated by a phosphatizing process to insure proper removal of 
grease, oil, scale, etc.  Fan shall then be coated with a minimum of 2-4 
mils of Permatector (Polyester Urethane), electrostatically applied and 
baked.  Finish color shall be industrial gray.   

B. FAN HOUSING AND OUTLET 

1. Fan housing shall be constructed of continuously welded steel and include 
an integral punched inlet and outlet flange to prevent air leakage. 

2. Fans shall incorporate universal a mounting system to allow for field 
transitions from horizontal base mount, horizontal ceiling hung, vertical 
base mount or vertical ceiling hung configurations. 

3. Housing and bearing support shall be constructed of welded structural 
steel members to prevent vibration and rigidly support the shaft and 
bearings. 

4. Belts, bearings and drives shall be protected from the airstream by heavy 
gauge steel belt tubes bolted bearing covers. 

5. An OSHA compliant belt guard shall be included to completely cover the 
motor pulley and belt(s). 

C. FAN WHEEL 

1. The fan propeller shall be heavy duty, cast aluminum with high 
performance, tapered airfoil blades designed to meet varied capacity and 
pressure requirements.   

2. A standard square key or tapered bushing shall lock to propeller to the fan 
shaft.  Hubs shall be two piece aluminum castings that securely lock the 
blades in place. 

3. Wheels shall be statically and dynamically balanced to balance grade 
G6.3 per ANSI S2.19. 
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4. Aluminum propeller parts shall not require protective coatings. 

2.05 MOTORS 

A. Refer to Division 15 Section “Common Motor Requirements for HVAC 
Equipment” for general requirements for factory-installed motors. 

B. Motor Construction:  NEMA MG 1, general purpose, continuous duty, 
Design B. 

C. Enclosure Type:  Guarded dripproof. 

2.06 SOURCE QUALITY CONTROL 

A. Sound-Power Level Ratings:  Comply with AMCA 301, “Methods for 
Calculating Fan Sound Ratings from Laboratory Test Data.”  Factory test fans 
according to AMCA 300, “Reverberant Room Method for Sound Testing of 
Fans.”  Label fans with the AMCA-Certified Ratings Seal. 

B. Fan Performance Ratings:  Establish flow rate, pressure, power, air density, 
speed of rotation, and efficiency by factory tests and ratings according to 
AMCA 210, “Laboratory Methods of Testing Fans for Rating.” 

PART 3: EXECUTION 

3.01 INSTALLATION 

A. Install power ventilators level and plumb. 

B. Vibration- and seismic-control devices are specified in Division 15 Section 
“Vibration Controls for HVAC.” 

1. Secure vibration and seismic controls to concrete bases using anchor 
bolts cast in concrete base. 

C. Secure roof-mounting fans to roof curbs with cadmium-plated hardware.  
Refer to Division 07 Sections. 

3.02 CONNECTIONS 

A. Duct installation and connection requirements are specified in other Division 
15 Sections.  Drawings indicate general arrangement of ducts and duct 
accessories.  Make final duct connections with flexible connectors.  Flexible 
connectors are specified in Section 15820 “Air Duct Accessories.” 

B. Install ducts adjacent to power ventilators to allow service and maintenance. 
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C. Ground equipment. 

D. Tighten electrical connectors and terminals according to manufacturer’s 
published torque-tightening values.  If manufacturer’s torque values are not 
indicated, use those specified in UL 486A and UL 486B. 

3.03 FIELD QUALITY CONTROL 

A. Equipment Startup Checks: 

1. Verify that shipping, blocking, and bracing are removed. 

2. Verify that unit is secure on mountings and supporting devices and that 
connections to ducts and electrical components are complete.  Verify that 
proper thermal-overload protection is installed in motors, starters, and 
disconnect switches. 

3. Verify that cleaning and adjusting are complete. 

4. Disconnect fan drive from motor, verify proper motor rotation direction, 
and verify fan wheel free rotation and smooth bearing operation.  
Reconnect fan drive system, align and adjust belts, and install belt guards. 

5. Verify lubrication for bearings and other moving parts. 

6. Verify that manual and automatic volume control and fire and smoke 
dampers in connected ductwork systems are in fully open position. 

7. Disable automatic temperature-control operators. 

B. Starting Procedures: 

1. Energize motor and adjust fan to indicated rpm. 

2. Measure and record motor voltage and amperage. 

C. Operational Test:  After electrical circuitry has been energized, start units to 
confirm proper motor rotation and unit operation.  Remove malfunctioning 
units, replace with new units, and retest. 

D. Test and adjust controls and safeties.  Replace damaged and malfunctioning 
controls and equipment. 

E. Shut unit down and reconnect automatic temperature-control operators. 

F. Refer to Section 15950 “Testing, Adjusting, and Balancing for HVAC” for 
testing, adjusting, and balancing procedures. 
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G. Replace fan and motor pulleys as required to achieve design airflow. 

H. Repair or replace malfunctioning units.  Retest as specified above after 
repairs or replacements are made. 

3.04 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

B. Adjust belt tension. 

C. Lubricate bearings. 

3.05 CLEANING 

A. On completion of installation, internally clean fans according to 
manufacturer’s written instructions.  Remove foreign material and 
construction debris.  Vacuum fan wheel and cabinet. 

END OF SECTION 
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SECTION 15950 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1: GENERAL 

1.01 SUMMARY 

A. This Section includes TAB to produce design objectives for the following: 

1. Air Systems: 

a. Constant-volume air systems. 

2. HVAC equipment quantitative-performance settings. 

3. Existing systems TAB. 

4. Reporting results of activities and procedures specified in this Section. 

1.02 SUBMITTALS 

A. Strategies and Procedures Plan:  Within 30 days from Contractor’s Notice to 
Proceed, submit four copies of TAB strategies and step-by-step procedures 
as specified in Part 3 “Preparation” Article.  Include a complete set of report 
forms intended for use on this Project. 

B. Certified TAB Reports:  Submit two copies of reports prepared, as specified in 
this Section, on approved forms certified by TAB firm. 

C. Warranties specified in this Section. 

1.03 QUALITY ASSURANCE 

A. TAB Firm Qualifications:  Engage a TAB firm certified by either AABC or 
NEBB. 

B. Certification of TAB Reports:  Certify TAB field data reports.  This certification 
includes the following: 

1. Review field data reports to validate accuracy of data and to prepare 
certified TAB reports. 

2. Certify that TAB team complied with approved TAB plan and the 
procedures specified and referenced in this Specification. 
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C. TAB Report Forms:  Use standard forms from AABC’s “National Standards for 
Testing and Balancing Heating, Ventilating, and Air Conditioning Systems” or 
NEBB’s “Procedural Standards for Testing, Adjusting, and Balancing of 
Environmental Systems,” as applicable. 

1.04 PROJECT CONDITIONS 

A. Partial Owner Occupancy:  Owner may occupy completed areas of building 
before Substantial Completion.  Cooperate with Owner during TAB operations 
to minimize conflicts with Owner’s operations. 

1.05 COORDINATION 

A. Coordinate the efforts of factory-authorized service representatives for 
systems and equipment, HVAC controls installers, and other mechanics to 
operate HVAC systems and equipment to support and assist TAB activities. 

B. Perform TAB after leakage and pressure tests on air and water distribution 
systems have been satisfactorily completed. 

1.06 WARRANTY 

A. National Project Performance Guarantee: If AABC, provide a guarantee on 
AABC’s “National Standards for Testing and Balancing Heating, Ventilating, 
and Air Conditioning Systems” forms stating that AABC will assist in 
completing requirements of the Contract Documents if TAB firm fails to 
comply with the Contract Documents.  Guarantee includes the following 
provisions: 

1. The certified TAB firm has tested and balanced systems according to the 
Contract Documents. 

2. Systems are balanced to optimum performance capabilities within design 
and installation limits. 

B. Special Guarantee: If NEBB, provide a guarantee on NEBB forms stating that 
NEBB will assist in completing requirements of the Contract Documents if 
TAB firm fails to comply with the Contract Documents.  Guarantee shall 
include the following provisions: 

1. The certified TAB firm has tested and balanced systems according to the 
Contract Documents. 

2. Systems are balanced to optimum performance capabilities within design 
and installation limits. 
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PART 2: PRODUCTS (NOT APPLICABLE) 

PART 3: EXECUTION 

3.01 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project 
requirements and to discover conditions in systems’ designs that may 
preclude proper TAB of systems and equipment. 

1. Verify that balancing devices, such as test ports, gage cocks, thermometer 
wells, flow-control devices, balancing valves and fittings, and manual 
volume dampers, are required by the Contract Documents.  Verify that 
quantities and locations of these balancing devices are accessible and 
appropriate for effective balancing and for efficient system and equipment 
operation. 

B. Examine approved submittal data of HVAC systems and equipment. 

C. Examine Project Record Documents described in Division 01. 

D. Examine design data, including HVAC system descriptions, statements of 
design assumptions for environmental conditions and systems’ output, and 
statements of philosophies and assumptions about HVAC system and 
equipment controls. 

E. Examine equipment performance data including fan and pump curves.  
Relate performance data to Project conditions and requirements, including 
system effects that can create undesired or unpredicted conditions that cause 
reduced capacities in all or part of a system.  Calculate system effect factors 
to reduce performance ratings of HVAC equipment when installed under 
conditions different from those presented when the equipment was 
performance tested at the factory.  To calculate system effects for air 
systems, use tables and charts found in AMCA 201, “Fans and Systems,” 
Sections 7 through 10; or in SMACNA’s “HVAC Systems--Duct Design,” 
Sections 5 and 6.  Compare this data with the design data and installed 
conditions. 

F. Examine system and equipment installations to verify that they are complete 
and that testing, cleaning, adjusting, and commissioning specified in 
individual Sections have been performed. 

G. Examine system and equipment test reports. 
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H. Examine HVAC system and equipment installations to verify that indicated 
balancing devices, such as test ports, gage cocks, thermometer wells, flow-
control devices, balancing valves and fittings, and manual volume dampers, 
are properly installed, and that their locations are accessible and appropriate 
for effective balancing and for efficient system and equipment operation. 

I. Examine systems for functional deficiencies that cannot be corrected by 
adjusting and balancing. 

J. Examine HVAC equipment to ensure that clean filters have been installed, 
bearings are greased, belts are aligned and tight, and equipment with 
functioning controls is ready for operation. 

K. Examine terminal units, such as variable-air-volume boxes, to verify that they 
are accessible and their controls are connected and functioning. 

L. Examine plenum ceilings used for supply air to verify that they are airtight.  
Verify that pipe penetrations and other holes are sealed. 

M. Examine strainers for clean screens and proper perforations. 

N. Examine three-way valves for proper installation for their intended function of 
diverting or mixing fluid flows. 

O. Examine heat-transfer coils for correct piping connections and for clean and 
straight fins. 

P. Examine system pumps to ensure absence of entrained air in the suction 
piping. 

Q. Examine equipment for installation and for properly operating safety interlocks 
and controls. 

R. Examine automatic temperature system components to verify the following: 

1. Dampers, valves, and other controlled devices are operated by the 
intended controller. 

2. Dampers and valves are in the position indicated by the controller. 

3. Integrity of valves and dampers for free and full operation and for tightness 
of fully closed and fully open positions.  This includes dampers in 
multizone units, mixing boxes, and variable-air-volume terminals. 

4. Automatic modulating and shutoff valves, including two-way valves and 
three-way mixing and diverting valves, are properly connected. 
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5. Thermostats and humidistats are located to avoid adverse effects of 
sunlight, drafts, and cold walls. 

6. Sensors are located to sense only the intended conditions. 

7. Sequence of operation for control modes is according to the Contract 
Documents. 

8. Controller set points are set at indicated values. 

9. Interlocked systems are operating. 

10. Changeover from heating to cooling mode occurs according to indicated 
values. 

S. Report deficiencies discovered before and during performance of TAB 
procedures.  Observe and record system reactions to changes in conditions.  
Record default set points if different from indicated values. 

3.02 PREPARATION 

A. Prepare a TAB plan that includes strategies and step-by-step procedures. 

B. Complete system readiness checks and prepare system readiness reports.  
Verify the following: 

1. Permanent electrical power wiring is complete. 

2. Hydronic systems are filled, clean, and free of air. 

3. Automatic temperature-control systems are operational. 

4. Equipment and duct access doors are securely closed. 

5. Balance, smoke, and fire dampers are open. 

6. Isolating and balancing valves are open and control valves are 
operational. 

7. Ceilings are installed in critical areas where air-pattern adjustments are 
required and access to balancing devices is provided. 

8. Windows and doors can be closed so indicated conditions for system 
operations can be met. 
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3.03 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system according to the 
procedures contained in AABC’s “National Standards for Testing and 
Balancing Heating, Ventilating, and Air Conditioning Systems” or NEBB’s 
“Procedural Standards for Testing, Adjusting, and Balancing of Environmental 
Systems,” as applicable, and this Section. 

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test 
probes to the minimum extent necessary to allow adequate performance of 
procedures.  After testing and balancing, close probe holes and patch 
insulation with new materials identical to those removed.  Restore vapor 
barrier and finish according to insulation Specifications for this Project. 

C. Mark equipment and balancing device settings with paint or other suitable, 
permanent identification material, including damper-control positions, valve 
position indicators, fan-speed-control levers, and similar controls and devices, 
to show final settings. 

3.04 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

A. Prepare test reports for both fans and outlets.  Obtain manufacturer’s outlet 
factors and recommended testing procedures.  Crosscheck the summation of 
required outlet volumes with required fan volumes. 

B. Prepare schematic diagrams of systems’ “as-built” duct layouts. 

C. For variable-air-volume systems, develop a plan to simulate diversity. 

D. Determine the best locations in main and branch ducts for accurate duct 
airflow measurements. 

E. Check airflow patterns from the outside-air louvers and dampers and the 
return- and exhaust-air dampers, through the supply-fan discharge and 
mixing dampers. 

F. Locate start-stop and disconnect switches, electrical interlocks, and motor 
starters. 

G. Verify that motor starters are equipped with properly sized thermal protection. 

H. Check dampers for proper position to achieve desired airflow path. 

I. Check for airflow blockages. 

J. Check condensate drains for proper connections and functioning. 
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K. Check for proper sealing of air-handling unit components. 

L. Check for proper sealing of air duct system. 

3.05 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

A. Adjust fans to deliver total indicated airflows within the maximum allowable 
fan speed listed by fan manufacturer. 

1. Measure fan static pressures to determine actual static pressure as 
follows: 

a. Measure outlet static pressure as far downstream from the fan as 
practicable and upstream from restrictions in ducts such as elbows and 
transitions. 

b. Measure static pressure directly at the fan outlet or through the flexible 
connection. 

c. Measure inlet static pressure of single-inlet fans in the inlet duct as 
near the fan as possible, upstream from flexible connection and 
downstream from duct restrictions. 

d. Measure inlet static pressure of double-inlet fans through the wall of 
the plenum that houses the fan. 

2. Measure static pressure across each component that makes up an air-
handling unit, rooftop unit, and other air-handling and -treating equipment. 

a. Simulate dirty filter operation and record the point at which 
maintenance personnel must change filters. 

3. Measure static pressures entering and leaving other devices such as 
sound traps, heat recovery equipment, and air washers, under final 
balanced conditions. 

4. Compare design data with installed conditions to determine variations in 
design static pressures versus actual static pressures.  Compare actual 
system effect factors with calculated system effect factors to identify 
where variations occur.  Recommend corrective action to align design and 
actual conditions. 

5. Obtain approval from Owners Representative for adjustment of fan speed 
higher or lower than indicated speed.  Make required adjustments to 
pulley sizes, motor sizes, and electrical connections to accommodate fan-
speed changes at no additional cost. 
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6. Do not make fan-speed adjustments that result in motor overload.  Consult 
equipment manufacturers about fan-speed safety factors.  Modulate 
dampers and measure fan-motor amperage to ensure that no overload will 
occur.  Measure amperage in full cooling, full heating, economizer, and 
any other operating modes to determine the maximum required brake 
horsepower. 

B. Adjust volume dampers for main duct, submain ducts, and major branch 
ducts to indicated airflows within specified tolerances. 

1. Measure static pressure at a point downstream from the balancing damper 
and adjust volume dampers until the proper static pressure is achieved. 

a. Where sufficient space in submain and branch ducts is unavailable for 
Pitot-tube traverse measurements, measure airflow at terminal outlets 
and inlets and calculate the total airflow for that zone. 

2. Remeasure each submain and branch duct after all have been adjusted.  
Continue to adjust submain and branch ducts to indicated airflows within 
specified tolerances. 

C. Measure terminal outlets and inlets without making adjustments. 

1. Measure terminal outlets using a direct-reading hood or outlet 
manufacturer’s written instructions and calculating factors. 

D. Adjust terminal outlets and inlets for each space to indicated airflows within 
specified tolerances of indicated values.  Make adjustments using volume 
dampers rather than extractors and the dampers at air terminals. 

1. Adjust each outlet in same room or space to within specified tolerances of 
indicated quantities without generating noise levels above the limitations 
prescribed by the Contract Documents. 

2. Adjust patterns of adjustable outlets for proper distribution without drafts. 

3.06 PROCEDURES FOR MOTORS 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the 
following data: 

1. Manufacturer, model, and serial numbers. 

2. Motor horsepower rating. 

3. Motor rpm. 
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4. Efficiency rating. 

5. Nameplate and measured voltage, each phase. 

6. Nameplate and measured amperage, each phase. 

7. Starter thermal-protection-element rating. 

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation 
at speeds varying from minimum to maximum.  Test the manual bypass for 
the controller to prove proper operation.  Record observations, including 
controller manufacturer, model and serial numbers, and nameplate data. 

3.07 PROCEDURES FOR CONDENSING UNITS 

A. Verify proper rotation of fans. 

B. Measure entering- and leaving-air temperatures. 

C. Record compressor data. 

3.08 PROCEDURES FOR HEAT-TRANSFER COILS 

A. Water Coils:  Measure the following data for each coil: 

1. Entering- and leaving-water temperature. 

2. Water flow rate. 

3. Water pressure drop. 

4. Dry-bulb temperature of entering and leaving air. 

5. Wet-bulb temperature of entering and leaving air for cooling coils. 

6. Airflow. 

7. Air pressure drop. 

B. Electric-Heating Coils:  Measure the following data for each coil: 

1. Nameplate data. 

2. Airflow. 

3. Entering- and leaving-air temperature at full load. 

15950-9 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
TESTING, ADJUSTING,    Bid Package 2 – Plant 1-2 Improvements 
AND BALANCING FOR HVAC  WBS No. S-000056-0071-4 

4. Voltage and amperage input of each phase at full load and at each 
incremental stage. 

5. Calculated kilowatt at full load. 

6. Fuse or circuit-breaker rating for overload protection. 

C. Refrigerant Coils:  Measure the following data for each coil: 

1. Dry-bulb temperature of entering and leaving air. 

2. Wet-bulb temperature of entering and leaving air. 

3. Airflow. 

4. Air pressure drop. 

5. Refrigerant suction pressure and temperature. 

3.09 PROCEDURES FOR TEMPERATURE MEASUREMENTS 

A. During TAB, report the need for adjustment in temperature regulation within 
the automatic temperature-control system. 

B. Measure indoor wet- and dry-bulb temperatures every other hour for a period 
of two successive 8-hour days, in each separately controlled zone, to prove 
correctness of final temperature settings.  Measure when the building or zone 
is occupied. 

C. Measure outside-air, wet- and dry-bulb temperatures. 

3.10 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING 
SYSTEMS 

A. Perform a preconstruction inspection of existing equipment that is to remain 
and be reused. 

1. Measure and record the operating speed, airflow, and static pressure of 
each fan. 

2. Measure motor voltage and amperage.  Compare the values to motor 
nameplate information. 

3. Check the refrigerant charge. 

4. Check the condition of filters. 

5. Check the condition of coils. 
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6. Check the operation of the drain pan and condensate drain trap. 

7. Check bearings and other lubricated parts for proper lubrication. 

8. Report on the operating condition of the equipment and the results of the 
measurements taken.  Report deficiencies. 

B. Before performing testing and balancing of existing systems, inspect existing 
equipment that is to remain and be reused to verify that existing equipment 
has been cleaned and refurbished. 

1. New filters are installed. 

2. Coils are clean and fins combed. 

3. Drain pans are clean. 

4. Fans are clean. 

5. Bearings and other parts are properly lubricated. 

6. Deficiencies noted in the preconstruction report are corrected. 

C. Perform testing and balancing of existing systems to the extent that existing 
systems are affected by the renovation work. 

1. Compare the indicated airflow of the renovated work to the measured fan 
airflows and determine the new fan, speed, filter, and coil face velocity. 

2. Verify that the indicated airflows of the renovated work result in filter and 
coil face velocities and fan speeds that are within the acceptable limits 
defined by equipment manufacturer. 

3. If calculations increase or decrease the airflow and water flow rates by 
more than 5 percent, make equipment adjustments to achieve the 
calculated airflow and water flow rates.  If 5 percent or less, equipment 
adjustments are not required. 

4. Air balance each air outlet. 

3.11 TEMPERATURE-CONTROL VERIFICATION 

A. Verify that controllers are calibrated and commissioned. 

B. Check transmitter and controller locations and note conditions that would 
adversely affect control functions. 

15950-11 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
TESTING, ADJUSTING,    Bid Package 2 – Plant 1-2 Improvements 
AND BALANCING FOR HVAC  WBS No. S-000056-0071-4 

C. Record controller settings and note variances between set points and actual 
measurements. 

D. Check the operation of limiting controllers (i.e., high- and low-temperature 
controllers). 

E. Check free travel and proper operation of control devices such as damper 
and valve operators. 

F. Check the sequence of operation of control devices.  Note air pressures and 
device positions and correlate with airflow and water flow measurements.  
Note the speed of response to input changes. 

G. Check the interaction of electrically operated switch transducers. 

H. Check the interaction of interlock and lockout systems. 

I. Check main control supply-air pressure and observe compressor and dryer 
operations. 

J. Record voltages of power supply and controller output.  Determine whether 
the system operates on a grounded or nongrounded power supply. 

K. Note operation of electric actuators using spring return for proper fail-safe 
operations. 

3.12 TOLERANCES 

A. Set HVAC system airflow and water flow rates within the following tolerances: 

1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus 5 to 
plus 10 percent. 

2. Air Outlets and Inlets:  0 to minus 10 percent. 

3. Heating-Water Flow Rate:  0 to minus 10 percent. 

4. Cooling-Water Flow Rate:  0 to minus 5 percent. 

3.13 FINAL REPORT 

A. General:  Typewritten, or computer printout in letter-quality font, on standard 
bond paper, in three-ring binder, tabulated and divided into sections by tested 
and balanced systems. 

B. Include a certification sheet in front of binder signed and sealed by the 
certified testing and balancing engineer. 
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1. Include a list of instruments used for procedures, along with proof of 
calibration. 

C. Final Report Contents:  In addition to certified field report data, include the 
following: 

1. Pump curves. 

2. Fan curves. 

3. Manufacturers’ test data. 

4. Field test reports prepared by system and equipment installers. 

5. Other information relative to equipment performance, but do not include 
Shop Drawings and Product Data. 

D. General Report Data:  In addition to form titles and entries, include the 
following data in the final report, as applicable: 

1. Title page. 

2. Name and address of TAB firm. 

3. Project name. 

4. Project location. 

5. Architect/Engineer’s name and address. 

6. Engineer’s name and address. 

7. Contractor’s name and address. 

8. Report date. 

9. Signature of TAB firm who certifies the report. 

10. Table of Contents with the total number of pages defined for each section 
of the report.  Number each page in the report. 

11. Summary of contents including the following: 

a. Indicated versus final performance. 

b. Notable characteristics of systems. 
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c. Description of system operation sequence if it varies from the Contract 
Documents. 

12. Nomenclature sheets for each item of equipment. 

13. Data for terminal units, including manufacturer, type size, and fittings. 

14. Notes to explain why certain final data in the body of reports varies from 
indicated values. 

15. Test conditions for fans and pump performance forms including the 
following: 

a. Settings for outside-, return-, and exhaust-air dampers. 

b. Conditions of filters. 

c. Cooling coil, wet- and dry-bulb conditions. 

d. Face and bypass damper settings at coils. 

e. Fan drive settings including settings and percentage of maximum pitch 
diameter. 

f. Inlet vane settings for variable-air-volume systems. 

g. Settings for supply-air, static-pressure controller. 

h. Other system operating conditions that affect performance. 

E. System Diagrams:  Include schematic layouts of air and hydronic distribution 
systems.  Present each system with single-line diagram and include the 
following: 

1. Quantities of outside, supply, return, and exhaust airflows. 

2. Water and steam flow rates. 

3. Duct, outlet, and inlet sizes. 

4. Pipe and valve sizes and locations. 

5. Terminal units. 

6. Balancing stations. 

7. Position of balancing devices. 
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3.14 ADDITIONAL TESTS 

A. Within 90 days of completing TAB, perform additional testing and balancing to 
verify that balanced conditions are being maintained throughout and to 
correct unusual conditions. 

B. Seasonal Periods:  If initial TAB procedures were not performed during near-
peak summer and winter conditions, perform additional testing, inspecting, 
and adjusting during near-peak summer and winter conditions. 

END OF SECTION 
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Section 16010 
 

BASIC ELECTRICAL REQUIREMENTS 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Basic requirements specifically applicable to the work of Division 16 - 
Electrical Requirements. 

 
B. The Contractor shall furnish all permits, equipment, materials, and labor for 

assembly and installation plus check out and start-up of electrical systems as 
shown on the Contract Drawings and stipulated in the Contract Specifications. 

 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

 
1.03 REFERENCES 
 

A. As a minimum requirement, the electrical system shall be constructed in 
accordance with: 

 
1. American National Standards Institute/National Fire Protection Association 

(ANSI/NFPA), No. 70 - National Electrical Code (NEC) as adopted by the 
City of Houston. 

 
2. City of Houston Building Code. 

 
3. Other applicable Codes and Standards. 

 
B. Comply with local, county, state and federal regulations and codes in effect. 
 
C. Equipment of foreign manufacture must meet U.S. codes and standards.   
 
D. Equipment and materials shall conform to requirements of these 

specifications.  
 

1.04 QUALITY ASSURANCE 
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A. Product Conformance Certificate and Quality Assurance Release.  Submit an 
overall conformance certificate for electrical components signed by the 
person responsible for product quality. 

 
B. Specifically identify the purchased material or equipment by project name and 

location, purchase order number, supplements, and item number where 
applicable, including materials and services provided by others.  Indicate that 
all requirements have been met and identify any approved deviations. 

 
C. Field Inspection 
 

1. Electrical work shall be inspected and approved by the local municipal 
code inspector, and the City Engineer prior to starting 7-day tests of 
equipment. 

 
2. Contractor shall give a minimum of one day’s notice to the Inspector that 

the installation is ready for inspection and two days’ notice to the City 
Engineer. 

 
3. Concealed work shall be inspected before it is covered: 

 
a. Conduit with stub-ups, underground in duct banks before concrete is 

poured. 
 

b. Conduit in slabs, walls and ceilings, complete with boxes. 
 

4. Electrical equipment and materials shall be inspected for compliance with 
specifications, upon arrival by the City Engineer. 

 
1.05 SITE CONDITIONS 

 
A. Take the following site conditions into consideration when fabricating, 

erecting, installing and wiring electrical equipment under this contract: 
 

1. Plant Location Houston 
 

2. Plant Type and Size Surface Water Plant 
 

3. Seismic Zone Zone 0 
 

4. Wind Velocity 135 mph 
 

5. Temperature, Min./Max.: 
 

a. Coldest Winter Month High - 60°F Low - 41°F 
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b. Warmest Summer Month High - 94°F Low - 73°F 
 
c. Lowest Expected 11°F 
 
d. Highest Expected 107°F 

 
6. Rainfall: 

 
a. Annual 45 inches 
 
b. Design 3.4 inches/hour, 8.4 inches/24 hours 

 
7. Design Relative Humidity: 98% 

 
8. Station Barometric Pressure: 

 
a. Average Annual 29.5 inches Hg Absolute. 
 

1.06 PRESENTATION OF INFORMATION ON DOCUMENTS 
 

A. The electrical portion of this project was designed by several consulting 
engineering firms.  There are variations among the consulting engineering 
firms in the way information is presented on the Contract Drawings.  The 
Contractor shall disregard differences in the presentation of information by the 
consulting engineering firms and shall provide equipment and installations 
which conform to the intent of the Contract Drawings and Specifications. 

 
1.07 SCHEDULED POWER OUTAGES 
 

A. Existing electrical systems and equipment at this plant will be modified during 
this project.  The Contractor shall study the Contract Documents and develop 
a schedule which identifies all power outages and power outage durations.  
The schedule of power outages shall be submitted no later than 120 days 
after NTP (Notice to Proceed).  See Specification 01110, Summary of Work, 
for requirements related to power outages and limitations as to when such 
work can be performed. 

 
1.08 COMPLETE SYSTEMS 
 

A. Electrical drawings and specifications in the Contract Documents are 
intended to establish the types of systems and functions, but not to identify 
each item essential to functioning of the various systems.  Electrical drawings 
are generally diagrammatic and show approximate locations and the basic 
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extent of the electrical work.  Install the work complete, including all items 
necessary to provide functional, complete working systems. 

 
 
PART 2: PRODUCTS 
 
2.01 COMPONENT DESIGN 
 

A. Components utilized in the construction of the material or equipment shall be 
of the latest proven design, new and in current production.  Do not use 
obsolete components or components to be phased out of production.  
Components must be of the most recent generation in current manufacture. 

 
2.02 FACTORY INSPECTION 

 
A. Provide free access with prior notice for the City Engineer at all times to the 

shop where the material or equipment is being fabricated or tested.  Provide 
reasonable facilities for inspection, witnessing tests, and examining records.  
Give 7-days notice prior to starting tests scheduled for factory inspection. 

 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Verify dimensions and ratings of equipment and materials to ensure proper fit 

and performance. 
 

3.02 INSTALLATION 
 
A. Install equipment and materials in accordance with the Contract Drawings 

and manufacturer's written instructions.  If field conditions necessitate 
changes in electrical installation, obtain approval from the City Engineer. 

 
3.03 DEMONSTRATION 

 
A. Test the electrical system to specification requirements and demonstrate 

correct installation and operation of equipment. 
 
B. Before performing 7-day test on equipment and systems, demonstrate the 

system to the City Engineer.  Show the system to be fully operational.  All 
alarms, safeties, and communication points to control rooms and locally must 
operate in both full-automatic and back-up modes.  Use fresh water as the 
test medium. 
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C. Operate the system continuously for a period of 7 days in full automatic, 
without failure, to qualify as acceptable.  "Failure" is considered any problem 
that requires correction by maintenance personnel, such as:  high or low 
water level, any motor alarm, power failure, phase failure, communication 
failure, PLC failure, or UPS failure.  This would exclude conditions not under 
the control of Contractor, such as: evident lightning strikes, 25-year rains, 
CenterPoint Energy power failure longer than the specified duration of service 
from UPS.  Failures due to uncontrollable situations would allow the 7-day 
test to continue, as soon as test conditions are restored and the City Engineer 
is notified. 

 
D. The existing water treatment plant shall remain in service during tests. 

 
 

END OF SECTION 
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Section 16060 
 

ELECTRICAL DEMOLITION 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Electrical Demolition.  Electrical Demolition is as indicated on the Contract 
Drawings. 

 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

 
1.03 REFERENCES 

 
A. Temporary wiring of systems to maintain operation of facilities while 

undergoing modifications and demolition shall be provided in accordance 
with: 

 
1. American National Standards Institute/National Fire Protection Association 

(ANSI/NFPA), No. 70 – National Electrical Code (NEC), Article No. 590 – 
Temporary Installations. 

 
1.04 SUBMITTALS 

 
A. Annotate existing drawings to sequence the demolition of systems, equipment 

removal, and temporary hook-ups. 
 
B. Schedule with City Engineer for required shut downs to accommodate system 

demolition and installation of temporary facilities. 
 

1.05 QUALITY ASSURANCE 
 
A. Verify field measurements and circuiting arrangements are as shown on 

drawings. 
 
B. Verify that abandoned wiring and equipment serve only abandoned facilities.  

Remove abandoned wiring and conduits. 
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C. Demolition items on the Contract Drawings are based on casual field 
observation and existing record documents.  Report discrepancies to the City 
Engineer before disturbing existing installations. 

 
D. By beginning demolition, installer accepts existing conditions and warrants 

that he will maintain service to equipment and items not scheduled or 
indicated for removal, and that he will return to the City all items and systems 
in good operating condition, or discard it at city option at no cost to the City. 

 
 
PART 2: PRODUCTS 
 
2.01 MATERIALS AND EQUIPMENT 
 

A. Materials and equipment for patching and extending work:  As specified in 
individual Sections. 

 
2.02 DESIGN AND CONSTRUCTION 
 

A. Temporary electrical wiring and facilities shall be designed and constructed in 
strict compliance with NEC - Article No. 590. 

 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Disconnect electrical systems in walls, floors, and ceilings scheduled for 

removal. 
 
B. Coordinate power outages with The Southeast Water Purification Plant 

Manager to provide continuous service to operating equipment. 
 
C. Provide temporary wiring and connections to maintain existing systems in 

service during construction.  When work must be performed on energized 
equipment or circuits, use personnel experienced in such operations.  Work to 
be carried out on energized equipment shall receive prior approval from the 
City Engineer. 

 
D. Existing Electrical Equipment:  Maintain existing system in service until new 

system is complete and ready for service.  Disable system only to make 
switchovers and connections.  Obtain permission from the City Engineer at 
least 21 days before partially or completely disabling system.  Minimize 
outage duration. 

 

16060-2 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 ELECTRICAL DEMOLITION 

3.02 DEMOLITION AND EXTENSION OF EXISTING ELECTRICAL WORK 
 
A. Remove, relocate, and extend existing installations to accommodate new 

construction. 
 

1. Remove abandoned wiring to source of supply, turn device off, mark as 
spare. 

 
2. Remove exposed abandoned conduit, including abandoned conduit above 

accessible ceiling finishes.  Cut conduit flush with walls and floors, and 
patch surfaces. 

 
3. Disconnect abandoned outlets and remove devices.  Remove abandoned 

outlets if conduit servicing them is abandoned and removed.  Provide 
blank cover for abandoned outlets not removed. 

 
4. Disconnect and remove abandoned panelboards and distribution 

equipment. 
 

5. Disconnect and remove electrical devices and equipment serving 
utilization equipment that has been removed. 

 
6. Repair adjacent construction and finishes damaged during demolition and 

extension work. 
 

7. Maintain access to existing active installations.  Modify installations or 
provide access panels as appropriate. 

 
8. Extend existing installations using materials and methods as specified for 

new work. 
 

3.03 DISPOSAL AND SALVAGE 
 
A. When items are to be removed, first check with the City Engineer to 

determine if any items are to be salvaged.  Deliver all items designated for 
salvage to the Electrical Maintenance Shop at the Administration Building at 
the Southeast Water Purification Plant. 

 
B. Materials and equipment that are not designated to be salvaged shall be 

removed and properly disposed of by the Contractor. 
 

3.04 CLEANING AND REPAIR 
 
A. Clean and repair existing materials and equipment which remain or are to be 

reused. 
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B. Panelboards:  Clean exposed surfaces and check tightness of electrical 

connections.  Replace damaged circuit breakers and provide closure plates 
for vacant positions.  Provide typed circuit directory showing revised circuiting 
arrangement.  

 
END OF SECTION
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16080 
ELECTRICAL TESTING 

PART 1  GENERAL 

1.01 - 1.02  (NOT USED) 

1.03 REFERENCES 

The publications listed below form a part of this specification to the extent 
referenced.  The publications are referred to in the text by basic designation only. 

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

450 Recommended Practice for Maintenance, Testing, and 
Replacement of Large lead Storage Batteries for Generator 
Stations and Substations. 

C2 National Electrical Safety Code 

C37.20.1 Metal-Enclosed Low Voltage Power Circuit Breaker Switchgear 

C37.20.2 Metal-Clad and Station-Type Cubicle Switchgear 

C37.20.3 Metal-Enclosed Interrupter Switchgear 

C62.33 Standard Test Specifications for Varistor Surge-Protective Devices 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

D665 Standard Test Method for Rust Preventing Characteristics of 
Inhibited Mineral Oil in the Presence of Water 

D877 Standard Test Method for Dielectric Breakdown Voltage of 
Insulating Liquids Using Disk Electrodes 

D923 Standard Test Method for Sampling Electrical Insulating Liquids 

D924 Standard Test Methods for A-Class Characteristics and Relative 
Permittivity (Dielectric Constant) of Electrical Insulating Liquids 

D971 Standard Test Method for Interfacial Tension of 0.1 Against Water 
by the Ring Method 

D974 Standard Test Method for Acid and Base Number by Color-
Indicator Titration 
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D1298 Standard Test Method for Density, Relative Density (Specific 
Gravity), or API Gravity of Crude Petroleum and Liquid Petroleum 
Products by Hydrometer Method 

D 1500 Standard Test Method for ASTM Color of Petroleum Products 

D 1524 Standard Test Method for Visual Examination of Used Electrical 
Insulating Oils of Petroleum Origin in the Field 

D1533 Standard Test Methods for Water in Insulating Liquids 

D1816 Standard Test Method for Dielectric Breakdown Voltage of 
Insulating Oils of Petroleum Origin Using VDE Electrodes 

D2285 Standard Test Method for Interfacial Tension of Electrical Insulating 
Oils of Petroleum Origin Against Water by the Drop-Weight Method 

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE) 

43 Recommended Practice for Testing Insulating Resistance of 
Rotating Machinery 

48 Standard Test Procedures and Requirements for High-Voltage 
Alternating-Current Cable Terminators 

81 Guide for Measuring Earth Resistivity, Ground Impedance, and 
Earth Surface Potentials of a Ground System 

95 Recommended Practice for Insulation Testing of Large AC Rotating 
Machinery with High Direct Voltage 

118 Standard Test Code for Resistance Measurement 

400 Guide for Making High-Direct-Voltage Tests on Power Cable 
Systems in the Field 

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) 

AB 4 Guideline for Inspection and Preventive Maintenance of Molded 
Case Circuit Breakers Used in Commercial and Industrial 
Applications 

PB 2 Deadfront Distribution Switchboards 

WC 7 Cross-Linked-Thermosetting-Polyethylene-Insulated Wire and 
Cable for the Transmission and Distribution of Electrical Energy 
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WC 8 Ethylene-Propylene-Rubber-Insulated Wire and Cable for the 
Transmission and Distribution of Electrical Energy 

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA): ATS, 
ACCEPTANCE TESTING SPECIFICATIONS FOR ELECTRICAL POWER 

DISTRIBUTION EQUIPMENT AND SYSTEMS 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

70 National Electrical Code (NEC) 

70E Standard for Electrical Safety Requirements for Employee 
Workplaces 

NATIONAL INSTITUTE FOR CERTIFICATION  
IN ENGINEERING TECHNOLOGIES (NICET) 

OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION (OSHA) 

AMERICAN PETROLEUM INSTITUTE 

API 500 

API 505 

1.04 – 1.05  (NOT USED) 

1.06 SUBMITTALS 

A. Informational Submittals: 

1. Submit 30 Days Prior to Performing Inspections or Tests: 

a. Schedule for performing inspection and tests. 

b. List of references to be used for each test. 

c. Sample copy of equipment and materials inspection form(s). 

d. Sample copy of individual device test form. 

e. Sample copy of individual system test form. 

2. Submit within 30 days after completion of test. 

3. Test or inspection reports and certificates for each electrical item 
tested. 
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4. Operation and Maintenance Data: 

a. In accordance with General Conditions. 

b. After test or inspection reports and certificates have been 
reviewed by OWNER and returned, insert a copy of each in 
operation and maintenance manual. 

1.07 QUALITY ASSURANCE 

A. Testing Firm Qualifications: 

1. Corporately and financially independent organization functioning as 
an unbiased testing authority. 

2. Professionally independent of manufacturers, suppliers, and 
installers, of electrical equipment and systems being tested. 

3. Employer of engineers and technicians regularly engaged in testing 
and inspecting of electrical equipment, installations, and systems. 

4. Supervising engineer accredited as Certified Electrical Test 
Technologist by National Institute for Certification of Engineering 
Technologists (NICET), or International Electrical Testing 
Association and having a minimum of 5 years testing experience on 
similar projects. 

5. Technicians certified by NICET or NETA. 

6. Assistants and apprentices assigned to project at ratio not to 
exceed two certified to one noncertified assistant or apprentice. 

7. Registered Professional Engineer to provide comprehensive project 
report outlining services performed, results of such services, 
recommendations, actions taken, and opinions. 

8. In compliance with OSHA Title 29, Part 1907 criteria for 
accreditation of testing laboratories or a full Member Company of 
International Electrical Testing Association. 

B. Test equipment shall have an operating accuracy equal to, or greater 
than, requirements established by NETA ATS. 

C. Test instrument calibration shall be in accordance with NETA ATS. 
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1.08 SEQUENCING 

A. Perform inspection and electrical tests after equipment has been installed.  

B. Perform tests with apparatus de-energized whenever feasible.  

1.09 SCHEDULING 

A. Inspection and Electrical Tests on Energized Equipment are to be: 

1. Scheduled with OWNER prior to de-energization. 

2. Minimized to avoid extended period of interruption to the operating 
plant equipment. 

B. Notify OWNER at least 24 hours prior to performing tests on energized 
electrical equipment. 

1.10 – 1.11  (NOT USED) 

PART 2  PRODUCTS  (NOT USED) 

PART 3  EXECUTION  

3.01 GENERAL 

A. Tests specified in this Section are to be performed in accordance with the 
equipment requirements 

B. Tests and Inspection shall Establish that: 

1. Electrical equipment is operational within industry and 
manufacturer’s tolerances. 

2. Installation operates properly. 

3. Equipment is suitable for energization. 

4. Installation conforms to requirements of Contract Documents and 
NFPA 70, NFPA 70E, and ANSI C2. 

C. Perform inspection and testing in accordance with NETA ATS, industry 
standards, and manufacturer’s recommendations. 

D. Set, test, and calibrate, circuit breakers, fuses and other applicable 
devices.  In accordance with values for a complete system. 
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E. Adjust mechanisms and moving parts for free mechanical movement. 

F. Adjust adjustable relays and sensors to correspond to operating 
conditions, or as recommended by manufacturer. 

G. Verify nameplate data for conformance to Contract Documents. 

H. Realign equipment not properly aligned and correct unlevelness. 

I. Properly anchor electrical equipment found to be inadequately anchored. 

J. Tighten accessible bolted connections, including wiring connections, with 
calibrated torque wrench to manufacturer’s recommendations, or as 
otherwise specified. 

K. Clean contaminated surfaces with cleaning solvents as recommended by 
manufacturer. 

L. Provide proper lubrication of applicable moving parts. 

M. Inform OWNER of working clearances not in accordance with NFPA 70.  

N. Investigate and Repair or Replace: 

1. Electrical items that fail tests. 

2. Active components not operating in accordance with 
manufacturer’s instructions. 

3. Damaged electrical equipment. 

O. Electrical Enclosures: 

1. Remove foreign material and moisture from enclosure interior. 

2. Vacuum and wipe clean enclosure interior. 

3. Remove corrosion found on metal surfaces. 

4. Repair or replace, as determined by OWNER, door and panel 
sections having dented surfaces. 

5. Repair or replace, as determined by OWNER, poor fitting doors and 
panel sections. 

6. Repair or replace improperly operating latching, locking, or 
interlocking devices. 
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7. Replace missing or damaged hardware. 

8. Finish: 

a. Provide matching paint and touch up scratches and mars. 

b. If required due to extensive damage, as determined by 
OWNER, refinish the entire assembly. 

P. Replace fuses and circuit breakers that do not conform to size and type 
required by the Contract Documents. 

Q. Replace transformer insulating oil not in compliance with ASTM D923. 

3.02 PREPARATION  (NOT USED) 

3.03 ERECTION/INSTALLATION/APPLICATION AND/OR CONSTRUCTION 

A. Dry Type Transformers 

1. Visual and Mechanical Inspection: 

a. Physical and insulator damage. 

b. Proper winding connections. 

c. Bolt torque level in accordance with NETA ATS, Table 10.1, 
unless otherwise specified by manufacturer.  

d. Defective wiring. 

e. Proper operation of fans, indicators, and auxiliary devices. 

f. Removal of shipping brackets, fixtures, or bracing. 

g. Free and properly installed resilient mounts. 

h. Cleanliness and improper blockage of ventilation passages. 

i. Verify that tap-changer is set at correct ratio for rated output 
voltage under normal operating conditions. 

j. Verify proper secondary voltage phase-to-phase and phase-
to-ground after energization and prior to loading. 

2. Electrical Tests: 

a. Insulation Resistance Tests: 
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(1) Applied megohmmeter dc voltage in accordance with 
NETA ATS, Table 7.2.3 for each: 

(a) Winding-to-winding. 

(b) Winding-to-ground. 

(2) 10-minute test duration with resistances tabulated at 
30 seconds, 1 minute, and 10 minutes. 

(3) Results temperature corrected in accordance with 
NETA ATS, Table 7.2.4. 

(4) Temperature corrected insulation resistance values 
equal to, or greater than, ohmic values established by 
manufacturer. 

(5) Insulation resistance test results to compare within 1 
percent of adjacent windings. 

b. Perform tests and adjustments for fans, controls, and alarm 
functions as suggested by manufacturer. 

B. Low Voltage Cables, 600 Volts Maximum 

1. Visual and Mechanical Inspection: 

a. Inspect Each Individual Exposed Power Cable No. 6 and 
Larger for: 

(1) Physical damage. 

(2) Proper connections in accordance with single-line 
diagram. 

(3) Cable bends not in conformance with manufacturer’s 
minimum allowable bending radius where applicable. 

(4) Color coding conformance with specifications. 

(5) Proper circuit identification. 

b. Mechanical 

(1) Proper lug type for conductor material. 

(2) Proper lug installation. 
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(3) Bolt torque level in accordance with NETA ATS, Table 
10.1, specified by manufacturer. 

c. Shielded Instrumentation Cables for: 

(1) Proper shield grounding. 

(2) Proper terminations. 

(3) Proper circuit identification. 

d. Control Cables for: 

(1) Proper termination. 

(2) Proper circuit identification. 

e. Cables Terminated Through Window Type CTs: Verify that 
neutrals and grounds are terminated for correct operation of 
protective devices. 

2. Electrical Tests for Conductors No. 6 and Larger: 

a. Insulation Resistance Tests: 

(1) Utilize 1,000-volt dc megohmmeter for 600-volt 
insulated conductors and 500-volt dc megohmmeter 
for 300-volt insulated conductors. 

(2) Test each conductor with respect to ground and to 
adjacent conductors per IEEE 118 procedures for 1 
minute. 

(3) Evaluate ohmic values by comparison with 
conductors of same length and type. 

(4) Investigate values less than 50 megohms. 

b. Continuity test by ohmmeter method to ensure proper cable 
connections. 
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C. Safety Switches, 600 Volts Maximum 

1. Visual and Mechanical Inspection: 

a. Proper blade pressure and alignment. 

b. Proper operation of switch operating handle. 

c. Adequate mechanical support for each fuse. 

d. Proper contact-to-contact tightness between fuse clip and 
fuse. 

e. Cable connection bolt torque level in accordance with NETA 
ATS, Table 10.1. 

f. Proper phase barrier material and installation. 

g. Verify that fuse sizes and types correspond to one-line 
diagram.  

h. Perform mechanical operational test and verify electrical and 
mechanical interlocking system operation and sequencing. 

2. Electrical Tests: 

a. Insulation Resistance Tests: 

(1) Applied megohmmeter dc voltage in accordance with 
NETA ATS, Table 10.2. 

(2) Phase-to-phase and phase-to-ground for 1 minute on 
each pole. 

(3) Insulation resistance values equal to, or greater than, 
ohmic values established by manufacturer. 

b. Contact Resistance Tests: 

(1) Contact resistance in microhms across each switch 
blade and fuse holder. 

(2) Investigate deviation of 50 percent or more from 
adjacent poles or similar switches. 

D. Molded and Insulated Case Circuit Breakers 
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1. General: Inspection and testing limited to circuit breakers rated 70 
amperes and larger and to motor circuit protector breakers rated 50 
amperes and larger. 

2. Visual and Mechanical Inspection: 

a. Proper mounting. 

b. Proper conductor size. 

c. Feeder designation according to nameplate and one-line 
diagram. 

d. Cracked casings. 

e. Connection bolt torque level in accordance with NETA ATS, 
Table 10.1. 

f. Operate breaker to verify smooth operation. 

g. Compare frame size and trip setting with circuit breaker 
schedules or one-line diagram. 

h. Verify that terminals are suitable for 75 degrees C rated 
insulated conductors. 

3. Electrical Tests: 

a. Insulation Resistance Tests: 

(1) Utilize 1,000-volt dc megohmmeter for 480- and 600-
volt circuit breakers and 500-volt dc megohmmeter for 
240-volt circuit breakers. 

(2) Pole-to-pole and pole-to-ground with breaker contacts 
opened for 1 minute. 

(3) Pole-to-pole and pole-to-ground with breaker contacts 
closed for 1 minute. 

(4) Test values to comply with NETA ATS, Table 10.2. 

b. Contact Resistance Tests: 

(1) Contact resistance in microhms across each pole. 

(2) Investigate deviation of 50 percent or more from 
adjacent poles and similar breakers. 
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c. Primary Current Injection Test to Verify: 

(1) Long-time minimum pickup and delay. 

(2) Short-time pickup and delay. 

(3) Ground fault pickup and delay. 

(4) Instantaneous pickup by run-up or pulse method. 

(5) Trip characteristics of adjustable trip breakers shall be 
within manufacturer’s published time-current 
characteristic tolerance band, including adjustment 
factors. 

(6) Trip times shall be within limits established by NEMA 
AB 4, Table 5-3. 

(7) Instantaneous pickup value shall be within values 
established by NEMA AB 4, Table 5-4. 

E. Grounding Systems 

1. Visual and Mechanical Inspection: 

a. Equipment and circuit grounds in motor control center, 
panelboard, switchboard, assemblies for proper connection 
and tightness.  

b. Ground bus connections in motor control center, panelboard, 
switchboard, assemblies for proper termination and 
tightness. 

c. Effective transformer core and equipment grounding. 

d. Accessible connections to grounding electrodes for proper fit 
and tightness. 

e. Accessible exothermic-weld grounding connections to verify 
that molds were fully filled and proper bonding was obtained. 

2. Electrical Tests: 

a. Fall-of-Potential Test: 

(1) In accordance with IEEE 81, Section 8.2.1.5 for 
measurement of main ground system’s resistance. 
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(2) Main ground electrode system resistance to ground to 
be no greater than 5 ohms. 

b. 2. Two-Point Direct Method Test: 

(1) In accordance with IEEE 81, Section 8.2.1.1 for 
measurement of ground resistance between main 
ground system, equipment frames, and system 
neutral and derived neutral points. 

(2) Equipment ground resistance shall not exceed main 
ground system resistance by 0.50 ohm. 

F. Motors 

1. General: Inspection and testing limited to motors rated 1/2 
horsepower and larger. 

2. Visual and Mechanical Inspection: 

a. Proper electrical and grounding connections. 

b. Shaft alignment. 

c. Blockage of ventilating air passageways. 

d. Operate Motor and Check for: 

(1) Excessive mechanical and electrical noise. 

(2) Overheating. 

(3) Correct rotation. 

(4) Check vibration detectors, resistance temperature 
detectors, or motor inherent protectors for 
functionability and proper operation. 

(5) Excessive vibration. 

e.  Check operation of space heaters. 

3. Electrical Tests: 

a. Insulation Resistance Tests: 

(1) In accordance with IEEE 43 at test voltages 
established by NETA ATS. 
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(2) Insulation resistance values equal to, or greater than, 
ohmic values established by manufacturers. 

b. Insulation resistance test on insulated bearings in 
accordance with manufacturer’s instructions. 

c. Measure running current and voltage, and evaluate relative 
to load conditions and nameplate full-load amperes. 

G. Low Voltage Surge Arrestors 

1. Visual and Mechanical Inspection: 

a. Adequate clearances between arrestors and enclosures. 

b. Ground connections to ground bus or electrode. 

2. Electrical Tests: 

H. Panelboards 

1. Visual and Mechanical Inspection: Include the following inspections 
and related work:  

a. Inspect for defects and physical damage, labeling, and 
nameplate compliance with requirements of up-to-date 
Drawings and panelboard schedules. 

b. Exercise and perform operational tests of mechanical 
components and other operable devices in accordance with 
manufacturer’s instruction manual. 

c. Check panelboard mounting, area clearances, and 
alignment and fit of components. 

d. Check tightness of bolted electrical connections with 
calibrated torque wrench.  Refer to manufacturer’s 
instructions for proper torque values.  

e. Perform visual and mechanical inspection for overcurrent 
protective devices. 

2. Electrical Tests: Include the following items performed in 
accordance with manufacturer’s instruction: 

I. Low Voltage Motor Control  
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1. Visual and Mechanical Inspection: 

a. Proper operation of indicating and monitoring devices. 

b. Proper overload protection for each motor. 

c. Improper blockage of air-cooling passages. 

d. Check door and device interlocking system. 

e. Check Nameplates for Proper Identification of: 

(1) Equipment title and tag number with latest one-line 
diagram. 

(2) Pushbuttons. 

(3) Control switches. 

(4) Pilot lights. 

(5) Control relays. 

(6) Circuit breakers. 

(7) Indicating meters. 

f. Verify fuse and circuit breaker sizes and types conform to 
Contract Documents. 

g. Verify current and potential transformer ratios conform to 
Contract Documents. 

h. Check bus connections for high resistance by low resistance 
ohmmeter.  Ohmic value to be zero. 

i. Check operation and sequencing of electrical and 
mechanical interlock systems. 

j. Verify performance of each control device and feature 
furnished as part of motor control. 

k. Control Wiring: 

(1) Compare wiring to local and remote control, and 
protective devices with elementary diagrams. 

(2) Check for proper conductor lacing and bundling. 
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(3) Check for proper conductor identification. 

(4) Check for proper conductor lugs and connections. 

l. Exercise active components. 

m. Inspect Contactors for: 

(1) Correct mechanical operations. 

(2) Correct contact gap, wipe, alignment, and pressure. 

(3) Correct torque of all connections. 

n. Compare overload heater rating with full-load current for 
proper size. 

o. Compare circuit breaker with motor characteristics for proper 
size. 

p. Perform phasing check on double-ended motor control 
centers to ensure proper bus phasing from each source. 

2. Electrical Tests: 

a. Insulation Resistance Tests: 

(1) Applied megohmmeter dc voltage in accordance with 
NETA ATS, Table 100.1. 

(2) Starter section phase-to-phase and phase-to-ground 
on each phase with starter contacts closed and 
protective devices open.  

(3) Test values to comply with NETA ATS, Table 100.1. 

b. Current injection through overload unit at 300 percent of 
motor full-load current and monitor trip time: 

(1) Trip time in accordance with manufacturer’s published 
data. 

(2) Investigate values in excess of 120 seconds.  

c. Control Wiring Tests: 
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(1) Apply secondary voltage to control power and 
potential circuits. 

(2) Check voltage levels at each point on terminal boards 
and each device terminal. 

(3) Insulation resistance test at 1,000 volts dc on control 
wiring except that connected to solid state 
components: Insulation resistance to be 1 megohm 
minimum. 

d. Operational test by initiating control devices to affect proper 
operation. 

3.04 – 3.10  (NOT USED) 

3.11 MEASUREMENT AND PAYMENT 

No separate payment for work performed under this Section. Include cost of work 
performed under this Section in Contract prices bid for items of which this work is 
a component part.  

 

END OF SECTION
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Section 16111 
 

CONDUIT, FITTINGS, AND BODIES 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specification for Conduit, Fittings and Bodies.  See Specification Section 
16402, Underground Duct Banks, for additional requirements. 

 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

 
B. Under Section 00410, Part B, Paragraph C, Contractor is required to provide 

unit prices for furnishing and installing equipment and materials specified 
under this section. These bid items are included to provide a price for 
additional quantities of equipment and materials required to complete the 
project, as authorized in advance by the Construction Manager, beyond the 
quantities necessary to complete the work included in Base Bid Item in 
Section 00410, Part B, Paragraph B. Final quantities for unit price bid items 
will be determined in accordance with the General Conditions and Section 
01270 – Measurement and Payment. 

 
C. Under Section 00410, Part B, Paragraph C, Contractor is required to provide 

a unit price for a specified quantity of conduit(s), specified under this section. 
This Bid Item is included to provide a price for additional quantities of 
conduit(s) all types, required to complete the project, beyond the quantities 
necessary to complete the Work included in the Base Bid Item No. 3 in 
Section 00410 Part B, Paragraph B. Unit Bid Price shall include all labor, 
materials, warranty, equipment and incidentals. Final quantities for unit price 
bid items will be determined in accordance with the General Conditions and 
Section 01270 – Measurement and Payment. Extra unit price work is paid 
only when authorized in advance by the CM/PM 

 
1.03 RELATED SECTIONS 
 

A. Specification 16195, Electrical Identification. 
 
B. Specification 16600, Underground System. 

 
1.04 REFERENCES 
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A. American National Standards Institute (ANSI) 
 

1. ANSI C80.1:  Rigid Steel Conduit - Zinc Coated 
 

2. ANSI C80.3:  Electrical Metallic Tubing - Zinc Coated 
 

3. ANSI C80.4:  Fittings for Rigid Metal Conduit 
 

4. ANSI C80.5:  Rigid Aluminum Conduit 
 

B. Federal Specifications 
 

1. W-C-58C:  Conduit Outlet Boxes, Bodies Aluminum and Malleable Iron 
 

2. W-C-1094:  Conduit and Conduit Fittings Plastic, Rigid 
 

3. WW-C-566C:  Liquid Tight Flexible Metal Conduit 
 

4. WW-C-581D:  Coatings on Steel Conduit 
 

C. National Electrical Manufacturers Association (NEMA) 
 

1. NEMA RN1:  Polyvinyl-Chloride Externally Coated Galvanized Rigid Steel 
Conduit and Electrical Metallic Tubing 

 
2. NEMA TC2:  Electrical Plastic Tubing (EPT) and Conduit (EPC-40 and 

EPC-80) 
 

3. NEMA TC3:  PVC Fittings for Use with Rigid PVC Conduit and Tubing 
 

D. National Fire Protection Association (NFPA), ANSI/NFPA 70 - National 
Electrical Code (NEC) 

 
E. Underwriters' Laboratories (UL) 

 
1. UL 1:  Liquid Tight Flexible Metal Electrical Conduit 

 
2. UL 6:  Rigid Metal Electrical Conduit 

 
3. UL 514B:  Fittings for Conduit and Outlet Boxes 

 
4. UL 651:  Schedule 80 Rigid PVC Conduit 

 
5. UL 651A:  Type EB and A Rigid PVC Conduit and HDPE Conduit 
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6. UL 797:  Electrical Metallic Tubing 
 

7. UL 886:  Electrical Outlet Boxes and Fittings for Use in Hazardous 
Locations 

 
8. UL 1684:  Reinforced Thermosetting Resin Conduit 

 
1.05 SUBMITTALS 

 
A. Submit the following under the provisions of Section 01330 - Submittal 

Procedures: 
 

1. Manufacturer's cut sheets, catalog data 
 

2. Installation, terminating and splicing procedure 
 

3. Instruction for handling and storage 
 

4. Dimensions and weight 
 

5. Code compliance certificate 
 

6. Conformance certificate 
 

1.06 QUALITY ASSURANCE 
 

A. Tests 
 

1. Rigid steel conduit shall pass the bending, ductility, and thickness of zinc 
coating tests described by ANSI C80.1. 

 
2. Liquid tight flexible conduit shall pass the tension, flexibility, impact, and 

zinc coating test described by UL 1. 
 

3. Nonmetallic conduit and fittings shall pass the test requirements of NEMA 
TC2, UL 651 and 651A and Federal specification W-C-1094A. 

 
1.07 DELIVERY STORAGE AND HANDLING 

 
A. Package conduit in 10-foot bundles maximum, except for PVC conduits which 

may be up to 20 feet in length, with conduit and coupling thread protectors 
suitable for indoor and outdoor storage.  Package fittings in manufacturer's 
standard quantities and packaging suitable for indoor storage.   
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B. Store conduit above ground on racks to prevent corrosion and entrance of 
debris. 

 
PART 2: PRODUCTS 
 
2.01 MATERIALS AND EQUIPMENT 
 

A. Design Conditions.  Use electrical conduit, fittings, and bodies designed for 
service in areas as specified in Section 16010 - Basic Electrical Requirements 
and this section to form a continuous raceway system for power, control, and 
instrument cables or any combination thereof. 

 
B. Conduit and Fittings 

 
1. Rigid Aluminum Conduit and Fittings 

 
a. Rigid Aluminum Conduit, bends, nipples, bodies, etc., shall be 

manufactured from aluminum alloy 6063-T1 and shall comply with the 
latest ANSI C80.5 requirements. 
 

b. Fittings for Rigid Aluminum Conduit shall be cast aluminum with cast 
aluminum covers attached to the conduit fitting by stainless steel 
captive screws. 
 

2. Rigid Steel Conduit and Fittings 
 

a. Rigid Steel Conduit, bends, nipples, bodies, etc., shall be hot-dipped 
galvanized and shall comply with the latest ANSI C80.1, UL 6, Federal 
Specification WW-C-581D, and NEC Article 344. 
 

b. Mild steel tubing shall be used for conduit, nipples, and couplings, and 
shall be free of defects on both the inner and outer surfaces. 
 

c. Fittings and bodies and covers for rigid steel conduit shall be steel or 
cast-iron and shall comply with ANSI C80.4, UL 514B, and Federal 
Specification W-C-58C. 
 

3. Electrical Metallic Tubing and Fittings 
 

a. Electrical Metallic Tubing (EMT) shall be galvanized steel tubing and 
shall comply with the latest ANSI C80.3 and UL 797 requirements. 

 
b. EMT fittings shall be galvanized malleable iron or steel compression 

type which tighten around the tubing by use of hex compression nuts.  
EMT connectors shall have insulated throats.  Zinc or pot metal 
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compression fittings are not acceptable.  Set screw EMT fittings are 
also not acceptable.   
 

4. Liquid Tight Flexible Metal Conduit and Fittings 
 

a. Use liquid tight flexible metal conduit with spiral-wound, square locked, 
hot dip galvanized steel strip, manufactured in accordance with UL 1 
and Federal specification WW-C-566C. 
 

b. Fittings used with liquid tight flexible metal conduit shall be galvanized 
steel or malleable iron and of such design as to thoroughly ground the 
conduit to the fittings, and through it to the box or enclosure to which it 
is attached. 
 

c. Liquid tight flexible couplings and fittings for use in hazardous areas 
shall comply with UL 886, NEC Article 501, and Federal Specification 
W-C-586C. 
 

5. PVC Conduit and Fittings.  Use PVC conduit, bends, and fittings, which 
comply with NEMA TC2, W-C-1094, and NEC Article 352 for above 
ground and underground installation.  Conduit shall be Schedule 40 where 
conduit is concrete encased and Schedule 80 for all other applications. 

 
6. Epoxy Fiberglass Conduit and Fittings 

 
a. Use epoxy fiberglass conduit, bends and fittings which comply with UL 

1684 and NEC Article 352 for underground applications. 
 
b. Where used for bends greater than 15 degrees in underground duct 

bank conduits, provide epoxy fiberglass bends with a deep socket PVC 
coupling factory attached to each end of each bend. 

 
c. When used for stub-ups, provide an epoxy fiberglass elbow with a 

vertical epoxy fiberglass nipple to extend the conduit upward to a 
termination point.  Join the elbow to the nipple with an epoxy fiberglass 
straight socket connection joined with epoxy adhesive.  On the top of 
the epoxy fiberglass nipple, provide an epoxy fiberglass conduit 
adapter to transition to rigid aluminum conduit.  On the underground 
end of the epoxy fiberglass elbow, provide a factory attached deep 
socket PVC coupling to transition to Schedule 40 PVC conduit. 

 
d. Epoxy fiberglass conduit shall have a wall thickness of 0.070” for sizes 

¾” through and including 4” conduit.  A wall thickness of 0.096” shall 
be provided for 5” epoxy fiberglass conduit. 
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e. An acceptable manufacturer of epoxy fiberglass conduit is Champion 
Fiberglass, 6400 Spring Stuebner Road, Spring, TX 77389, 281-655-
8900. 

 
7. PVC-Coated Rigid Steel Conduit and Fittings 
 

a. PVC-coated conduit, fittings, bodies, and covers shall be Form 8 and 
conform to NEMA RN 1 (Type A). Rigid steel galvanized conduit and 
fittings shall conform to Federal Specifications WW-C-581 D and ANSI 
C 80.1. PVC-coated rigid metal conduit must be UL listed with PVC as 
the primary corrosion protection. Conduit bodies shall conform to UL 
514 B and Federal Specification W-C-58 C. PVC-coated fittings for 
general service locations must be UL listed with the PVC as the 
primary corrosion protection. Provide sufficient coating for touch-up 
after installation. 

 
b. PVC-coated couplings shall be of the ribbed type. 

 
c. Condulet covers shall have encapsulated stainless steel thumb 

screws. 
 

d. Condulets and covers shall be of malleable iron or ferroalloy material 
before coating. 

 
e. Urethane coating shall be a minimum of 2 mil thickness on the interior 

of the conduit and the interior of fittings, condulets, covers, and bodies. 
 

f. PVC coated rigid steel conduit shall have the PVC coating adhesion 
tested to conform to the “ETL Verified PVC-001” label. 

 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Ensure that the conduit system to be installed is sized properly for the cable 

and wire requirements. 
 

B. Verify the actual physical conduit route from the conduit plan drawings and 
prepare the conduit support system. 

 
C. Verify the equipment locations to which the conduit will be connected and 

determine detail requirements for connections. 
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3.02 INSTALLATION 
 

A. Install Rigid Aluminum Conduits in all indoor and outdoor locations, unless a 
different type of conduit is identified below for a specific application.  

 
B. Install Schedule 80 PVC conduits in all indoor areas where chemicals are 

stored, metered, pumped or processed. 
 

C. Install Rigid Steel Conduits inside valve vaults and valve manholes.   
 

D. Install Schedule 40 PVC conduits for all underground applications including 
all single conduits, duct banks, and where conduits are encased in concrete 
slabs. See Specification 16600, Underground System, for additional 
requirements. The minimum bending radius for underground Schedule 40 
PVC conduits shall be: 24” for conduits 2” and smaller; 36” for 2-½” and 3” 
conduits; and 48” for conduits larger than 3”. For stub-ups, use epoxy 
fiberglass elbows with an appropriate length epoxy fiberglass nipple to extend 
the conduit to the surface of the concrete or 12” above grade where concrete 
will not be poured.  Install a conduit adapter with threaded plug flush with the 
top surface of the concrete or 12” above grade in dirt areas where concrete 
will not be poured. The threaded plug shall be removed when the conduit is 
extended. Where stub-ups are in dirt, concrete encase PVC conduits 6” 
above grade. 

 
E. EMT conduits shall only be used where concealed in walls of air conditioned 

rooms or above lay-in ceilings in air conditioned rooms. EMT conduits shall 
not be installed exposed at any locations. 

 
F. Run exposed conduit parallel or perpendicular to walls, ceilings or main 

structural members. Group multiple conduits together where possible.  
Conduit shall not interfere with the use of passageways, doorways, overhead 
cranes, monorails, equipment removal areas or working areas. In no case 
shall conduit routing present a safety hazard or interfere with normal plant 
operating and maintenance procedures.  A minimum overhead clearance of 
8'-0" shall be maintained in passageways. 

 
G. Installation and support of conduits shall be from steel or concrete structures 

using Type 316 stainless steel Unistrut P1000 (or equivalent by other 
vendors) attached with Type 316 stainless steel bolts, expansion anchors and 
associated hardware. Furnish necessary Type 316 stainless steel conduit 
straps, clamps, fittings, rods and supports for the conduit in accordance with 
standard construction practices. Above lay-in ceilings in air conditioned 
rooms, EMT conduits shall be supported using hot-dip galvanized steel 
Unistrut P1000 (or equivalent by other vendors) with hot-dip galvanized steel 
hardware. 
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H. Identify conduits at termination points like MCC, light fixtures, control panels, 

receptacles, and junction boxes. 
 

I. Not more than 3 equivalent 90 degree bends will be permitted between 
outlets.  Provide bonded expansion fittings at building expansion joints. 

 
J. Install conduit runs so that they are mechanically secure, mechanically 

protected from physical harm, electrically continuous, and neat in 
appearance. The interiors of conduit shall provide clean, smooth raceways 
through which conductors may he drawn without damage to the insulation.  
Make threaded connections wrench tight. 

 
K. Cut conduit square with a power saw or a rotary type conduit cutter designed 

to leave a flat face. Do not use plumbing pipe cutters for cutting conduit.  
Ream the cut ends of conduit with a reamer, designed for the purpose to 
eliminate rough edges and burrs. Threads shall be cut with standard conduit 
dies providing 3/4 inch taper per foot, allowing the proper length so that joints 
and terminals may be made up tight and the ends of the conduit not 
deformed. Keep dies sharp and use a good quality threading oil continuously 
during the threading operation.  Remove metal cuttings and oil from the 
conduit ends after the threads are cut. 

 
L. Make up changes in direction of conduit using elbows or fittings.  Do not use 

pull boxes to make direction changes unless specifically designated 
otherwise. 

 
M. Field fabricated bends shall be free of indentations or elliptical sections.  The 

radius of the bends shall not be less than listed in Paragraph 3.02 (this 
paragraph) of this specification. 

 
N. Protect all conduit terminations from mechanical injury.  Prevent the entry of 

moisture and foreign mater into the conduit system shall be prevented by 
properly capping terminations. 

 
O. Avoid trapped runs of conduit, if possible.  When they are necessary, provide 

drainage using a "tee" condulet equipped with a drain.  Conduit is likely to 
pass through areas with a temperature differential of 20 degrees F or more or 
conditioned space to unconditioned space.  Seal penetrations with a proper 
seal fitting at the wall or barrier between such areas.  For conduit passing 
through walls separating pressurized areas from non-pressurized areas, 
install sealing fittings at the wall on the non-pressurized side. 

 
P. Fit all conduit crossing building or structure expansion joints with approved 

expansion fittings, except that fittings will not be required when conduit 

16111-8 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 CONDUIT, FITTINGS AND BODIES 

crossing an expansion joint is supported on trapeze hangers in such a way 
that at no time will the conduit be under stress due to expansion.  Install 
bonding jumpers around expansion joint fittings. 

 
Q. Where conduit terminates in sheet metal enclosures and where no threaded 

hubs are provided, fit the conduit with double locknuts and bushings.  Sheet 
metal enclosures located outside or in any other wet, damp or corrosive areas 
shall be furnished with threaded hubs.  Restrict side penetrations to the lower 
one third of the enclosure. 

 
R. Provide liquid tight flexible metallic conduit where necessary to allow for 

movement or to localize sound or vibration, at transformers, at motors and 
any other rotating equipment unless shown otherwise on Contract Drawings. 

 
S. Seal all openings or holes where conduits pass through walls or floors.  When 

passing thru a firewall or floor, use a fire-rated seal.  Certain walls, as 
indicated on the drawings, require environmental (air-tight) seals; seal as 
indicated on the Drawings. 

 
T. Install explosion-proof seals in conduit runs crossing or entering a hazardous 

classified area (as shown on Contract Drawings).  Install type CSBE 
removable sealing fittings to seal pump cables between wet well and first 
junction box. 

 
U. Unless otherwise indicated on the Contract Drawings, install expansion 

fittings every 300 feet within a straight conduit run and where conduit crosses 
building expansion joints, using bonding straps to ensure ground continuity. 

 
V. Parallel runs of conduit may be supported by structural steel racks.  When 

two or more racks are arranged one above the other, provide vertical 
separation of not less than 12 inches between racks, unless otherwise 
indicated on the Contract Drawings.  Space conduits on the racks at least 
enough to provide 1/4-inch clearance between hubs on adjacent conduits at 
terminations and to allow room for fittings. 

 
W. Fill conduit racks no more than 75 percent of their capacity, providing usable 

space for future conduit.  To ensure this, conduits leaving the rack 
horizontally shall be offset up or down so that future conduits may be installed 
in the space remaining.  Construct conduit racks to permit access for wire or 
cable pulling at all pull points, even when future conduits are added to fill the 
racks. 

 
X. Where conduit racks are supported on rods from beam clamps or by some 

other non-rigid suspension system, install rigid supports at no more than 50-
foot intervals to give lateral stability to the rack. 
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Y. Conduit racks or hangers must in no way interfere with machinery (or its 

operation), piping, structural members, process equipment, or access to 
anticipated future equipment.  Refer to architectural, structural, equipment 
layout and piping drawings to ensure that this requirement is met.  Label high 
voltage conduit with the circuit phase-to-phase voltage by means of a firmly 
attached tag or label of approved design at each conduit termination, on each 
side of walls or barriers pierced and at intervals not exceeding 200 feet along 
the entire length of the conduit. 

 
Z. Support conduit sizes 2 inches and larger at spacings not exceeding 10 feet 

and conduit sizes 1-1/2 inches and smaller at spacings not exceeding 8 feet. 
 

AA. Support conduit runs with Type 316 stainless steel conduit clamps, hangers, 
straps and Type 316 stainless steel metal framing channel attached to 
structural steel members. 

 
BB. Install conduits supported form building walls with at least 1/4-inch clearance 

from the wall to prevent the accumulation of dirt and moisture behind conduit. 
 

CC. The minimum conduit size shall be 3/4-inch. 
 

DD. Provide conduit tags for conduits as indicated in Specification 16195, 
Electrical Identification. 

 
END OF SECTION
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Section 16120 
 

600-VOLT INSULATED WIRE 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specifications for 600-volt insulated wire for power and controls. 
 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 
 

B. Payment for extra unit price work shall be as defined in the extra unit price 
schedule. 

 
C. Under Section 00410, Part B, Paragraph C, Item No. 1, Contractor is required 

to provide a unit price for a specified quantity of conduit(s), specified under 
this section. This Bid Item is included to provide a price for additional 
quantities of conduit(s) required to complete the project, beyond the quantities 
necessary to complete the Work included in the Base Bid Item No. 3 in 
Section 00410 Part B, Paragraph B.  Unit Bid Price shall include all labor, 
material, warranty, equipment and incidentals. Final quantities for unit price 
bid items will be determined in accordance with the General Conditions and 
Section 01270 – Measurement and Payment. Extra unit price work is paid 
only when authorized in advance by the CM/PM 

 
1.03 RELATED SECTIONS 
 

A. Section 16195 - Electrical Identification. 
 

1.04 REFERENCES 
 

A. American National Standards Institute/National Fire Protection Association 
(ANSI/NFPA), NFPA 70 - National Electrical Code (NEC), Article 310 - 
Conductors for General Wiring 

 
B. Underwriter's Laboratories (UL) 

 
1. UL 83:  Thermoplastic Insulated Wires and Cables 

 
2. UL 1063:  Machine Tool Wires and Cables 
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C. American Society for Testing and Materials (ASTM) 
 

1. ASTM B3:  Soft or Annealed Copper Wires 
 

2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium 
Hard, Soft 

 
D. Insulated Cable Engineers Association (ICEA), ICEA S-61-402:  

Thermoplastic-Insulated Wire and Cable for the Transmission and Distribution 
of Electrical Energy (NEMA WC-5) 

 
1.05 SUBMITTALS 
 

A. Submit the following under the provisions of Section 01330 - Submittal 
Procedures. 

 
1. Manufacturer's cut sheets, catalog data 

 
2. Instruction for handling and storage 

 
3. Dimensions and weight   

 
4. Conformance certificate 

 
1.06 QUALITY ASSURANCE 
 

A. Tests.  Cable shall meet all the requirements of Part 6 of ICEA S-61-402. 
 

B. Conformance Certificate and Quality Assurance Release.  Submit a 
conformance certificate signed by the person responsible for product quality.  
The certificate shall specifically identify the purchased material or equipment; 
such as by the project name and location, purchase order number, 
supplements, and item number where applicable, including materials and 
services provided by others.  The certificate shall indicate that requirements 
have been met and identify any approved deviations. 

 
1.07 DELIVERY, STORAGE, AND HANDLING 
 

A. Ship wire and cable on manufacturer's standard reel sizes unless otherwise 
specified. Where cut lengths are specified, mark reel footage accordingly.  
Each reel shall contain one continuous length of cable.  Provide impact 
protection by wood lagging  or suitable barrier across the traverse of the reel.  
Provide moisture protection by using manufacturer's standard procedure or 
heat shrinkable self-sealing end caps applied to both ends of the cable. 
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PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. American Insulated Wire Corporation 
 

B. Carol Cable Company, Inc. 
 

C. General Cable Company 
 

D. Houston Wire and Cable 
 

E. Okonite Company 
 

F. Rome Cable Company 
 

G. Triangle Wire and Cable, Inc. 
 
2.02 600-VOLT INSULATED WIRE 
 

A. Design.  Provide insulated wire designated as XHHW-2 single conductor type 
and UL 83 and UL 1063 listed, rated 600 volts and certified for continuous 
operation at maximum conductor temperature of 90 degrees C in dry 
locations and 90 degrees C in wet locations while installed in underground 
duct, conduit or in control panels. 

 
B. Conductors.  Provide conductors which are Class B, concentric-stranded, 

annealed uncoated copper with physical and electrical properties complying 
with ASTM B3 and B8 and Part 2 of ICEA S-61-402. 

 
C. Insulation.  Each conductor shall be insulated with cross linked synthetic 

polymer. The insulation thickness shall match the dimensions listed in Table 
310-13 of the National Electrical Code (NEC) for type XHHW-2 wire.  Contract 
Drawing “STD-E-3” indicates that control wiring is to have THHN insulation.  
Disregard this requirement and provide XHHW-2 insulation for control wiring. 

 
D. Wire Marking 

 
1. Wire marking shall be in accordance with National Electrical Code (NEC) 

Article 310-11 and shall be printed on the wire insulation at 2-foot 
intervals. 

 
2. The printing method used shall be permanent and the color shall sharply 

contrast with the jacket color. 
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E. Single conductor color coding for power conductors follows.  When colored 
insulated conductors are not available, wrap color tape around ends of 
conductors. 

 
System Voltage A B C Neutral 
 
120/240 Volt 1Ph/3w Black Red  White 
208/120 Volt 3Ph/4w Black Red Blue White 
120/240 Volt 3Ph/4w Black Orange Blue White 
480/277 Volt 3Ph/4w Brown Purple Yellow Grey 
Ground  Green 

 
2.03 600-VOLT INSULATED MULTI-CONDUCTOR CABLE 
 

A. Multi-conductor cable shall consist of an assembly of individual XHHW-2 
insulated wires with an overall flame retardant PVC jacket over the multi-
conductor assembly.  The PVC jacket minimum thickness shall be 45 mils. 

 
B. Cable Marking 

 
1. Wire marking shall be in accordance with National Electrical Code (NEC) 

Article 310-11 and shall be printed on the wire insulation at 2-foot 
intervals. 

 
2. The printing method used shall be permanent and the color shall sharply 

contrast with the jacket color. 
 
2.04 POWER CONDUCTOR SIZES NO. 12 AND 10 AWG 
 

A. Dry Locations 
 

1. Minimize splices 
 
2. Use twist type pressure connectors which screw-on conductors to splice 

wires.  Connectors shall be factory insulated for 600 volts and rated for 
105 degrees C. 

 
3. Use Buchanan B-CAP wire connectors or 3M Scotchlok spring 

connectors. 
 

B. Wet Locations 
 

1. Minimize splices 
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2. Splice conductors with copper (not CU/AL) crimp type compression 
sleeves.  Cover splices with heat shrink sleeves, Raychem Type WCSM 
(tubing type sleeves) or Raychem Type CRSM (split sleeve with stainless 
steel closure spline). 

 
2.05 POWER CONDUCTORS NO. 8 AWG AND LARGER 
 

A. All locations 
 

1. Minimize splices. 
 
2. Splice conductors with copper (not CU/AL) crimp type compression 

sleeves.  Cover splices with heat shrink sleeves, Raychem Type WCSM 
(tubing type sleeves) or Raychem Type CRSM (split sleeve with stainless 
steel closure spine). 

 
3. Terminate power conductors no. 8 AWG and larger with copper crimp type 

compression lugs.  Conductors 4/0 AWG and larger shall be terminated 
with long barrel two-hole lugs. 

 
2.06 CONTROL WIRES 
 

A. Dry Locations 
 

1. Do not splice control wires unless there is not other way to make the 
installation. 

 
2. Terminate all control wires on terminal blocks in junction boxes, terminal 

cabinets, control cabinets and in equipment.  Use insulated crimp type tin-
plates copper terminals with locking fork ends (upturned leg ends) to 
terminate control wires on terminal blocks. 

 
B. Wet Locations 
 

1. Do not splice control wires unless there is no other way to make the 
installation. 

 
2. Splice conductors with copper (not CU/AL) crimp type compression 

sleeves.  Cover splices with heat shrink sleeves, Raychem Type WCSM 
(tubing type sleeves) or Raychem Type CRSM (split sleeve with stainless 
steel closure spine). 
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PART 3: EXECUTION 
 
3.01 PREPARATION 
 

A. Complete the cable raceway systems and underground duct banks before 
installing cables. 

 
B. Verify sizing of raceways and pull boxes to ensure proper accommodation for 

the cables. 
 

C. Check the length of the cable raceway system against the length of cable on 
the selected reel. 

 
D. Clean conduits of all foreign matter before cables are pulled. 

 
3.02 INSTALLATION 
 

A. Wiring Methods 
 

1. Use XHHW-2 wire for lighting, power and control wiring where conductors 
are enclosed in raceways like in above ground conduit systems or in 
underground duct banks. 

 
2. Do not use solid conductors. 

 
3. Use conductors not smaller than No. 12 AWG stranded for lighting circuits. 

  
4. Use conductors not smaller than No. 14 AWG for control circuits, unless 

specifically directed otherwise on the Contract Drawings. 
 

5. Splice conductors only where absolutely necessary.  Splices must be 
minimized.  Use the longest conductor lengths possible to reduce the 
number of splices. 

 
6. Splices associated with taps for lighting and control circuits are allowed. 

 
7. Make splices in accessible junction boxes. 

 
B. Wire and Cable Identification 
 

1. Provide wire and cable tags for control wiring ad indicated in Specification 
Section 16195, Electrical Identification. 

 
2. Provide color coding tape on power wire and cables without colored 

insulation or jackets. 
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C. Single Conductors in Conduit and Duct bank 

 
1. Install cables in accordance with the manufacturer's instructions and the 

National Electrical Code (NEC), Chapter 3 - Wiring Methods and 
Materials.  Do not exceed maximum wire tension, maximum insulation 
pressure and minimum bending radius. 

 
2. Pull cables into conduits using Polywater J pulling lubricant. 

 
D. Tests 

 
1. In general, test insulation integrity of the wiring system before terminating. 

  
2. Make sure to disconnect sensitive electronic equipment before testing 

insulation. 
 

3. Use a 500 VDC megohmmeter and perform a megger insulation test on 
every conductor in accordance with the operating instructions.  Provide a 
test report for conductors size 4/0 AWG and larger.  Tests for conductors 
size 250 kcmil and larger shall be witnessed by a City Engineer 
designated representative. 

 
E. Termination 

 
1. After the 600-volt wiring system has been tested with satisfactory results, 

reconnect wire. 
 

END OF SECTION
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SECTION 16123 
 

MEDIUM VOLTAGE POWER CABLE 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specifications for medium voltage power cable. 
 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section. 
 

1.03 RELATED SECTIONS 
 

A. Section 16195 – Electrical Identification. 
 

1.04 REFERENCES 
 

A. American Society for Testing and Materials (ASTM). 
 

1. ASTM B3:  Soft or Annealed Copper Wires 
 

2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium 
Hard, Soft 

 
B. Institute of Electrical and Electronics Engineers (IEEE), IEEE 383-2.5. 

 
C. Insulated Cable Engineers Association (ICEA). 

 
1. ICEA P-45-482:  Short-Circuit Performance of Metallic Shielding and 

Sheaths of Insulated Cable. 
 

2. ICEA S-68-516:  Ethylene-Propylene-Rubber-Insulated Wire and Cable for 
the Transmission and Distribution of Electrical Energy (NEMA WC-8). 

 
D. Underwriters' Laboratories (UL), UL 1072:  Medium-Voltage (Type MV) Solid-

Dielectric Cables 
 

E. American National Standards Institute/National Fire Protection Association 
(ANSI/NFPA), 70 National Electrical Code (NEC), Chapter No. 3 - Wiring 
Methods and Materials. 
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1.05 SUBMITTALS 
 

A. Submit the following under the provisions of Section 01330 - Submittal 
Procedures. 

 
1. Completed engineer's data sheets 

 
2. Completed manufacturer's data sheets 

 
3. Manufacturer's cut sheets, catalog data 

 
4. Name of electrical testing company to be employed 

 
5. Impulse voltage test record 

 
6. Installation, terminating and splicing procedure 

 
7. Instruction for handling and storage 

 
8. Dimensions and weight 

 
9. Conformance certificate 

 
1.06 QUALITY ASSURANCE 
 

A. Tests 
 

1. Cable shall be tested at the factory to confirm that the cable complies with 
requirements of Parts 2, 3, 4, and 5 of ICEA S-68-516.  Test methods 
shall comply with the requirements of Part 6 of ICEA S-68-516. 

 
2. Where applicable, the cable shall meet the requirements of the vertical 

tray flame test as described in IEEE 383-2.5. 
 
1.07 DELIVERY STORAGE AND HANDLING 
 

A. Ship cable on manufacturer's standard reel sizes unless otherwise specified.  
Where cut lengths are specified, mark reel footage accordingly.  Each reel 
shall contain one continuous length of cable. 

 
Reels shall be of the type specified on the data sheets.  Provide impact 
protection by wood lagging or suitable barrier across the traverse of the reel.  
Provide moisture protection by manufacturer's standard procedure or heat 
shrinkable self-sealing end caps applied to both ends of the cable. 
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PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS (If requirements of this specification are 

satisfied) 
 

A. Okonite Company 
 

B. Pirelli Cable Corporation 
 

C. Rome Cable Corporation 
 

D. Southwire Corporation 
 
2.02 MATERIALS AND EQUIPMENT 
 

A. Design.  Provide cable with the following design characteristics.  Cable shall 
be UL listed type MV-90, rated at 5 kV with 133% insulation level (115 mils).  
Cables will be used on three phase, 60 HZ systems operating at 2.4 kV. 

 
B. Conductors.  Provide conductors which are bare, uncoated copper, class B 

stranded per ASTM B3, B8 and B33. 
 

C. Conductor Shielding.  Use conductor with a shield composed of extruded 
semi-conducting compound applied in accordance with the Part 2 of ICEA S-
68-516. 

 
D. Insulation.  Conductor insulation shall be extruded ethylene propylene rubber 

(EPR) with a thickness of 115 mils (5 kV). 
 

E. Insulation Shielding.  Provide each insulated conductor with an extruded 
insulation shield consisting of a nonmetallic covering located directly over the 
insulation and a copper tape shield helically applied over the insulation shield.  
The materials used in the insulation shield and the method of construction 
shall comply with Part 4 of ICEA S-68-516 and UL-1072. 

 
1. The short-circuit capacity of the conductor insulation shielding shall be the 

larger value of either the capacity defined in ICEA P-45-482 or that shown 
in the following table: 
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 Shield Diameter Short-Circuit Short-Circuit 
 Inches Amps for 8 Cycles Amps for 16 Cycles 
 1/2 1400 1000 
 3/4 2100 1500 
 1 2800 2000 
 1-1/4 3500 2500 
 1-1/2 4200 3000 
 1-3/4 5000 3500 
 2 5700 4000 
 2-1/4 6400 4500 
 2-1/2 7100 5000 
 2-3/4 7800 5500 
 3 8500 6000 

 
F. Jacket.  When medium voltage power cables are enclosed in conduit, duct or 

in other raceway systems, the cables shall be of the non-armored type with 
an overall nonmetallic PVC jacket covering single conductor cables as 
specified conforming to the requirements of Part 4 of ICEA S-68-516. 

 
G. Splices.  None will be permitted. 

 
H. Cable Terminations.  Tyco Electronics, Energy Products Division, Raychem 

Type HVT-Z for terminations on 5 kV cable.  Use non-skirted heat shrinkable 
stress control tubing for indoor terminations. 

 
I. Motor Connections.  Tyco Electronics, Energy Products Division, Raychem 

GelCap 8 Motor Connection Kits. 
 

J. Marking.  Mark the jacket of cables as required by paragraphs 201, 202, 203, 
and 204 of UL 1072, unless otherwise specified. 

 
K. Pulling lubricant.  Polywater J. 

 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 
 

A. Complete cable raceway systems, underground duct banks, and cable 
support systems before installing cables. 

 
B. Verify sizing of raceways and pullboxes to ensure proper accommodation for 

the cables. 
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C. Check the length of the cable raceway system against the length of cable on 
the selected reel. 

 
D. Do not install or work on insulated or jacketed cables in temperatures below  

32 degrees F. 
 
3.02 INSTALLATION 
 

A. Cable in Conduit and Ductbank 
 

1. Clean conduits of all foreign matter before cables are pulled. 
 

2. Install cables in accordance with the manufacturer's instructions and the 
National Electrical Code (NEC).  Do not exceed maximum wire tension, 
maximum insulation pressure, and minimum bending radius. 

 
3. Pull cables into conduits using adequate lubrication to reduce friction.  

Lubricants must not be harmful to the conductor insulation. 
 

B. Cable in Tray (Not Used) 
 

C. Preparation for Termination 
 

1. Install the minimum number of splices possible. 
 

2. Make terminations of cables at switchgear and motors as indicated in 
Paragraph 2.02 of this specification. 

 
3. Use copper crimp-on terminal lugs and connectors for all sizes of 

conductors. 
 

4. Use crimp-on lugs with long barrel and two-hole tongues, except in places 
where terminations space is limited. 

 
D. Cable Identification 
 

1. Attach conduit tags to medium voltage power cables in manholes and at 
termination points in switchgear, transformer motors, VFDs and similar 
location.  See Specification Section 16195, Electrical Identification. 

 
E. Fire Proofing 

 
1. Fireproof each set of feeder cables which enter a manhole in a conduit (A, 

B, and C phases) for the entire length exposed in a manhole.  Use 2 
layers of Scotch 77 tape with Scotch 69 glass cloth overlay wrapped in the 
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opposite direction.  Provide a minimum 50 percent overlay of each layer of 
Scotch 77 tape. 

 
F. Tests 

 
1. Before connecting the medium voltage cables, test insulation integrity. 

 
2. Contractor shall employ an electrical testing company with minimum 10 

years experience in testing industrial electrical equipment, to perform 
Megger and Partial Discharge tests on newly installed cables.  The 
technician performing the tests shall have a minimum of two years 
experience performing the specified tests and shall be certified by the 
manufacturer of the test equipment. 

 
Submit name and qualifications of the electrical testing company and 
testing technicians for review and approval by owner’s representative prior 
to testing cables. 

 
3. The megger test shall be the first test performed.  Use a 10 kV DC 

megohmmeter, Biddle Megger No. MIT-1020, and perform cable insulation 
tests in accordance with the operating instructions.  The technician 
performing the megger test shall determine if the tested cable is 
satisfactory and suitable for partial discharge testing. 

 
4. Termination 

 
a. After the cable has been megger tested with satisfactory results, 

terminate the medium voltage cable at both ends to designated 
terminal points. 

 
b. Tighten connection bolts with a torque wrench to specified torque 

levels. 
 

5. The Partial Discharge test shall be the second test performed.  The cable 
system to be tested shall be energized at the normal system voltage after 
all splices, terminations and connections to equipment have been made.  
The tests shall be made using a Hipotronics/Robinson DDX-7000 SL 
Digital Partial Discharge Detector.  Analysis of Partial Discharge tests 
shall be made with DDX-DA3 software.  A report shall be generated for 
each tested cable which includes:  PD Value versus Phase, PD value 
versu Time Intensity, Fractal Chart and Fingerprint.  The technician 
performing the Partial Discharge Test shall determine if the tested cable is 
satisfactory or the cable must be replaced. 
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6. Record test data for each cable test, complete with signatures of the City 
Engineer or designated representative who witnesses the testing.  All 
Megger and Partial Discharge cable tests for the entire project shall be 
combined in three ring binders and submitted as part of the O&M 
manuals. 

 
 

END OF SECTION 
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Section 16126 
 

INSTRUMENTATION CABLE 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specifications for instrumentation cable. 
 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

 
1.03 RELATED SECTIONS 
 

A. Section 16195 – Electrical Identification. 
 

1.04 REFERENCES 
 

A. American Society for Testing and Materials (ASTM). 
 

1. ASTM B3:  Soft or Annealed Copper Wires. 
 

2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium 
Hard, Soft. 

 
3. ASTM B33:  Tinned Soft or Annealed Copper Wire for Electrical Purposes. 

 
B. Institute of Electrical and Electronics Engineers (IEEE), IEEE 383-2.5:  IEEE 

Standard for Type Test of Class IE Electric Cables, and Field Splices. 
 

C. Insulated Cable Engineers Association (ICEA). 
 

1. ICEA S-61-402:  Thermoplastic-Insulated Wire and Cable for the 
Transmission and Distribution of Electrical Energy (NEMA WC-5). 

 
2. ICEA S-66-524:  Cross-Linked-Thermosetting-Polyethylene-Insulated Wire 

and Cable for the Transmission and Distribution of Electrical Energy 
(NEMA WC-7). 

 
3. ICEA S-68-516:  Ethylene-Propylene-Rubber-Insulated Wire and Cable for 

the Transmission and Distribution of Electrical Energy (NEMA WC-8). 
 
 

16126-1 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

INSTRUMENTATION CABLE WBS No. S-000056-0071-4  
 

D. Underwriters' Laboratories (UL). 
 

1. UL 44:  Rubber Insulated Wires and Cables. 
 

2. UL 83:  Thermoplastic Insulated Wire and Cables. 
 

E. American National Standards Institute/National Fire Protection Association 
(ANSI/NFPA), NFPA No. 70 - National Electrical Code (NEC), Chapter No. 3 - 
Wiring Methods and Materials, Article 725 - Class 1, Class 2, and Class 3 
Remote Control, Signaling, and Power-Limited Circuits. 

 
1.05 SUBMITTALS 
 

A. Submit the following under the provisions of Section 01330 – Submittal 
Procedures: 

 
1. Completed manufacturer's data sheets, cut sheets, and catalog data. 

 
2. Installation, terminating and splicing procedure (including bending radius 

and pulling tension data). 
 

3. Instruction for handling and storage. 
 

4. Dimensions and weight. 
 
1.06 QUALITY ASSURANCE 
 

A. Tests 
 

1. Cable shall be tested at the factory to confirm that the cable complies with 
requirements of ICEA Section 7.7.9 of S-66-524 or 7.5.9 of S-68-516. 

 
2. Where applicable, the cable shall meet the requirements of the vertical 

tray flame test as described in IEEE 383-2.5. 
 
1.07 DELIVERY, STORAGE AND HANDLING 
 

A. Ship cable on manufacturer's standard reel sizes unless otherwise specified.  
Where cut lengths are specified, mark reel footage accordingly.  Each reel 
shall contain one continuous length of cable. Provide impact protection by 
wood lagging or suitable barrier across the traverse of the reel.  Provide 
moisture protection by manufacturer's standard procedure or heat shrinkable 
self-sealing end caps applied to both ends of the cable. 
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PART 2: PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. Alpha Wire Corporation 
 

B. Belden Division, Cooper Industries, Inc. 
 

C. Cablec Continental Cables Company 
 

D. General Cable Company 
 

E. Houston Wire and Cable 
 

F. Manhattan Electric Cable Corporation 
 

G. Okonite Company 
 

H. Southwire Corporation 
 
2.02 MATERIALS AND EQUIPMENT 
 

A. Design.  Provide cable with the following design characteristics.  The cable 
shall consist of multiple conductors.  The cable assembly shall be UL listed, 
flame, oil and sunlight resistant, and certified for continuous operation in wet 
or dry locations while installed in underground duct or conduit. Each 
conductor shall be individually insulated.  Pairs and triads shall have 
conductors which are twisted together with a drain wire, shielded, and 
covered with a jacket.  Multi-pair/triad cables shall consist of the required 
number of electrically isolated, shielded pairs or triads, which are bundled 
together and covered by a PVC overall jacket. 

 
B. Conductors.  Provide conductors which are Class B, concentric stranded, 

annealed tinned copper whose physical and electrical properties comply with 
ASTM B3, B8 or B33. 

 
C. Insulation.  Each conductor shall have 600-volt PVC insulation.  The minimum 

insulation thickness shall not be less than 15 mils of PVC with a 4 mil nylon 
jacket with an overall 90 degree C rating. 

 
D. Drain Wire.  Provide drain wire which is Class B, seven-stranded, tin-coated 

copper in accordance with ASTM B3, B8, or B33.  The drain wire shall not be 
less than two AWG sizes smaller than the insulated conductor's size, except 
for multiple pair triad drain wires, which shall not be less than the insulated 
conductor size. 
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E. Shielding.  Provide shielding consisting of laminated, nonburning, mylar-
backed aluminum tape applied helically around a twisted pair or triad with the 
aluminum side in continuous contact with the drain wire.  Wrap the tape 
around each twisted pair or triad with a 25 percent minimum overlap. 

 
F. Jacket.  The pair or triad outer jacket shall be a minimum of 60 mils of PVC. 

 
G. Conductor Identification.  Use individual conductors in single-pair and single-

triad cables which are color coded black and white; and black, white and red, 
respectively. Multi-pair triad cables shall have one conductor in each pair or 
triad colored white, and all other conductors shall be color coded in sequence. 

 
H. Cable Marking.  Print cable marking information on the jacket of each cable at 

2-foot intervals.  Use a permanent printing method with color sharply 
contrasting the jacket color. 

 
2.03 TERMINATIONS 
 

A. Terminate instrument cables on terminal blocks in junction boxes, terminal 
cabinets control cabinets and in equipment.  Use insulated crimp type tin-
plated copper terminals with locking fork ends (upturned leg ends) to 
terminate instrument cables on terminal blocks. 

 
B. Instrument cables shall not be spliced in underground pull boxes. 

 
2.04 CABLE IDENTIFICATION 
 

A. Provide cable tags for instrument cables as indicated in Specification Section 
16195, Electrical Identification. 

 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 
 

A. Complete cable raceway systems, underground duct banks and cable support 
systems before installing cables. 

 
B. Verify sizing of raceways and pullboxes to ensure proper accommodation for 

the cables. 
 

C. Check the length of the cable raceway system against the length of cable on 
the selected reel. 
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D. Do not install or work on PVC insulated or jacketed cables in temperatures 
below 32 degrees F. 

 
E. Clean conduits of foreign matter before cables are pulled. 

 
F. Provide at least 25 percent spare pairs or triads. 

 
3.02 INSTALLATION 
 

A. Cable in Conduit and Duct bank 
 

1. Install cables in accordance with the manufacturer's instructions and NEC 
Article  
725 - Class 1, Class 2, and Class 3 Remote Control, Signaling and Power 
Limited Circuits.  Do not exceed maximum wire tension, maximum 
insulation pressure and minimum bending radius. 

 
2. Pull cables into conduits using Polywater J lubricant to reduce friction.  

Lubricants must not be harmful to the conductor insulation or cable jacket. 
 

B. Cable in Tray.  (Not Used) 
 

C. Termination 
 

1. Do not splice conductors.  Use insulated crimp type tin-plated copper 
terminals with locking fork ends (upturned leg ends) to terminate cables to 
terminal blocks. 

 
2. For shielded control cable, terminate the shield and ground at one end 

only, preferably at the control panel end for instrument and communication 
cable and at the supply end for electronic power cables. 

 
3. Mark wiring on both ends with circuit numbers or loop tag numbers.  Heat 

shrink wire tags after wire terminals have been installed. 
 

D. Tests 
 

1. Before connecting the cables, test insulation integrity and conductor 
continuity. 

 
2. Use a 500 VDC megohmmeter and perform the cable insulation test in 

accordance with the operating instructions. 
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E. Termination.  After the 600-volt instrument cable has been tested with 
satisfactory results, the cable shall be terminated at both ends to the 
designated terminal points. 

 
 

END OF SECTION
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Section 16131 
 

DEVICE, PULL, AND JUNCTION BOXES 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specifications for device, pull, and junction boxes. 
 
1.02 MEASUREMENT AND PAYMENT 

 
A. No separate payment will be made for work performed under this Section.  

Include the cost for this work in the lump sum Base Bid Item. 
 
1.03 REFERENCES 
 

A. American National Standards Institute/National Electrical Manufacturers 
Association (ANSI/NEMA). 

 
1. FB1 - Fittings and Support for Conduits and Cable Assemblies 

 
2. 250 - Enclosures for Electrical Equipment (1000 volts maximum) 

 
B. American National Standards Institute/National Fire Protection Association 

(ANSI/NFPA), NFPA70 - National Electrical Code (NEC) - Article 370 - Outlet 
Device, Pull and Junction Boxes, Conduit Bodies and Fittings. 

 
C. Underwriters Laboratories (UL): 

 
1. 50 - Safety Cabinets and Boxes 

 
2. 508 - Safety Industrial Control Equipment 

 
3. 514B - Safety Fittings for Conduit and Outlet Boxes 

 
4. 886 - Safety Outlet Boxes and Fittings for Use in Hazardous Areas 

 
1.04 SUBMITTALS 
 

A. Submit the following under provisions of Section 01330 – Submittal 
Procedures: 

 
1. Manufacturer's cut sheets, catalog data 
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2. Instruction for handling and storage 

 
3. Installation instructions 

 
4. Dimensions and weights 

 
1.05 DELIVERY, STORAGE AND HANDLING 
 

A. Pack and crate boxes to permit ease of handling and to provide protection 
from damage during shipping, handling and storage. 

 
 
PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. Stainless Steel Boxes 
 

1. Hoffman Industrial Products 
 

2. Pauluhn Electric Manufacturing Company 
 

3. Hennessy 
 

4. Tanco 
 

5. Tejas 
 

6. Circle A.W. 
 

B. Cast Device Boxes 
 

1. Appleton Electric Company 
 

2. Crouse-Hinds, Division of Cooper Industries 
 

3. Killark Electric Manufacturing Company 
 
2.02 MATERIALS AND EQUIPMENT 
 

A. Stainless Steel Boxes 
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1. Provide UL-approved junction boxes and pull boxes manufactured from 
Type 316 stainless steel sheet metal and meeting requirements of NEMA 
4X for corrosive and wet area, NEMA 250 and NEC Article 370. 

 
2. Provide boxes with a Type 316 stainless steel continuous hinge, closure 

hasps and all- stainless steel hardware. 
 

3. Furnish the door with neoprene gasket and provision for padlock. 
 

B. Device Boxes 
 

1. Provide UL-approved boxes designed and manufactured to house 
electrical devices like receptacles and switches, and in conformance with 
NEMA FB1 and NEC Article 370. 

 
2. Supply boxes that are cast aluminum or 316 stainless steel, suitable for 

corrosive and wet atmosphere. 
 

C. Hardware 
 

1. Mounting Hardware:  Type 316 Stainless steel 
 

2. Conduit Connectors:  Watertight as manufactured by Myers Hubs, or 
equal. 

 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 
 

A. Review the drawings and determine how many boxes of each kind are 
required and check if supplied quantity is sufficient. 

 
3.02 INSTALLATION 
 

A. Boxes described in this specification shall be used both in dry and wet, 
corrosive areas, both inside and outside locations. 

 
B. Install boxes in accordance with NEC Article 370 in locations indicated on the 

Contract Drawings. 
 

C. Install junction and pull boxes in readily accessible places to facilitate wire 
pulls, maintenance and repair. 

 
D. Plug unused conduit openings. 
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E. Make conduit connections to sheet metal boxes with watertight conduit 

connectors. 
 

END OF SECTION 
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Section 16140 
 

WIRING DEVICES 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specifications for wiring devices including: 
 

1. Receptacles 
 

2. Wall switches. 
 

3. Wall plates and cover plates. 
 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

 
1.03 REFERENCES 
 

A. American National Standards Institute/National Electrical Manufacturers 
Association (ANSI/NEMA): 

 
1. NEMA WD1 - General Purpose Wiring Devices. 

 
2. NEMA WD6 - Dimensional Requirements. 

 
B. Federal Specifications (WC-596F). 

 
C. American National Standards Institute/National Fire Protection Association 

(NFPA): 
 

1. NFPA No. 70 - National Electrical Code (NEC), Articles 210 Branch 
Circuits, 250 Grounding and 410, Paragraphs 56, 57 and 58. 
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1.04 SUBMITTALS 
 

A. Submit the following under provisions of Section 01330 - Submittal 
Procedures: 

 
1. Product Data:  Manufacturer's product literature and specifications 

including dimensions, weights, certifications and instructions for handling, 
storage and installation. 

 
1.05 DELIVERY, STORAGE AND HANDLING 
 

A. Pack and crate devices to permit ease of handling and protect from damage 
during shipping, handling and storage. 

 
 
PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. Hubbel Inc. Wiring Devices Division 
 

B. Pass & Seymour/Legrand. 
 

C. TayMac Corporation 
 
2.02 MATERIALS AND EQUIPMENT 
 

A. Standards:  Conform to NEMA WD1 for general requirements and NEMA 
WD6 for dimensional requirements. 

 
B. Manufacture devices to heavy-duty industrial specification grade with brown 

nylon bodies back and side wiring provisions and green-colored grounding 
screws. 

 
C. Receptacles: 

 
1. Duplex-type receptacles:  Rated 20 amps at 120 volts.  

 
2. Contacts:  Brass or phosphor bronze. 

 
3. Receptacle grounding system:  Extend to the mounting strap unless 

isolated ground is indicated or required. 
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4. GFI or GFCI (ground fault circuit interrupter) receptacles:  Provide feed-
through type with test and reset button. 

 
D. Wall Switches: 

 
1. Toggle switches:  Rated 20 amps at 120/277 volts AC rated for both 

resistive and inductive loads. 
 

2. Contacts:  Silver cadmium oxide construction to prevent sticking, welding 
and excessive pitting. 

 
E. Cover Plates: 

 
1. In outdoor, corrosive and wet areas, provide cover plates of cast metal, 

gasketed with spring-loaded hinged covers and stainless steel hardware. 
 

2. All other plates:  Type 302 stainless steel. 
 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 
 

A. Verify that device boxes are correctly placed. 
 

B. Verify that the correct quantity, size and type of wires are pulled to each 
device box. 

 
C. Verify that wiring has been checked at both ends. 

 
D. Prepare wire ends for connection to devices. 

 
E. Inspect each wiring device for defects. 

 
3.02 INSTALLATION 
 

A. Install products in accordance with manufacturer's instructions. 
 

B. Install devices plumb and level. 
 

C. Install switches with OFF position down. 
 

D. Install receptacles with grounding pole on top. 
 

E. Connect wiring device grounding terminal to outlet box with bonding jumper. 
 

16140-3 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

WIRING DEVICES WBS No. S-000056-0071-4  
 
 

F. Connect wiring devices by wrapping conductors clockwise around screw 
terminals. 

 
G. Install cover plates on switch, receptacle and blank outlets in finished areas. 

 
H. Energize and test devices for proper operation. 

 
 

END OF SECTION
 

 
16140-4 

09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 
WBS No. S-000056-0071-4 PANELBOARDS 
 

Section 16161 
 

PANELBOARDS 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specifications for panelboards. 
 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

 
1.03 REFERENCES 
 

A. American National Standards Institute/National Electrical Manufacturers 
Association (ANSI/NEMA) 

 
1. NEMA AB1:  Molded Case Circuit Breakers 

 
2. NEMA PB1:  Panelboards 

 
3. NEMA PB1.1:  Instruction for Safe Installation Operation and Maintenance 

of Panelboards rated 600 volts or less. 
 

4. NEMA PB1.2:  Application Guide for Ground-fault Protective Devices for 
Equipment 

 
B. Federal Specifications, FS W-C-375A:  Circuit Breakers, Molded Case, 

Branch Circuit and Service. 
 

C. American National Standards Institute/National Fire Protection Association 
(ANSI/NFPA), NFPA No. 70 - National Electrical Code (NEC), Article 384 - 
Switchboards and Panelboards. 

 
1.04 SUBMITTALS 
 

A. Submit the following under provisions of Section 01330 – Submittal 
Procedures: 

 
1. Manufacturer's cut sheets and catalog data 
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2. Breaker arrangement 
 

3. Breaker characteristic curves 
 

4. Instruction for handling and storage 
 

5. Installation instructions 
 

6. Dimensions and weights 
 
1.05 DELIVERY, STORAGE AND HANDLING 
 

A. Have panelboards packed and crated to permit ease of handling and to 
provide protection from damage during shipping, handling and storage. 

 
 
PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. Cutler-Hammer  
 

B. General Electric 
 

C. Siemens Energy and Automation 
 

D. Square D Company 
 
2.02 MATERIALS AND EQUIPMENT 
 

A. Basic Requirements 
 

1. Use panelboards manufactured and tested in accordance with NEMA PB 
1. 

 
2. Provide circuit breakers of industrial grade, manufactured and tested in 

accordance with NEMA AB 1 and Federal Specification FS W-C-375. 
 

3. Do not exceed 42 available single pole branch circuits in any one 
panelboard. 

 
B. Rating 

 
1. Voltage rating, current rating, number of phases, number of wires and 

number of poles are indicated on Contract Drawings. 
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2. Branch circuit breaker interrupting capacity shall be minimum 10,000 
ampere RMS symmetrical for 208V, and 240V; 25,000 ampere RMS 
symmetrical for 277V and 480V.  

 
C. Circuit Breakers:  Molded case, bolt-on thermal magnetic type with number of 

poles and trip ratings as shown on the Contract Drawings.  Provide ground 
fault interrupters with trip rating where shown on the Contract Drawings. 

 
D. Bus System 

 
1. Bus Bars:  98 percent conductivity copper.   Provide a solid neutral bar in 

4-wire panelboards.  Include ground bus in all panels.  Provide split-bus 
panels where shown on Contract Drawings. 

 
2. Main:  Circuit breaker or main lugs only as indicated on the Contract 

Drawings or as required to meet the current interrupting ratings. 
 

E. Box and Trim 
 

1. Construction:  Code grade steel, ample gutter space, flush door, flush 
snaplatch and lock. 

 
2. Trim:  Surface or flush as required.  Enclose panelboards located 

outdoors, or in other wet and corrosive areas in NEMA 4X weatherproof 
Type 316 stainless steel enclosures.  Enclose indoor panelboards in a 
NEMA 1 enclosure with manufacturer's standard gray enamel finish. 

 
3. Directory:  Typed card, with glass cover in frame on back of door giving 

the circuit numbers and the area or equipment served. 
 

F. Conduit Connectors:  Watertight as manufactured by Myers Hubs, or equal. 
 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 
 

A. Review Drawings to verify that panelboards are correct for the application. 
 
3.02 INSTALLATION 
 

A. Install the panelboard in accordance with NEMA PB 1.1 and NEC Article 384. 
 

B. Mount panelboards 6'-0" (to top of cabinet) above finished floor or grade. 
 

16161-3 
09-14-2015 



East Water Purification Plant – Chemical Feed Systems Improvements 
Bid Package 2 – Plant 1-2 Improvements 

PANELBOARDS WBS No. S-000056-0071-4  
 
 

C. In wet and corrosive areas, including outdoor locations, install panel 
enclosures on spacers to provide approximately 1/4-inch between back of 
cabinet and mounting surface. 

 
D. In wet and corrosive areas, including outdoor locations, connect conduit to the 

bottom of enclosure and to the lower 30 percent of the sides using watertight 
connectors. 

 
 

END OF SECTION 
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Section 16170 
 

GROUNDING AND BONDING 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Grounding electrodes and conductors 
 

B. Equipment grounding conductors 
 

C. Bonding 
 

D. Power system grounding 
 

E. Communication system grounding 
 

F. Electrical equipment and raceway grounding and bonding 
 

G. Control equipment grounding 
 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

 
1.03 REFERENCES 
 

A. American Society for Testing and Materials (ASTM) 
 

1. ASTM B3:  Soft or Annealed Copper Wires 
 

2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium 
Hard, Soft 

 
3. ASTM B33:  Tinned Soft or Annealed Copper Wire for Electrical Purposes 

 
B. Institute of Electrical and Electronics Engineers (IEEE) 

 
1. IEEE 142-82:  Recommended Practice for Grounding of Industrial and 

Commercial Power Systems 
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2. IEEE 383-2.5:  IEEE Standard for Type Test of Class IE Electric Cables, 
Field Splices, and Connections for Nuclear Power Generating Stations. 

 
C. Underwriters' Laboratories (UL) 

 
1. UL 83:  Thermoplastic Insulated Wire and Cables 

 
2. UL 467:  Grounding and Bonding Equipment 

 
D. National Fire Protection Association (NFPA), NFPA No. 70 - National 

Electrical Code (NEC), Article No. 250 - Grounding. 
 
1.04 SUBMITTALS 
 

A. Submit the following under the provisions of Section 01330 – Submittal 
Procedures: 

 
1. Manufacturer's cut sheets and catalog data 

 
2. Installation, terminating and splicing procedure 

 
3. Instruction for handling and storage 

 
4. Dimensions and weight 

 
1.05 QUALITY ASSURANCE 
 

A. Tests 
 

1. Use insulated cable conforming to requirements of the vertical tray flame 
test as described in IEEE 383-2.5. 

 
2. Test grounding system in the field in accordance with procedures outlined 

in Part 3 - Execution. 
 
1.06 DELIVERY, STORAGE AND HANDLING 
 

A. Ship grounding cable on manufacturer's standard reel sizes unless otherwise 
specified. Where cut lengths are specified, mark reel footage accordingly.  
Each reel shall contain one continuous length of cable. 

 
Provide impact protection by wood lagging or suitable barrier across the 
traverse of the reel.  Pack and crate other materials specified to withstand 
normal abuse during shipping, handling and storage. 
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PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. Cable 
 

1. American Insulated Wire Company 
 

2. Cablec Continental Cables Company 
 

3. General Cable Company 
 

4. Okonite Company 
 

5. Pirelli Cable Corporation 
 

6. Rome Cable Corporation 
 

7. Triangle Wire and Cable, Inc. 
 

8. Southwire Corp 
 

B. Ground Rods and Connectors: 
 

1. Blackburn 
 

2. Copperweld 
 

3. Thomas & Betts 
 

C. Exothermic Connections: 
 

1. Burndy Corporation (Therm-O-Weld) 
 

2. Erico Products (Cadweld) 
 

D. Grounding Connectors: 
 

1. Burndy Corporation 
 

2. O.Z. Gedney 
 

3. Thomas & Betts 
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2.02 MATERIALS AND EQUIPMENT 
 

A. Design.  Provide grounding cable and materials with the following 
characteristics: 

 
1. Use a grounding system designed in accordance with NEC Article No. 250   

Grounding, and the IEEE 142-82 - Recommended Practice for Grounding 
of Industrial and Commercial Power Systems. 

 
B. Materials 

 
1. Use grounding conductors, bare or insulated, which are manufactured and 

tested in accordance with applicable standards ASTM B3, ASTM B8 and 
ASTM B33.  

 
2. Provide a main ground system of No. 4/0 AWG, Class C stranded, bare 

copper cable.  Generally, taps shall be sized as follows: 
 

a. Main ground loop or grid  #4/0 minimum 
 

b. Switchgear, motor control 
centers and power transformers #4/0 

 
c. Motors 200 hp and above #4/0 

 
d. Power panels - AC and DC #2/0 

 
e. Control panels and consoles #2 

 
f. Building columns #4/0 

 
g. Fencing posts #2/0 

 
C. Where single conductor insulated grounding conductors are called for, use 

600 volt insulation.  Use ground conductors identified with green insulation or 
green tape marking. 

 
D. Supply identifying ribbon which is PVC tape, 3 inches wide, red color, 

permanently imprinted with "CAUTION BURIED ELECTRIC LINE BELOW" in 
black letters as specified in Section 16195, Electrical Identification. 

 
E. Utilize flexible copper braid across hinged chain link or fence gates to bond 

the movable portion to the grounded fence post. 
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PART 3: EXECUTION 
 
3.01 REPARATION 
 

A. Complete site preparation and soil compaction before trenching and driving 
ground rods for the underground grid. 

 
B. Verify from Contract Drawings the exact location of stub-up points for 

grounding of equipment, fences and building or steel structures. 
 
3.02 CONSTRUCTION CRITERIA 
 

A. Local pushbutton and selector switch stations, two-wire control devices, 
disconnect switches, lighting transformers, panelboards, operator panels, 
benchboards, and the enclosures of other electrical apparatus shall be 
grounded through an equipment grounding conductor run with the power 
supply or control circuit conductors or shall be grounded as shown on the 
Contract Drawings. 

 
B. Ground all three phase motors, in addition to the grounding conductors in the 

motor feeder, with a separate No. 4/0 AWG cable to motor frame. 
 

C. Motors having power supplied by multiconductor cable shall be grounded by a 
separate grounding conductor in the cable and where supplied by single 
conductor cable in conduit by a grounding conductor pulled in the conduit.  
Connect ground conductors to the ground bus in the motor control center and 
to the ground terminal provided in the motor conduit box. 

 
D. Do not ground the insulated bearing pedestals of large motors. 

 
E. Connect ladder-type cable trays to the grounding electrode system.  Use 4/0 

AWG grounding conductor in power cable tray and #2 AWG in instrument and 
control cable trays.  Provide NEC and U.L.-approved ground clamps. 

 
F. All conduits must contain an equipment grounding conductor of at least one 

#12 AWG. 
 
3.03 INSTALLATION 
 

A. Equipment Grounding 
 

1. Make grounding connections to surfaces which are dry and cleaned of 
paint, rust, oxides, scales, grease and dirt to ensure good conductivity.  
Clean copper and galvanized steel to remove oxide before making welds 
or connections. 
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2. Use the exothermic welding process for below-grade grounding 
connections, except at ground rods.   Use mechanical connectors or 
thermal connections for above-grade grounding connections as shown on 
the Contract Drawings. 

 
3. Make grounding connections to electrical equipment, vessels, mechanical 

equipment and ground rods in accordance with the Contract Drawings. 
 

4. Ground tanks and vessels by making connections to integral structural 
supports or to existing grounding lugs or pads, and not to the body of the 
tank or vessel. 

 
5. Leave ground connections to equipment visible for inspection.  Protect this 

type connection with PVC non-metallic conduit. 
 

6. Make connections to motor frames and ground buses with lugs attached 
to the equipment by means of bolts.  Do not use motor anchor bolts or 
equipment housing for fastening lugs of grounding cable. 

 
7. Where the wiring for lighting systems consists of single conductor cables 

in conduit, provide each conduit with an equipment grounding conductor. 
Use a grounding conductor with green colored insulation and ground 
equipment in the lighting system. 

 
B. Raceway and Support Systems Grounding 

 
1. Install raceway, cable rack or tray and conduit so that it is bonded together 

and permanently grounded to the equipment ground bus, according to the 
Contract Drawings.  Connection to conduit may be grounding bushing or 
ground clamp. 

 
2. Install raceway at low voltage motor control centers or other low voltage 

control equipment so that it is bonded and grounded, except that any 
conduit which is effectively grounded to the sheet metal enclosure by 
bonding bushing or hubs need not be otherwise bonded. 

 
3. Where a grounding conductor is run in or on a cable tray, bond the 

grounding conductor to each section of cable tray with a cable tray ground 
clamp. 

 
4. Where only grounding conductor is installed in a metal conduit, bond both 

ends of the conduit to the grounding conductor. 
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5. Provide flexible "jumpers" around raceway expansion joints.  Use copper 
bonding straps for steel conduit.  Install jumpers across cable tray joints 
which have been parted to allow for expansion and any hinged cable tray 
connections. 

 
C. Fences and Gates. (Not Used) 

 
D. Power System Grounding 

 
1. Solidly ground the secondary neutral of transformers to the ground grid.  

See Contract Drawings for details. 
 

2. Solidly ground the neutral of lighting, instrument and control transformers. 
 

E. Cable Armor and Shields 
 

1. For shielded control cable, terminate and ground the shield at one end 
only, preferably at the control panel end for instrument and communication 
cable and at the supply end for electronic power cables. Maintain shield 
continuity by jumpering the ground shield across connection point where it 
is broken at junction boxes, or other splice points.  Insulate these points 
from ground. 

 
2. Connect the ground wire in power cable assemblies at each terminal point 

to a ground bus, if available, or to the equipment enclosure.  Do not carry 
these ground wires through a "doughnut" current transformer (CT) used 
for ground fault relaying; do carry ground leads from stress cones through 
CTs.  Ground power cable armor and shield at each terminal point. 

 
F. Test 

 
1. Perform ground resistance tests after underground installation and 

connections to building steel are complete, unless otherwise noted on 
applicable Contract Drawings. 

 
2. Make tests at each ground test well using a "fall of potential" test method. 

Each ground test well shall not exceed a maximum resistance of 5 ohms. 
Where measured values exceed this figure, install additional ground rods 
as required to reduce the resistance to the specified limit. 

 
G. Inspection.  Inspection of the grounding system by the City Engineer and the 

local Code Inspector must take place before the grid trenches are backfilled. 
 

END OF SECTION 
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Section 16171 
 

LOW VOLTAGE MOTORS 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specification for low voltage motors. 
 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

 
1.03 REFERENCES 
 

A. American National Standards Institute/Anti-Friction Bearing Manufacturers 
Association (ANSI/AFBMA):  Load Ratings and Fatigue Life for Ball Bearings. 

 
B. American National Standards Institute/national Electrical Manufacturers 

Association (ANSI/NEMA):  MG 1 - Motors and Generators. 
 

C. American National Standards Institute/National Fire Protection Association 
(ANSI/NFPA):  NFPA 70 - National Electrical Code (NEC). 

 
D. American National Standards Institute/Institute of Electrical and Electronics 

Engineers (ANSI/IEEE) 
 

1. IEEE112 – Standard Test Procedure for Polyphase Induction Motors and 
Generators 

 
2. IEEE114 – Standard Test Procedure for Single-Phase Induction Motors 

 
E. American National Standards Institute/Underwriters Laboratories, Inc. 

(ANSI/UL) 
 

1. UL547 – Thermal Protectors for Motors 
 

2. UL674 – Electric Motors and Generators for Use in Hazardous Locations, 
Class I Groups C and D, Class II Groups E, F and G 

 
F. Institute of Electrical and Electronics Engineers (IEEE) 
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1. 85 – Test Procedure for Airborne Sound Measurements on Rotating 
Electric Machinery 

 
2. 43 – Recommended Practice for Testing Insulation Resistance of Rotating 

Machinery 
 

G. American Society of Heating, Refrigerating, and Air-conditioning Engineers, 
Inc./ Illumination Engineering Society of North America (ASHRAE / IES):  
90.1-1989, Table 5.1 – Minimum Acceptable Nominal Full-load Motor 
Efficiencies for Single Speed Polyphase Motors. 

 
1.04 SUBMITTALS 
 

A. Submit the following under the provisions of Section 01330 – Submittals: 
 

1. Outline drawings 
 

2. Completed motor data sheets 
 

3. Assembly drawings 
 

4. Anchor bolt location drawings 
 

5. Electrical schematics and wiring diagrams 
 

6. Equipment performance curves and data 
 

7. Bill of installation/assembly materials 
 

8. Equipment weights 
 

9. Catalog data 
 

10. Assembly/disassembly sizes and weights 
 

11. Operating instructions 
 

12. Maintenance and lubrication recommendations 
 

13. Recommended spare parts for startup including prices 
 

14. Special maintenance tool requirements  
 

15. Recommended spare parts list for one year operation  
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16. Quality control procedures 
 

17. Nondestructive test procedures  
 

18. Acceptance test procedure  
 

19. Surface preparation and painting procedure  
 

20. Shipping, handling, and storage procedures 
 

21. Installation/erection procedure 
 

22. Code compliance certificate 
 

23. Electrical equipment heat run test records 
 

24. Nameplate data 
 

25. Performance/acceptance test report 
 

26. Size of the largest three phase power factor correction capacitor unit 
which can be connected to three phase motors. 

 
1.05 QUALITY ASSURANCE 
 

A. Tests 
 

1. Inspect and test motors in accordance with specified NEMA standards.  
Test polyphase motors to the requirements of ANSI/IEEE 112.  Test single 
phase motors to the requirements of ANSI/IEEE 114.  See data sheets for 
other standard test requirements that may be specified. 

 
1.06 DELIVERY, STORAGE AND HANDLING 
 

A. Prepare each unit for the type and mode of shipment specified.  The 
preparation shall be suitable for at least six months of outdoor storage from 
time of shipment requiring no disassembly prior to operation (except for 
bearing and seal inspections). 

 
B. Provide instructions as necessary to preserve the integrity of the storage 

preparation after the equipment arrives at the jobsite. 
 

C. Coat exterior machined surfaces with a suitable rust preventative. 
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D. After drained and cleaned, coat internal areas of bearings and auxiliary 
equipment in oil lubrication systems fabricated from carbon steel with a 
suitable oil-soluble rust preventative. 

 
E. Provide threaded openings with steel caps or solid-shank steel plugs.  Do not 

use nonmetallic plugs or caps. 
 

F. When sleeve bearings are furnished, block the rotor to prevent axial and 
radial movement. 

 
G. When space heaters are furnished, make heater leads accessible without 

disturbing the shipping package.  Tag the leads for identification. 
 
 
PART 2: PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. General Electric. 
 

B. Reliance Electric. 
 

C. Siemens. 
 

D. Toshiba. 
 

E. U.S. Motors. 
 

F. TECO-Westinghouse Motor Company 
 

G. Baldor 
 
2.02 DESIGN 
 

A. This specification defines the minimum requirements for low-voltage, random-
wound, squirrel-cage, induction motors in the NEMA frame sizes for 
nonclassified electrical area service. 

 
B. Use this specification for the selection and purchase of induction motors 

purchased separately or furnished with driven equipment as a package. 
 

C. This specification, along with the reference documents make up the 
requirements for motors up to and including 300 hp.  Use driven equipment 
specifications to supplement this specification and identify special project 
requirements. 
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D. Motors purchased with this specification will drive vertical pumps.  Motors will 
be installed in a plant environment that may include high humidity, storms, 
salt-laden air, insects, plant life, fungus, rodents as well as traces of 
petroleum and/or chemicals. 

 
E. Motors shall perform satisfactorily for the application and unusual conditions 

specified on the data sheets. 
 

F. Make motors suitable for operation in an outdoor corrosive and wet 
environment. 

 
G. When motors are furnished with the driven equipment as a package, motors 

shall also meet the requirements of the driven equipment specification. 
 

H. Design motors for operation at a temperature of up to 40o/104oF ambient and 
at an elevation of up to 1000 m/3300 ft above sea level. 

 
2.03 PERFORMANCE REQUIREMENTS 
 

A. Confirm motors have ample capacity to supply the maximum output 
demanded by the driven equipment and have a speed-torque-current 
characteristic appropriate to the driven equipment.  Where new motors are 
provided for existing pumps, match new motor characteristics to pumps. 

 
B. Confirm motors ability to overcome starting load inertia and accelerate the 

load to rated speed within 15 seconds at 80 percent of rated nameplate 
voltage, without exceeding the motor time-temperature damage curve. 

 
C. Design and construct motors for continuous full load duty.  Motors may also 

operate intermittently. 
 

D. Three-phase induction motors shall be ANSI/NEMA MG 1 Design B.  Motors 
driving high-torque loads may be NEMA Design C or D, providing so stated in 
the proposal. 

 
E. Single-phase fractional horsepower motors shall be NEMA Design N. 

 
F. The single speed, polyphase motors shall have efficiencies which exceed 

those shown in ASHRAE/IES Standard 90.1 - 1989, Table 5-1 and 
ANSI/NEMA MG-1-1998 Table 12-10.  Provide motors commonly preferred to 
as “Premium Efficiency” in the industry. 

 
2.04 ENCLOSURES AND FRAMES 
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A. Motors shall be provided with NEMA Type TEFC enclosures. 
 

B. Motors frames, enclosures, terminal boxes, fan cover guards and air 
passages shall be cast iron or heavy fabricated steel of such design or 
proportions as to hold all motor components rigidly in proper position, and 
shall meet all NEMA requirements for the type of enclosure employed.  End 
bells shall be cast iron.  Steel sheet or plate used shall have a thickness of at 
least 1/8 in.  Fans, breathers, drains, screens, covers and hardware shall be 
corrosion-resistant materials.  Fractional horsepower motors may have rolled 
steel stator frame and cast iron brackets with integral mounting feet. 

 
C. Make motor enclosure fans low inertia, nonsparking type, and suitable for 

bidirectional rotation and mount on hub with stainless steel bolts. 
 

D. Furnish each enclosure with a stainless steel automatic breather/drain located 
at the low point of the enclosure. 

 
E. Motor frame and enclosure shall have provisions for grounding to the main 

grounding system.  Drill and tap rear foot on horizontal motors and the flange 
base on vertical motors on the junction box side for a service post ground 
connector. 

 
F. Provide motors weighing more than 300 lbs. with lifting eyebolts, rings or lugs 

capable of supporting the weight of the motor. 
 
2.05 ELECTRICAL REQUIREMENTS 
 

A. Motors shall be rated as follows: 
 

1. 460 volts, three phase, 60 Hz. 
 

2. 230 volts, three phase, 60 Hz. 
 

3. 230 volts, single phase, 60 Hz. 
 

4. 115 volts, single phase, 60 Hz. 
 

B. Induction motors shall be random-wound, squirrel-cage rated for continuous 
duty and suitable for across-the-line starting, at rated voltage. 

 
C. Determine motor speed, torque and special operating requirements from the 

requirements of the driven equipment.  See Division 11 and other 
specifications for Driven Equipment. 
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D. Use copper for motor windings and terminal leads.  Aluminum is not an 
allowable material for any portion of the motor other than die-cast rotor 
(fabricated aluminum rotors are not acceptable).  Copper rotors shall not be 
fabricated using brazing maler and any copper alloy must contain less than 
two percent phosphorous. 

 
E. Three-phase single speed AC motors shall be provided with three leads. 

 
F. Motors shall have a 1.15 service factor (SF) rating unless specified otherwise.   

 
G. Motor insulation shall be a minimum of Class F epoxy nonhygroscopic 

material with temperature rise limited to Class B design rise of 90oC by 
resistance method at 1.15 SF.  Inverter Duty Motors shall have the highest 
voltage rated insulation system available for application on the output of 
VFD’s (Variable Frequency Drives).  As a minimum, inverter duty motors shall 
use Phelps–Dodge type QS magnet wire which is pulse resistant, in 
combination with the motor manufacturer’s insulation system. 

 
H. Motors shall operate successfully under running conditions at rated load with 

variation in voltage and frequency up to the limits set by ANSI/NEMA MG 1-
12.44. 

 
I. Unless specified otherwise, motors shall be suitable for the number of full-

voltage starts as required by ANSI/NEMA MG 1-12.50 as a minimum. 
 

J. Locked rotor kVA/HP shall not exceed 5.0 
 

K. Motors operated on VFD’s shall be rated as inverter duty. 
 
2.06 TERMINAL BOXES 
 

A. Make motor terminal boxes weatherproof and with threaded conduit 
entrances with water-resistant seals between boxes and motor frame.  Design 
the line-terminal box to allow box to be rotated in four 90 degree steps for 
bottom, side or top entry of conduit or cable.  The line terminal box shall 
match the location indicated on project drawings.  Locate a separate terminal 
box for space heaters adjacent to the line terminal box.  Provide a separate 
terminal box for RTD’s. 

 
B. Size the line terminal box so that feeder cables can be connected to motor 

leads for terminals without damage to the cable or the leads.  Oversize the 
terminal box to exceed the minimum volumes shown in the NEC Section 430-
12 and provide adequate space to mount and enclose all devices mounted 
within. 
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C. Furnish the line terminal box with suitable compression ring-type, 
permanently numbered, cable connectors for incoming bolted-cable 
connections and one clamp-type ground terminal lug of sufficient size to 
contain a conductor the same size as motor leads. 

 
D. Wire accessory leads to a terminal board in a terminal box or boxes separate 

from the line leads.  Supply separate terminal boxes for the leads for space 
heaters, and temperature detectors, current transformers, and other similar 
accessories, when supplied. 

 
2.07 ELECTRICAL ACCESSORIES 
 

A. For motors 25 Hp and larger, provide space heaters for optimum uniform 
heating of the stator winding and prevent condensation in the motor at 
ambient temperature when motor is not in operation.  Space heaters shall be 
rated 240 V but shall be connected for operation at 115V.  Space heaters 
shall have maximum sheath temperature of 150oC and shall be approved for 
the specified hazardous area classification, if so classified. 

 
B. Provide motors larger than 200 horsepower with a minimum of six, three-wire, 

100 ohm, platinum RTDs, two per phase, spaced equally around the 
circumference of the stator.  Include three additional spare RTD’s, one per 
phase, as spares and label as spares. 

 
C. Provide motors larger than 200 horsepower with three-wire, 100 ohm, 

platinum RTDs, one per bearing. 
 
2.08 BEARINGS AND LUBRICATION 
 

A. Provide oil-lubricated anti-friction ball or roller bearings for motors 100 Hp and 
larger.  Provide grease lubricated bearings for motors less than 100 Hp. 

 
B. Motors shall have proper bearing insulation to prevent circulation of shaft 

currents and resulting damage.  Provide also insulating means for any oil-
supply connections and monitoring equipment to prevent electrical bypassing 
of the bearing insulation. 
 

C. Unless specified otherwise, oil lubricated bearings shall have an L10 rating 
life in accordance with ANSI/AFBMA 9, of at least 100,000 hours.  Grease 
lubricated bearings shall have a rating life of at least 40,000 hours. 

 
D. Provide oil-lubricated bearing housings and a reservoir of sufficient depth, to 

serve as a settling chamber for foreign materials, with a drain plug, and vents 
as required, accessible from the exterior of the motor.  Furnish oil-lubricated 
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motors with a constant oil-level sight gauge mounted on the motor housing 
and marked with running- and stopped-oil levels. 

 
E. Provide motors with suitable seals to prevent moisture from entering through 

the shaft openings.  For applications where hoses and water are used for 
cleanup, provide an Inpro/Seal isolator (labyrinth seal) on the shaft end of the 
motor. 

 
F. For in-line pumps, special high thrust bearings are required for drive motors, 

except for pumps where the thrust bearings are provided as an integral part of 
the pump. 

 
2.09 ADDITIONAL REQUIREMENTS FOR VERTICAL MOTORS 
 

A. Solid shaft vertical motors are acceptable for all applications except when the 
connection to the driven equipment consists of sectional driven shaft which 
may unscrew and lengthen in the event of reversal of direction. 

 
B. Design vertical motor thrust bearings conservatively to carry maximum axial 

thrusts (up and down) imposed by driven equipment. 
 

C. Vertical motors shall have oil-lubricated, top and bottom bearings. 
 

D. Vertical motor bases shall be NEMA Type P. 
 

E. Provide vertical motors with a positive, nonreversing, corrosion-resistant 
("anti-ratchet") mechanism. 

 
F. Provide vertical motors with fan-end splash shields. 

 
G. Where new motors are being provided for existing pumps, motor mounting 

must match the existing pump, and new shaft couplings shall be provided to 
couple the pump to the new motor. 

 
2.10 ROTOR BALANCING AND VIBRATION 
 

A. Balance motor rotors dynamically according to NEMA standards.  Depositing 
weld metal, solder and the like on the rotor to effect a balance will not be 
acceptable.  Remove parent metal to achieve balance without affecting the 
structural strength of the rotor.  Chiseling or sawing parent metal is prohibited. 

 
B. Measure vibration in all directions with the motor running uncoupled at no 

load, normal voltage and frequency, and at each speed of the operating 
range.  Motor vibration shall not exceed the total amplitude, peak-to-peak 
values given in ANSI/NEMA MG 1-Part 7 as measured in accordance with 
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ANSI/NEMA MG 1-Part 7.  Perform a second test and measure vibration in all 
directions with the motor running coupled to the load with normal load, normal 
voltage, normal frequency, and typical speed. 

 
2.11 NAMEPLATES 
 

A. Fasten motor stainless steel nameplates securely to the motor with stainless 
steel screws.  Nameplates shall include as a minimum the information 
required by ANSI/NEMA MG 1-16.61. 

 
2.12 FINISH 
 

A. Motors shall be primed and finished using the motor manufacturer's standard 
epoxy painting system unless specified otherwise. 

 
B. Cover internal surfaces, e.g., shaft, rotor, stator, and other similar 

components, with a corrosion-resistant coating of epoxy or equal material for 
increased life. 

 
2.13 NOISE LEVELS 
 

A. Determine motor noise level in accordance with IEEE 85.  Levels or noise 
generated by a motor shall not exceed 85 dbA at a distance of 1 m/3.3 ft 
unless specified otherwise on the data sheet. 

 
B. Noise level requirements may be also covered by a separate noise 

requirements specification included with the driven equipment specification. 
 
2.14 GE MULTILIN SETTINGS 
 

A. For motors protected by GE Multilin 269+ motor management relays, motor 
manufacturer shall provide all recommended settings for 269+ relays. 

 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 
 

A. Verify motor and motor base match pump bolt configuration. 
 
3.02 INSTALLATION 
 

A. Install the motor in accordance with the Manufacturer's published instructions 
using the necessary tools and instrument to ensure proper fit and alignment 
with the driven machine. 
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B. Provide the services of a third party electrical testing company to set and 
certify that GE Multilin 269+ settings have been made in accordance with the 
motor manufacturer’s recommendations. 

 
C. Before coupling up with the driven machine, the following work should be 

performed. 
 

1. Test the motor winding insulation resistance in accordance with IEEE 43. 
 

2. Terminate cables to the motor leads. 
 

3. Energize motor momentarily to check rotation. 
 

4. Check shaft of driven machine to ensure free movement. 
 

D. Couple motor up with driven machine. 
 

E. Record motor nameplate data. 
 
 

END OF SECTION 
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Section 16195 
 

ELECTRICAL IDENTIFICATION 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specification for electrical identification including: 
 

1. Nameplates and labels 
 
2. Wire and cable markers 

 
3. Conduit markers 

 
4. Cable tray markers 

 
5. Underground warning tape 

 
6. Warning labels 

 
1.02 MEASUREMENT AND PAYMENT 

 
A. No separate payment will be made for work performed under this Section.  

Include the cost for this work in the lump sum Base Bid Item. 
 

1.03 REFERENCES 
 

A. American National Standards Institute/National Fire Protection Association 
(ANSI/NFPA) 

 
1. No. 70 - National Electrical Code (NEC) 
 

a. Article 110 - Requirements for Electrical Installation 
 
b. Article 430 - Transformers and Transformer Vaults 

 
B. City of Houston Building Code. 
 
C. Other applicable Codes and Standards as referenced in other Sections. 

 
D. Underwriters Laboratories.  U.L. Standards No. 224 - Extruded Insulated 

Tubing 
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1.04 SUBMITTALS 
 

A. Submit the following under the provisions of Section 01330 – Procedures: 
 

1. Manufacturer's cut sheets and catalog data 
 
2. Description of materials used 

 
3. Label or nameplate dimensions 

 
4. Engraving or imprint legends 

 
5. Instruction for handling and storage 

 
6. Installation instructions 

 
1.05 DELIVERY, STORAGE AND HANDLING 
 

A. Pack materials to permit ease of handling and to provide protection from 
damage during shipping, handling and storage. 

 
 
PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. Almetek Industries Incorporated 
 
B. Brady U.S.A. Incorporated 

 
C. Ideal Electric Company 

 
D. Raychem Corporation 

 
E. 3M Electrical Products Division 

 
F. Thomas & Betts 

 
G. Tyton Corporation 
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2.02 MATERIALS AND EQUIPMENT 
 

A. Nameplates and Labels 
 

1. Provide an identification nameplate for each item of electrical equipment 
engraved with the equipment name.  Use the description shown on the 
Contract Drawings. 

 
2. For nameplates, use 3-ply phenolic material engraved to show black 

lettering on a white background.  Size the nameplates approximately 1 
inch wide and 3 inches long for 3 lines of 3/16 inch - 16 letters with a 0.8 
condensed factor. 

 
3. Generally, provide large pieces of equipment with engraved nameplates; 

provide additional nameplates at pushbuttons and other local devices.  
Provide identification for all other electrical equipment, device or enclosure 
not furnished with readily noticeable tag, nameplates or other means of 
identification. 

 
4. Install nameplates on the front cover of transformers stating the 

transformer service location number or identification number, the 
panelboard or device served, and main breaker feeding the transformer 
(MCC No.), and the drawing number on which the transformer schematic 
is shown. 

 
5. Furnish equipment, such as motor starters, safety switches, welding 

receptacles and circuit breakers, with 1" x 3" plastic nameplates stating 
description of item served. 

 
6. Provide nameplates for motors giving the driven equipment description, 

and the MCC number.  Nameplates shall be mounted adjacent to motors. 
 

7. Install nameplates on the outside and inside of doors to circuit breaker 
panelboards (i.e., lighting, instrument or receptacle panels).  State the 
panelboard name, the drawing number on which the panelboard schedule 
shows, and the main breaker feeding the panel (MCC No. or Power Panel 
name). 

 
8. Type panelboard directories and insert them inside panelboard doors. 

 
9. Place a large nameplate approximately 3"x5" on control panels, relay 

panels, junction boxes and similar enclosures with electrical devices 
mounted inside.  The large nameplates shall identify the enclosure. 
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10. Provide a nameplate on MCC motor starter doors duplicating motor 
nameplate data. 

 
11. Provide warning label on front and inside actuator controllers in 

accordance with NEC. Identify controller as having two (2) sources of 
electric power if such is the case. 

 
B. Wire and Cable for Control Wiring Tags 
 

1. Use pre-printed tubular heat-shrink type wire and cable tags.  Place a tag 
at each end of each wire and cable for all control wiring. 

 
2. Select tags manufactured so that the heat-shrink process makes the 

imprint permanent and solvent-resistant. 
 

3. Use tags that are self-extinguishing, conforming to U.L. Standard No. 224 
for print performance, heat shock and flammability. 

 
4. Provide tag material that is flexible, radiation cross-linked polyolefin with 3 

to 1 shrink ratio, rated 600 volts, and white in color. 
 

5. See Contract Drawing “STD-E-3” for additional requirements. 
 

6. Cable in cable tray shall be marked at each end and at every cable tray 
drop out to a motor, control panel, or switchgear. 

 
C. Conduit Tags 
 

1. Provide conduit tags made of stainless steel, approximately 2 inches x 1 
inch x 19 gage. 

 
2. Stamp the conduit number or conduit identification on the tag. 

 
3. Punch tags for tie fasteners.  Fasten tags to the conduits with stainless 

steel braided wire. 
 

D. Underground Warning Tape 
 

1. Provide detectable warning tape made of 4 mil thick polyolefin film, 3 
inches wide, suitable for direct burial and resistant to alkalis, acids and 
other common soil substances. 

 
2. Use red tape with black legend printed in permanent ink. 

 
E. Warning Labels 
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1. Place OSHA safety labels on enclosures and boxes 100 cubic inches or 

more containing electrical equipment or terminations. 
 
2. Provide OSHA color codes for the labels.  Use labels made from 4 mil 

vinyl with pressure sensitive adhesive backing. 
 

3. The warning label caption is DANGER - 480 VOLTS for 480 volt systems.  
For voltages higher than 600 volts, provide warning labels with “DANGER 
- HIGH VOLTAGE - KEEP OUT”. 

 
4. Labels shall be 5 inches x 3-1/2 inches for small equipment and 10 inches 

x 7 inches for large equipment and electrical room doors. 
 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 
 

A. Degrease and clean surfaces where adhesive labels will be applied. 
 
B. Drill holes for nameplates to be fastened with stainless screws. 

 
C. Prepare the cable ends for termination and conductor markings. 

 
D. Identify conduits at terminating points and select conduit tag marking as 

indicated on the Contract Drawings. 
 
3.02 INSTALLATION 
 

A. Install nameplates and labels in accordance with the manufacturer's 
instructions and the Contract Drawings. 

 
B. Apply wire and cable tags in accordance with manufacturer's instructions 

using a heat gun with properly sized nozzle for the application.  Tag the wires 
and cables at both ends. 

 
C. Tag conduits at junction boxes, pull boxes control panels, transformers, 

switchgear and similar location and at other termination points. 
 

D. Identify cable trays at the time of installation with the alphanumeric number 
shown on the Contract Drawings.  Label cable trays on the outside rail. 

 
E. Place the tray identifier at each point where the tray designation changes and 

at 200 foot intervals in between, but not less than two per run. 
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F. Identify underground conduits, cables or duct banks using the underground 
delectable warning tape.  The underground grounding grid, including laterals, 
shall be identified with underground delectable warning tape.  Install one tape 
per trench at 12 inches below grade or as indicated on the Contract 
Drawings.  For wide trenches or duct banks, install one warning tape per 18-
inch width. 

 
G. Apply the 5 inch by 3-1/2 inches warning labels to disconnect switches, 

panelboards, terminal boxes, and similar devices in accordance with 
manufacturer's instruction and the Contract Drawings.  Apply the 10 inch x 7 
inch warning labels to larger control panel enclosures, motor control centers 
and to entrance doors to rooms containing electrical power and control 
equipment. 

 
END OF SECTION 
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SECTION 16322 
 

UNIT SUBSTATION TRANSFORMERS 
 
 
PART 1: GENERAL 
 
1.01 SCOPE 
 

A. The Contractor shall furnish and install outdoor unit substation transformers 
as specified herein and as shown on the contract drawings. 

 
1.02 UNIT PRICES 
 

A. No separate payment will be made for unit substation transformers and other 
work performed under this Section.  Include cost in lump sum price bid for 
work of which this is a component part. 

 
1.03 RELATED SECTIONS 
 

A. Specification Section 16195 – Electrical Identification  
 
1.04 REFERENCES 
 

A. The unit substation transformers shall be designed, manufactured and tested 
in accordance with the latest applicable standards of NEMA and ANSI. NEMA 
201, 210; IEEE 100, ANSI C57 

 
1.05 SUBMITTALS (FOR REVIEW/APPROVAL) 
 

A. The following information shall be submitted: 
 

1. Master drawing index 
 

2. Front view elevation and weight with oil 
 

3. Plan view 
 

4. Schematic diagrams 
 

5. Nameplate diagram 
 

6. Component list 
 

7. Conduit entry/exit locations 
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8. Ratings including: 

 
a. kVA 

 
b. Primary and secondary voltage 

 
c. Taps - Quantity and Configuration 

 
d. Primary and secondary continuous current 

 
e. Basic Impulse level - High and Low Voltage 

 
f. Impedance 

 
g. Insulation class and temperature rise 

 
h. Sound level 

 
9. Cable terminal sizes 

 
10. Product data sheets. 

 
11. Volume and weight of mineral oil 

 
12. Calculated losses. 

 
13. Connection diagrams. 

 
1.06 SUBMITTALS (FOR RECORD PURPOSES) 
 

A. The following information shall be submitted for record purposes: 
 

1. Final as-built drawings and information for items listed in paragraph 1.04 
 

2. Wiring diagrams 
 

3. Certified production test reports, including document to guarantee losses. 
 

4. Installation information 
 

5. Seismic certification. 
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B. The final (as-built) drawings shall include the same drawings as the 
construction drawings and shall incorporate all changes made during the 
manufacturing process. 

 
1.07 QUALIFICATIONS 
 

A. The manufacturer of this equipment shall have produced similar electrical 
equipment for a minimum period of ten (10) years. When requested by the 
City Engineer, an acceptable list of installations with similar equipment shall 
be provided demonstrating compliance with this requirement. 

 
1.08 DELIVERY, STORAGE AND HANDLING 
 

A. Equipment shall be handled and stored in accordance with manufacturer’s 
instructions. One (1) copy of these instructions shall be included with the 
equipment at time of shipment. 

 
1.09 OPERATION AND MAINTENANCE MANUALS 
 

A. Equipment operation and maintenance manuals shall be provided with each 
assembly shipped and shall include instruction leaflets, instruction bulletins 
and renewal parts lists where applicable, for the complete assembly and each 
major component. 

 
PART 2: PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. Eaton 
 

B. General Electric 
 

C. Square D Company 
 

The listing of specific manufacturers above does not imply acceptance of 
products that do not meet the specified ratings, features and functions. 
Manufacturers listed above are not relieved from meeting these specifications in 
their entirety. 

 
2.02 RATING 
 

A. The rating of the transformer shall be as follows and as shown on the 
drawings: 
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kVA Rating(55oC/65oC) As indicated in Contract Drawings  
Impedance ANSI Standard Tolerance 
HV 4.16  kV Delta 
HV BIL 60 kV 
HV De-energized Taps +/-2-2-1/2% full capacity 
LV  480/277 Volts Grounded Wye  
LV BIL 30 kV (480/277 volts)  

 
2.03 CONSTRUCTION 
 

A. The unit shall be filled with Envirotemp or Biotemp (vegetable oil based) 
insulating fluid. 

 
B. The transformer shall carry its continuous rating with average winding 

temperature rise by resistance that shall not exceed 55 degrees C, based on 
average ambient of 30 degrees C over 24 hours with a maximum of 40 
degrees C. The insulation system shall allow an additional 12% kVA output at 
65 degrees C average winding temperature rise by resistance, on a 
continuous basis, without any decrease in normal transformer life. 

 
C. The transformer shall be designed to carry short time emergency overloads in 

accordance with ANSI C57.12.92 as applicable. Duration and magnitude of 
designed withstand capability shall be as outlined in ANSI C57.12.90 and the 
latest draft of the IEEE short-circuit test code. 

 
D. The transformer shall be designed to meet the sound level standards for 

liquid transformers as defined in NEMA TR1. The measurement procedure 
shall be as specified in ANSI C.57.12.90. 

 
E. High-voltage and low-voltage windings shall be copper.  Insulation between 

layers of the windings shall be Insuldur paper or equal. 
 

F. The main transformer tank and attached components shall be designed to 
withstand pressures 25% greater than the required operating design value 
without permanent deformation. Construction shall consist of carbon steel 
plate reinforced with external sidewall braces. All seams and joints shall be 
continuously welded. 

 
G. Each radiator assembly shall be individually welded and receive a quality 

control pressurized check for leaks. The entire tank assembly shall receive a 
similar leak test before tanking. A final six-hour leak test shall be performed 
after the transformer is tanked, welded and completed to ensure that there 
are no leaks before shipment. 

 
H. The transformer manufacturer shall certify that the transformer is Non-PCB 
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containing (less than 50 PPM).  Do not provide nonflammable transformer 
liquids including askarel and insulating liquids containing 
tetrachloreoethylene, perchloroethylene, chlorine compounds, or halogenated 
compounds. 

 
2.04 ACCESSORIES 
 

A. Transformer features and accessories shall include: 
 

1. De-energized tap changer with cover mounted, externally operated, 
padlockable handle 

 
2. Combination drain and filter valve and sampling device 

 
3. Manual gas pressure test connection 

 
4. Filling plug and filter press connection in cover 

 
5. Dial-type top liquid thermometer 

 
6. Magnetic liquid level gauge 

 
7. Provisions for lifting, provisions for jacking, base designed for skidding or 

rolling in two directions 
 

8. Ground pad, copper faced 
 

9. Instruction nameplate – stainless steel 
 

10. Pressure vacuum gauge 
 

11. Welded-on main tank cover and hand hole in cover 
 

12. Pressure relief device 
 
2.05 FINISH 
 

A. The paint shall be applied using an electrostatically deposited dry powder 
system to a minimum of three mils average thickness. Outdoor liquid 
transformer units shall include suitable outdoor paint finish. Units shall be 
painted ANSI 61 Grey.  Coat the base and 6" up the sides (including the sides 
inside the terminal compartments) with 10 mils of coal tar epoxy. 

 
2.06 TERMINAL COMPARTMENTS/FLANGE CONNECTIONS 
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A. The transformer unit supplied shall include a HV cable terminal compartment 
and a LV cable terminal compartment. Each transformer shall be cable 
connected on the primary and secondary. 

 
B. The HV cable terminal compartment shall be full height and extend from the 

concrete pad upon which the transformer is installed to an adequate distance 
above the transformer bushings to allow for cable termination and 
connections.  Provide a full height hinged padlockable door with three - point 
latching.  Include 5.1 kV MCOV intermediate class polymer type surge 
arresters in the HV compartment. 

 
C. The LV cable terminal compartment shall extend from the concrete pad upon 

which the transformer is installed to an adequate distance above the 
transformer bushings to allow for cable termination and connections.  Provide 
a full height hinged padlockable door with three - point latching 

 
D. Coat the base and 6" up the sides (including the sides inside the terminal 

compartments) with 10 mils of coal tar epoxy. 
 
2.07 EFFICIENCY 
 

Provide a 750 kVA unit substation transformer with a minimum efficiency of 
99.32% as required by Department of Energy (DOE) document DOE 10 CFR 
Part 431. 
 
A. Efficiency value shall be determined at 50% of nameplate rated load 

determined according to DOE Test Procedure 10 CFR 431, Subpart K, 
Appendix A. 

 
 
2.08 WARNING LABELS 
 

A. Place OSHA warning labels on each door or removable panel which allows 
access to energized parts.  See Specification Section 16195 - Electrical 
Identification, for warning label requirements. 

 
 
PART 3: EXECUTION 
 
3.01 FACTORY TESTING 
 

A. The following standard factory tests shall be performed on all equipment 
provided under this section. All tests shall be in accordance with the latest 
version of ANSI and NEMA standards. 

 

16322-6 
9-14-2015 



East Water Purification Plant-Chemical Feed System Improvements                                                 
Bid Package 2 – Plant 1- 2 Improvements 
WBS No. S-000056-0071-4                              UNIT SUBSTATION TRANSFORMERS 

1. Resistance measurements of all windings on the rated voltage connection 
of each unit and at the tap extremes of one unit only of a given rating on 
this project 

 
2. Ratio tests on the rated voltage connection and on all tap connections 

 
3. Polarity and phase-relation tests on the rated voltage connections 

 
4. No-load loss at rated voltage on the rated voltage connection 

 
5. Exciting current at rated voltage on the rated voltage connection 

 
6. Impedance and load loss at rated current on the rated voltage connection 

of each unit and on the tap extremes of one unit only of a given rating on 
this project 

 
7. Applied potential test 

 
8. Induced potential tests 

 
B. The manufacturer shall provide six (6) certified copies of factory test reports. 

 
3.02 FIELD QUALITY CONTROL 
 

A. Provide the services of a qualified factory-trained manufacturer’s 
representative to assist the contractor in installation and start-up of the 
equipment specified under this section for a period of two (2) working days. 
The manufacturer’s representative shall provide technical direction and 
assistance to the Contractor in general assembly of the equipment, 
connections and adjustments, and testing of the assembly and components 
contained herein. 

 
B. The Contractor shall provide six (6) copies of the manufacturer’s field start-up 

report. 
 
3.03 MANUFACTURER’S CERTIFICATION 
 

A. A qualified factory-trained manufacturer’s representative shall certify in writing 
that the equipment has been installed, adjusted and tested in accordance with 
the manufacturer’s recommendations. 

 
B. The Contractor shall provide six (6) copies of the manufacturer’s 

representative’s certification. 
 
3.04 TRAINING 
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A. Provide vendor training in accordance with Section 01660 for one hour. 
Repeat vendor training one time. 

 
B. The training session shall be conducted by a manufacturer’s qualified 

representative. Training program shall include instructions on the transformer, 
auxiliary devices and other major components. 

 
3.05 INSTALLATION 
 

A. The Contractors shall install all equipment per the manufacturer’s 
recommendations and the contract drawings. 

 
B. All necessary hardware to secure the assembly in place shall be provided by 

the Contractor. 
 
3.06 FIELD ADJUSTMENTS 
 

A. Adjust taps to deliver appropriate secondary voltage. 
 
3.07 FIELD TESTING 
 

A. Measure primary and secondary voltages for proper tap settings. 
 

B. Megger primary and secondary windings 
 

C. Test oil for dielectric strength. 
 

D. Doble and perform TTR (transformer turns ratio) test before energization. 
 
3.08 WARNING LABELS 
 

A. Verify that required OSHA warning labels have been installed. 
 
 

END OF SECTION 
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Section 16402 
 

UNDERGROUND DUCT BANKS 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Underground electrical duct banks. 
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be provided for work performed under this Section.  
Include the cost for this work in the lump sum base bid. 

 
B. Refer to Section 01270 – Measurement and Payment. 
 
C. Under Section 00410, Part B, Paragraph C, Item No. 1, Contractor is required 

to provide a unit price for a specified quantity of ductbanks, specified under 
this section. This Bid Item is included to provide a price for additional 
quantities of ductbanks required to complete the project, beyond the 
quantities necessary to complete the Work included in the Base Bid Item No. 
3 in Section 00410 Part B, Paragraph B. Unit Bid Price shall include all labor, 
material, warranty, equipment and incidentals. Final quantities for unit price 
bid items will be determined in accordance with the General Conditions and 
Section 01270 – Measurement and Payment. Extra unit price work is paid 
only when authorized in advance by the CM/PM 
 

1.03 RELATED WORK 
 

A. Section 16195 – Electrical Identification. 
 
B. Section 16111 – Conduit, Fittings and Bodies. 

 
1.04 REFERENCES 

 
A. National Fire Protection Association (NFPA):  No. 70 - National Electrical 

Code (NEC) Appendix B. 
 

1.05 SUBMITTALS 
 

A. Catalog cut sheets of the ducts and spacers. 
 

1.06 DELIVERY, STORAGE AND HANDLING 
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A. Have duct spacers and associated hardware packed and crated to avoid 

damage during shipment and handling. 
 

B. Clearly mark packages or crates stating that the material is for electrical duct 
banks only. 

 
1.07 DEFINITION 

 
A. A duct bank is one or more electrical conduits grouped together and 

surrounded by a common encasement of concrete. 
 
PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. Thomas and Betts. 
 
B. Underground Devices Inc. 

 
C. Walker Division, Butler Manufacturing Company. 

 
2.02 MATERIALS AND EQUIPMENT 

 
A. Conduit.  Construct ducts using Schedule 40 rigid PVC conduit for straight 

horizontal runs and for bends less than 15 degrees.  For horizontal bends 15 
degrees and greater and all stub-ups, use epoxy fiberglass conduit.  Refer to 
Section 16111 - Conduit, Fittings and Bodies for additional requirements. 

 
B. Spacers.  Secure conduit with non-magnetic, universal, interlocking-type 

spacers for both horizontal and vertical duct arrangements. 
 

C. Concrete.  Use Grade 40 steel reinforced, Class A red concrete as duct 
encasement.  Single conduit duct banks do not require steel reinforcement, 
but do require Class A red concrete encasement.  Refer to Section 03315 – 
Concrete for Utility Construction. 

 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Verify from Contract Drawings and field survey that the location of duct banks 

does not interfere with any existing or new underground facilities. 
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B. Verify that materials are on site in proper condition and that sufficient quantity 
is on hand for the work. 

 
C. Verify that trenches are in the correct places and prepared with sufficient 

depth and width to accommodate the duct banks, reinforcing rod, and 
concrete. 

 
D. Be prepared for inspection of the duct banks before reinforcing rod is 

installed. 
 

E. Before pouring concrete, verify that the ducts are free of debris and properly 
installed in the support and spacer systems and that the ducts are properly 
fitted together and firmly held in place by the hold down hardware. 

 
F. Provide 24-hour notice to City Engineer and the Local Code Inspector for 

cover-up inspection before pouring electrical conduit ductbanks. 
 

3.02 INSTALLATION 
 

A. Use the size of conduit as indicated on the Contract Drawings for the various 
duct banks required for the project.  Conduit type is indicated in Section 
16111 – Conduit, Fittings and Bodies.  Refer to Section 02317 – Excavation 
And Backfill For Utilities.  Install duct banks in accordance with the “Typical 
Duct Bank Installation” details in the Contract Documents. 

 
B. Make duct bank installations and penetrations through foundation walls 

watertight. 
 

C. Assemble duct banks using non-magnetic saddles, spacers and separators.  
Position separators to provide 2-inch minimum concrete separation between 
the outer surfaces of the conduits. 

 
D. Provide a 3-inch minimum structural concrete covering on both sides, top and 

bottom of concrete envelopes around conduits.  Add red dye at the rate of 10 
pounds per cubic yard to concrete used for envelopes for easy identification 
during subsequent excavation.  Refer to Section 03315 – Concrete for Utility 
Construction. 

 
E. Firmly fix ducts in place during pouring of concrete.  Carefully spade and 

vibrate the concrete to ensure filling of spaces between ducts. 
 

F. Make bends with sweeps of radius not less than 12 times the smallest 
diameter of the raceway. 
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G. Make a transition from Schedule 40 PVC to epoxy fiberglass conduit where 
duct banks enter structures or turn upward for continuation above grade. 

 
H. Make bends of 15 degrees or more using epoxy fiberglass conduit. 

 
I. Reinforce all duct banks with two or more ducts.  Single conduit duct banks 

do not require steel reinforcement. 
 

1. Unless otherwise noted on the Contract Drawings, reinforce with No. 5 
longitudinal steel bars placed at each corner and along each face at a 
maximum parallel spacing of 12 inches on centers, and No. 4 stirrups 
transversely placed at 36-inch maximum longitudinal intervals. 

 
2. Maintain a maximum clearance of 2 inches from bars to the edge of the 

concrete encasement. 
 

J. Where ducts enter structures such as handholes, manholes, pullboxes, or 
buildings, terminate the ducts in suitable end bells, insulated L-bushings, 
Meyers hubs or couplings on steel conduits.  Tag conduit entering pull boxes 
and manholes with stamped, stainless steel tags.  Identify as designated in 
cable and conduit schedule or on the plans in the Contract Drawings. 

 
K. Do not backfill with material containing large rock, paving materials, cinders, 

large or sharply angular substances, corrosive material, or other materials 
which can damage or contribute to corrosion of ducts or prevent adequate 
compaction of fill. 

 
L. After completion of the duct bank and prior to pulling cable, pull a mandrel, 

not less than 12 inches long and with a cross section approximately one-
fourth inch less than the inside cross section of the duct, through each duct.  
Then pull a rag swab or sponge through to remove any particles of earth, 
sand or gravel that may have been left in the duct.  Re-pull the rag or sponge 
swab until the swab emerges clean. 

 
M. Use hemp rope to pull conductors into PVC conduit.  Do not use nylon or wire 

cable for this purpose. 
 

N. Install a warning ribbon approximately 12 inches below finished grade over 
underground duct banks.  Refer to Section 16195 - Electrical Identification. 

 
O. For manholes and pull boxes below grade, install non-metallic cable racks to 

support cables properly around the perimeter of the manholes or pull box. 
 

END OF SECTION
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Section 16460 
 

TRANSFORMERS 600 VOLTS AND LESS 
 
  
PART 1: GENERAL 
 
1.01 SUMMARY 
 

A. Section Includes: 
 

1. General purpose, dry type transformers. 
 

2. Drive isolation transformers. 
 

3. Control and signal transformers. 
 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

 
1.03 REFERENCES 
 

A. American National Standards Institute, Inc./Institute of Electrical and 
Electronics Engineers (ANSI/IEEE): 

 
1. ANSI/IEEE C2-90 – National Electrical Safety Code. 

 
2. ANSI/IEEE C57.12.80-78 – Standard Terminology for Power and 

Distribution Transformers. 
 

B. National Electrical Manufacturers Association (NEMA): 
 

1. NEMA LA 1-86 – Surge Arrestors. 
 

2. NEMA ST 1-88 – Specialty Transformers (Except General-Purpose Type). 
 

3. NEMA ST 20-86 – Dry-Type Transformers for General Applications. 
 

C. Underwriters Laboratories, Inc. (UL): 
 

1. UL 486A-80 – Wire Connectors and Soldering Lugs for Use with Copper 
Conductors. 
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2. UL 506-89 – Specialty Transformers. 
 
1.04 SUBMITTALS 
 

A. Submit the following for Engineer’s approval. 
 

B. Product Data: 
 

1. Dimensional plans and sections. 
 

2. Elevations showing minimum clearances. 
 

3. Installed devices. 
 

4. Materials list. 
 

5. Weights. 
 

6. Wiring diagrams. 
 

7. Manufacturer's nameplate data and electrical ratings. 
 

C. Product Test Reports: 
 

1. Certified copies of manufacturer's design and routine factory tests required 
by reference standards. 

 
2. Submit after manufacture of transformer and before installation. 

 
1.05 QUALITY ASSURANCE 
 

A. Items provided under this section shall be listed or labeled by UL or other 
Nationally Recognized Testing Laboratory (NRTL). 

 
1. Terms "NRTL" shall be as defined in OSHA Regulation 1910.7. 

 
2. Terms "listed" and "labeled" shall be as defined in National Electrical 

Code, Article 100. 
 

B. Regulatory Requirements:   
 

1. National Electrical Code (NEC):  Components and installation shall comply 
with National Fire Protection Association (NFPA) 70. 
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C. ANSI/IEEE Compliance:  Comply with applicable requirements of ANSI/ IEEE 
standards, including ANSI/IEEE C2 and C57.12.80. 

 
 
PART 2: PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. Cutler Hammer 
 

B. General Electric 
 

C. Siemens Energy & Automation 
 

D. Square D 
 
2.02 TRANSFORMERS, GENERAL 
 

A. Transformers: 
 

1. Factory-assembled and tested, air-cooled units of types specified, having 
characteristics and ratings as indicated. 

 
2. Design unit for 60 Hz service. 

 
B. Cores:  Grain-oriented, non-aging silicon steel. 

 
C. Coils:  Continuous windings without splices, except for taps. 

 
D. Internal Coil Connections:  Brazed or pressure type. 

 
E. Bolt coil/core to bottom of enclosure for transformers larger than 15 kVA. 

 
1. Isolated by rubber, vibration-absorbing mounts. 

 
2. Metal-to-metal contact between coil/core and enclosure not allowed. 

 
F. Provide copper windings. 

 
G. Nameplates:  Provide metal nameplate listing manufacturer's name, serial 

number, type, class, kVA voltage, frequency, and showing internal wiring 
diagram. 

 
H. Sound Level:  Minimum 3 dB less than sound levels for transformer type and 

size indicated when factory-tested in accordance with NEMA ST 20. 
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2.03 GENERAL PURPOSE, DRY TYPE TRANSFORMERS 
 

A. Comply with NEMA ST 20. 
 

B. Windings:  2-winding type.  3-phase transformers shall use 1 coil/ phase in 
primary and secondary. 

 
C. Transformers shall have following features and ratings. 

 
1. Enclosure:  Indoor, ventilated unless otherwise shown on Contract 

Drawings. 
 

2. Insulation Class:  185oC or 220oC class for transformers 15 kVA or 
smaller; 220oC class for transformers larger than 15 kVA. 

 
3. Insulation Temperature Rise:  80oC maximum rise above 40oC for 15 kVA 

and larger; 115oC maximum rise above 40oC below 15 kVA. 
 

4. Taps:  For transformers 3 kVA and larger, full capacity taps in high voltage 
winding as follows. 

 
a. 3 through 10 kVA:  Two 5% taps below rated high voltage. 

 
b. 15 through 500 kVA:  Six 2-1/2% taps, 2 above and 4 below rated high 

voltage. 
 

c. 750 through 1,000 kVA:  Four 2-1/2% taps, 2 above and 2 below rated 
high voltage. 

 
D. Accessories:  Following accessory items are required where shown on 

Contract Drawings. 
 

1. Surge Arresters:  Low voltage type, factory-installed and connected to 
high voltage terminals; complying with NEMA LA 1. 

 
2. Wall Mounting Brackets:  Manufacturer's standard brackets for 

transformers sized up to 75 kVA where wall mounting indicated. 
 

3. Electrostatic Shielding:  Insulated metallic shield between primary and 
secondary windings.  Connect to terminal marked "shield" for grounding 
connection, where applicable. 

 
2.04 DRIVE ISOLATION TRANSFORMERS 
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A. Comply with requirements of NEMA ST 1 and UL 506, except as specified 
below. 

 
B. Ratings: 

 
1. As indicated and continuous duty. 

 
2. Minimum kVA:  130% of motor nameplate hp. 

 
C. Type: 

 
1. Self-cooled, 2-winding, dry type especially designed for application, with 

special coil bracing to withstand electro-mechanical forces involved. 
 

2. 3-ph transformers shall use 1 coil/phase in primary and secondary. 
 

D. Transformers shall have following features and ratings. 
 

1. Enclosure:  Indoor, ventilated unless otherwise shown on Contract 
Drawings. 

 
2. Insulation Class:  220oC class. 

 
3. Insulation Temperature Rise:  115oC at 115% of rating. 

 
4. Taps:  Two 5% full capacity taps, 1 above and 1 below rated high voltage. 

 
5. Temperature Sensing Device:  Thermistor embedded in coil with leads 

brought out to terminal board. 
 
2.05 CONTROL AND SIGNAL TRANSFORMERS 
 

A. Comply with NEMA ST 1 and UL 506. 
 

B. Ratings: 
 

1. As indicated and for continuous duty. 
 

2. Where rating not indicated, provide 125% of load. 
 

C. Type:  Self-cooled, 2-winding dry type. 
 

D. Enclosure:  Indoor, except as indicated. 
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PART 3: EXECUTION 
 
3.01 INSTALLATION 
 

A. Arrange equipment to provide adequate spacing for cooling air circulation. 
 

B. Tighten electrical connectors and terminals in accordance with manufacturer's 
published torque-tightening values.  Where manufacturer's torque values not 
indicated, use those specified in UL 486A and 486B. 

 
C. Install wall-mounted transformers on prefabricated brackets designed for 

purpose. 
 

D. Install floor-mounted transformers on vibration pads on 3-1/2-inch concrete 
housekeeping pad. 

 
E. Touch up scratched or marred surfaces to match original finish. 

 
F. Identify transformers as specified herein. 

 
G. Install lightning arresters as shown on Contract Drawings. 

 
3.02 FIELD QUALITY CONTROL 
 

A. Test and permanently record as follows. 
 

1. Prior to energization of transformers, test phase-to-phase and phase-to-
ground insulation resistance levels. 

 
2. Test transformers for continuity of circuits and short-circuits. 

 
3.03 ADJUSTING 
 

A. Adjust transformer taps to provide optimum voltage conditions at utilization 
equipment. 

 
3.04 CLEANING 
 

A. Upon completion of installation, inspect interiors and exteriors of accessible 
components. 

 
1. Remove paint splatters and other spots, dirt, and construction debris. 

 
2. Touch up scratches and mars of finish to match original. 
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3.05 PROTECTION 
 

A. Temporary Heating:  Comply with manufacturer's written recommendations 
within enclosure of each transformer throughout periods during which 
equipment is not in a space continuously under normal control of temperature 
and humidity. 

 
END OF SECTION 
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Section 16475 
 

OVERCURRENT PROTECTIVE DEVICES 
 
 
PART 1: GENERAL 
 
1.01 SUMMARY 
 

A. Section Includes: 
 

1. Overcurrent protective devices (OCPDs) rated 600 V and below and 
switching devices commonly associated with OCPDs. 

 
B. Circuit breakers installed in panelboards are specified in Section 16161 – 

Panelboards. 
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

 
1.03 REFERENCES 
 

A. National Electrical Manufacturers Association (NEMA). 
 

1. NEMA KS 1 83 - Enclosed Switches. 
 
2. NEMA 250 85 - Enclosures for Electrical Equipment (1000 Volts 

Maximum). 
 

3. NEMA FU1 86 - Low Voltage Cartridge Fuses. 
 

4. NEMA AB1 86 - Molded Case Circuit Breakers and Molded Case 
Switches. 

 
B. National Fire Protection Association (NFPA): 
 

1. NFPA 70 90 - National Electrical Code (NEC). 
 

C. Underwriters Laboratory (UL): 
 

1. UL 98 87 - Enclosed and Dead Front Switches. 
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2. UL 198C 86 - High-Interrupting Capacity Fuses, Current-Limiting Types.  
Fifth Edition. 

 
3. UL 198E 88 - Class R Fuses.  Fourth Edition. 

 
4. UL 486A 80 - Wire Connectors and Soldering Lugs for Use with Copper 

Conductors.  Seventh Edition. 
 

5. UL 489 86 - Molded-Case Circuit Breakers and Circuit-Breaker 
Enclosures.  Seventh Edition. 

 
6. UL 943 85 - Ground-Fault Circuit Interrupters. Second Edition. 

 
7. UL 977 84 - Fused Power-Circuit Devices.  Third Edition. 

 
8. UL 198L 88 - UL Standard for Safety D C Fuses for Industrial Use. 

 
1.04 DEFINITIONS 
 

A. Overcurrent Protective Device (OCPD):  Device operative on excessive 
current that causes and maintains interruption of power in circuit it protects. 

 
B. Ampere-Squared-Seconds:  Expression of available thermal energy resulting 

from current flow.  With regard to current-limiting fuses and circuit breakers, 
ampere-squared-seconds during fault current interruption represents energy 
allowed to flow before fuse or breaker interrupts fault current within its current 
limiting range. 

 
1.05 SUBMITTALS 
 

A. Submit all products covered under this specification for Engineer’s approval. 
 
B. Shop Drawings: 

 
1. Spare fuse cabinet showing dimensions and features including storage 

provision for fused cartons, where indicated to be provided in the project 
documents. 

 
C. Product Data: 
 

1. Product data for fuses, fusible switches, circuit breakers, and OCPD 
accessories specified in this Section, including descriptive data and time-
current curves for protective devices and let through current curves for 
those with current limiting characteristics. 
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2. Include coordination charts and tables and related data. 

 
D. Test Results: 
 

1. Certified reports of field tests and observations. 
 

1.06 QUALITY ASSURANCE 
 

A. Items provided under this section shall be listed and labeled by UL or other 
Nationally Recognized Testing Laboratory (NRTL). 

 
1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7. 
 
2. Terms "listed" and "labeled" shall be as defined in National Electrical 

Code, Article 100. 
 

B. Regulatory Requirements: 
 

1. Components and Installation: 
 

a. NFPA 70 "National Electrical Code (NEC)." 
 
b. Local codes and ordinances. 

 
C. Single-Source Responsibility:  Obtain similar OCPDs from single 

manufacturer. 
 
D. Coordinate OCPD sizes with characteristics of motors supplied for this 

project.  Pay special attention to high efficiency motors. 
 
1.07 MAINTENANCE 
 

A. Extra Materials: 
 

1. Maintenance Stock, Fuses:  For types, voltage, and ampere ratings 
required, furnish 10% spare fuses, but not less than 1 set of 3 of each 
kind. 

 
 
PART 2: PRODUCTS 
 
2.01 OVERCURRENT PROTECTIVE DEVICES (OCPDs), GENERAL 
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A. General:  Provide OCPDs in indicated types, as integral components of 
panelboards, switchboards, and motor control centers; and also as 
individually enclosed and mounted single units. 

 
B. Enclosures:  NEMA 250. 

 
2.02 GENERAL FUSES 
 

A. General:  Provide fuses of types, classes, and current ratings as indicated.  
Voltage ratings shall be consistent with circuits on which used. 

 
B. Fuses for Direct Current Circuits:  UL 198L and marked for such use by 

manufacturer on fuse label. 
 

C. Cartridge Fuse: 
 

1. Manufacturers: 
 

a. Bussmann Div., Cooper Industries, Inc. 
 
b. Gould Shawmut. 

 
c. Littelfuse Inc. 

 
2. NEMA Standard FU1, unless indicated otherwise, provide nonrenewable 

cartridge fuses of indicated types, classes, and current ratings that have 
voltage ratings consistent with circuits on which used. 

 
3. Class CC Fuses:  UL 198C. 

 
4. Class J Fuses:  UL 198C. 

 
5. Class L Fuses:  UL 198C. 

 
a. Current limiting threshold of 10 times current rating or less and time 

delay of 4 sec at 5 times rating. 
 

6. Class RK1 and RK5 Dual Element Time-Delay Fuses:  UL 198E. 
 
7. Class RK1 Fast-Acting Fuses:  UL 198E. 

 
2.03 FUSIBLE SWITCHES 
 

A. Acceptable Manufacturers: 
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1. Cutler Hammer 
 
2. General Electric 

 
3. Siemens 

 
4. Square D Co. 

 
B. UL 98 and NEMA KS 1 quick-make, quick-break heavy-duty units. 
 
C. Rating:  Load-breaking capacity in excess of normal horsepower rating for 

switch. 
 

D. Withstand Capability:  In excess of let through current permitted by its fuse 
when subject to faults up to 100,000 RMS symmetrical amperes. 

 
E. Operation:  By means of external handle. 

 
F. Interlock:  Prevents access to switch interior except when in "off" position. 

 
G. Fuse Clips:  Rejection type. 

 
H. Padlocking Provisions:  For 2 padlocks, whether open or closed. 

 
I. Enclosure for Switchboard or Panelboard Mounting:  Suitable for panel 

mounting where indicated. 
 

J. Enclosure for Switchboard Mounting:  Provide individual mounting where 
indicated. 

 
K. Enclosure for Independent Mounting:  NEMA Type 0 as indicated or required 

to suit environment where located. 
 
2.04 MOLDED-CASE CIRCUIT BREAKERS 
 

A. Acceptable Manufacturers: 
 

1. Cutler Hammer 
 
2. General Electric 

 
3. Siemens 

 
4. Square D Co. 
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B. UL 489 and NEMA AB 1. 
 
C. Construction:  Bolt in type, except breakers in load-center-type panelboards 

and breakers 225 ampere frame size and larger may be plug in type if held in 
place by positive locking device requiring mechanical release for removal. 

 
D. Characteristics:  Indicated frame size, trip rating, number of poles, and short-

circuit interrupting capacity rating of 10,000 amperes symmetrical, unless 
greater rating is indicated on Drawings. 

 
E. Tripping Device:  Quick-make, quick-break toggle mechanism with inverse-

time delay and instantaneous overcurrent trip protection for each pole. 
 

F. Adjustable Instantaneous Trip Devices:  Factory adjusted to low-trip-setting 
current values. 

 
G. Enclosure for Switchboard or Panelboard Mounting:  Suitable for panel 

mounting in switchboard or panelboards where indicated. 
 

H. Enclosure for Switchboard or Motor Control Center Mounting:  Provide 
individual mounting where indicated. 

 
I. Enclosure for Independent Mounting:  NEMA Type 1 enclosure, as indicated 

or required to suit environment where located. 
 
2.05 INSULATED-CASE CIRCUIT BREAKERS 
 

A. Acceptable Manufacturers: 
 

1. Cutler Hammer 
 
2. General Electric 

 
3. Siemens Energy and Automation 

 
4. Square D Co. 

 
B. UL 489 and NEMA AB 1. 
 
C. Ratings:  Continuous-current, interrupting, and short-time-current ratings, and 

voltage and frequency ratings as indicated. 
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D. Operating Mechanism:  Mechanically and electrically trip-free, stored-energy 
operating mechanism with following features: 

 
1. Moving Contacts Closing Speed:  Independent of both control and 

operator. 
 

E. Circuit-Breaker Features and Accessories:  Include following: 
 

1. Operating Handle:  Provide 1 for each manually operated breaker.  No 
handle ties are permitted. 

 
 
PART 3: EXECUTION 
 
3.01 INSTALLATION 
 

A. Fuses: 
 

1. Install fuses in fusible devices indicated. 
 

B. Independently Mounted OCPDs: 
 

1. Locate as indicated and install in accordance with manufacturer's written 
installation instructions. 

 
C. Factory install OCPDs furnished in distribution equipment. 
 
D. Coordinate size overcurrent protective devices with each motor and 

equipment manufacturer to assure correct size devices and provide 
accordingly. 

 
3.02 APPLICATION OF FUSES 
 

A. Control Circuits:  Class CC, time delay. 
 
B. General Purpose Fusible Switches:  Apply following class and types: 

 
1. 30 600 Amperes:  Class J or RK1, time delay. 

 
C. Combination Starters:  Class J or RK1, time delay. 

 
3.03 IDENTIFICATION 
 

A. Identify with components as specified in Section 16195. 
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3.04 CONTROL WIRING INSTALLATION 
 

A. Install wiring between OCPDs and control/indication devices as specified in 
Section 16120 for hard wired connections. 

 
3.05 CONNECTIONS 
 

A. Check connectors, terminals, bus joints, and mountings for tightness. 
 
B. Tighten field-connected connectors and terminals, including screws and bolts, 

in accordance with equipment manufacturer's published torque tightening 
values.  Where manufacturer's torquing requirements are not indicated, 
tighten connectors and terminals to comply with tightening torques specified 
in UL 486A and UL 486B. 

 
3.06 GROUNDING 
 

A. Provide equipment grounding connections for individually mounted OCPD 
units as indicated and as required by NEC.  Tighten connectors to comply 
with tightening torques specified in UL Standard 486A to assure permanent 
and effective grounding. 

 
B. Ground in accordance with Section 16170. 

 
3.07 COORDINATION STUDY 
 

A. Where coordination study recommends changes in types, classes, features or 
ratings of equipment or devices those indicated, make written request for 
instructions.  Obtain instructions from Engineer before ordering equipment or 
devices recommended to be changed. 

 
3.08 FIELD QUALITY CONTROL 
 

A. Manufacturer's Field Services: 
 

1. Supplier's or manufacturer's technician for equipment specified herein 
shall be present at job site or classroom designated by Owner for 
minimum of ½ workday, travel time excluded, for assistance during plant 
construction, plant startup, equipment adjustment, and training of Owner’s 
personnel for plant operation.  Include minimum of: 

 
1. 1/2 manday for Instructional Services. 
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2. Supplier or manufacturer shall direct services to specific system and 
equipment operation, maintenance, and troubleshooting. 

 
B. Testing: 
 

1. Reports:  Prepare certified written reports on tests and observations.  
Report defective materials and workmanship and unsatisfactory test 
results. 

 
2. Pretesting:  Upon completing installation of system, perform following 

preparations for tests: 
 

1. Make insulation resistance tests of OCPD buses, components, and 
connecting supply, feeder, and control circuits. 

 
2. Make continuity tests of circuits. 

 
3. Include full updating on final system configuration and parameters 

where they supplement or differ from those indicated in original 
Contract Documents. 

 
4. Comply with manufacturer's instructions for installation and testing of 

OCPDs. 
 

3. Visual and mechanical inspection:  Include following inspections and 
related work. 

 
1. Overcurrent-Protective-Device Ratings and Settings:  Verify indicated 

ratings and settings to be appropriate for final system arrangement and 
parameters.  Where discrepancies are found, test organization shall 
recommend final protective device ratings and settings.  Use accepted 
revised ratings or settings to make final system adjustments. 

 
2. Inspect for defects and physical damage, NRTL labeling, and 

nameplate compliance with current single line diagram. 
 

3. Exercise and perform operational tests of mechanical components and 
other operable devices in accordance with manufacturer's instruction 
manual. 

 
4. Check tightness of electrical connections of OCPDs with calibrated 

torque wrench.  Refer to manufacturer's instructions for proper torque 
values. 

 
5. Clean OCPDs using manufacturer's approved methods and materials. 
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6. Verify installation of proper fuse types and ratings in fusible OCPDs. 
 
3.09 CLEANING 
 

A. Upon completion of installation, inspect OCPDs.  Remove paint splatters and 
other spots, dirt, and debris.  Touch up scratches and mars of finish to match 
original finish. 

 
END OF SECTION 
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Section 16476 
 

DISCONNECTS AND CIRCUIT BREAKERS 
 
 
PART 1: GENERAL 
 
1.01 SUMMARY 
 

A. Section Includes: 
 

1. Service disconnects. 
 

2. Feeder and equipment disconnects. 
 

3. Enclosed circuit breakers. 
 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
Include the cost for this work in the lump sum Base Bid Item. 

 
1.03 SUBMITTALS 
 

A. Submit the following for Engineer’s approval. 
 

B. Product Data: 
 

1. Submit for switches, circuit breakers, and accessories. 
 

2. Descriptive data and time current curves for protective devices and let 
through current curves for those devices with current limiting 
characteristics.  Include coordination charts and tables, and related data. 

 
C. Shop Drawings: 

 
1. Wiring diagrams detailing power and control wiring and differentiating 

clearly between manufacturer-installed wiring and field installed wiring. 
 

D. Test Results: 
 

1. Field test reports indicating and interpreting test results. 
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E. Operating and Maintenance Data: 
 

1. Maintenance data for tripping devices. 
 
1.04 QUALITY ASSURANCE 
 

A. Items provided under this section shall be listed or labeled by UL or other 
Nationally Recognized Testing Laboratory (NRTL). 

 
1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7. 

 
2. Terms "listed" and "labeled" shall be as defined in National Electrical 

Code, Article 100. 
 

B. Regulatory Requirements: 
 

1. National Electrical Code (NEC):  Components and installation shall comply 
with National Fire Protection Association (NFPA) 70. 

 
C. Single Source Responsibility:  Enclosed switches and circuit breakers shall be 

product of a single manufacturer. 
 
PART 2: PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. Fusible Switches: 
 

1. Cutler Hammer 
 

2. General Electric 
 

3. Siemens Energy & Automation 
 

4. Square D 
 

B. Molded Case Circuit Breakers: 
 

1. Cutler Hammer 
 

2. General Electric. 
 

C. Siemens Energy & Automation 
 

D. Square D 
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2.02 ENCLOSED SWITCHES 
 

A. Enclosed Non-fusible Switch:  NEMA KS 1, Type HD handle lockable with 2 
padlocks. 

 
B. Enclosed Fusible Switch, 800 Amperes and Smaller:  NEMA KS 1, Type HD, 

clips to accommodate specified fuses, enclosure consistent with environment 
where located, handle lockable with 2 padlocks, and interlocked with cover in 
CLOSED position. 

 
2.03 ENCLOSED CIRCUIT BREAKERS 
 

A. Enclosed Molded Case Circuit Breaker:  NEMA AB 1, handle lockable with 2 
padlocks. 

 
B. Characteristics:   

 
1. Frame size, trip rating, number of poles, and auxiliary devices as indicated 

 
2. Interrupting capacity rating to meet available fault current, 10,000 

symmetrical rms amperes minimum 
 

3. Appropriate application listing when used for switching fluorescent lighting 
loads or heating, air conditioning, and refrigeration equipment. 

 
PART 3: EXECUTION 
 
3.01 INSTALLATION 
 

A. Install enclosed switches and circuit breakers in locations as indicated, 
according to manufacturer's written instructions. 

 
B. Install enclosed switches and circuit breakers level and plumb. 

 
C. Install wiring between enclosed switches and circuit breakers and 

control/indication devices. 
 

D. Connect enclosed switches and circuit breakers and components to wiring 
system and to ground as indicated and instructed by manufacturer. Tighten 
connectors and terminals, including screws and bolts according to equipment 
manufacturer's published torque tightening values for equipment connectors.  
Where manufacturer's torquing requirements are not indicated, tighten 
connectors and terminals according to tightening torques specified in UL 
Standard 486A. 
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3.02    FIELD QUALITY CONTROL 
 

A. Manufacturer’s Field Services: 
 

1. Supplier’s or manufacturer’s representative for equipment specified herein 
shall be present at job site or for assistance during plant construction, 
plant startup, and training of Owner’s personnel for plant operation. 

 
B. Testing:  After installing enclosed switches and circuit breakers and after 

electrical circuitry has been energized, demonstrate product capability and 
compliance with requirements. 

 
1. Procedures:  Perform each visual and mechanical inspection and 

electrical test stated in NETA Standard ATS, Section 7.5 for enclosed 
switches and Section 7.6 for molded case circuit breakers.  Certify 
compliance with test parameters. 

 
2. Correct malfunctioning units at site, where possible, and retest to 

demonstrate compliance; otherwise, remove and replace with new units, 
and retest. 

 
C. Training: 

 
1. Train Owner’s maintenance personnel on procedures and schedules for 

startup and shutdown, troubleshooting, servicing, and preventive 
maintenance. 

 
2. Review operating and maintenance data. 

 
3.03   ADJUSTING 
 

A. Set field adjustable enclosed switches and circuit breaker trip ranges as 
indicated. 

 
3.04 CLEANING 
 

A. After completing system installation, including outlet fittings and devices, 
inspect exposed finish.  Remove burrs, dirt, and construction debris and 
repair damaged finish including chips, scratches, and abrasions. 

 
END OF SECTION 
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	F. Schedule of Values shall include a separate section for Cash Allowances (Section 00410, Part B, Paragraph D). Initial values for the allowances shall be based on the values provided in the Bid Form, and shall be adjusted to reflect actual costs, fo...
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	A. Obtaining Temporary Service:
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	END OF SECTION
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	01535
	TEMPORARY TESTING FLOWS
	Part 1: GENERAL
	1.01 SCOPE OF WORK
	A. Temporary Testing Flows, as specified herein, shall be the only source of water for Hydrostatic Testing, as specified in Division 13 and Field and Functional Testing as specified in Sections 01665.  Temporary Testing Flows shall also be the source ...
	B. Contractor shall obtain temporary testing flows from the following sources:

	TABLE 01535-1
	TESTING FLOW SOURCES
	C. If necessary, furnish all labor, materials, equipment, power, diesel fuel and incidentals required to install and operate a temporary pumping facility to supply temporary testing flows as specified in Sections 01665.
	D. If pumping units are necessary, Contractor may provide electric or diesel powered pumps.  Contractor shall make arrangements for electric power with the Power Company serving the site.  If diesel power is used, the Contractor shall provide for adeq...
	E. The Contractor shall be responsible for obtaining and complying with federal, state, and local permits and approvals to provide, operate, maintain, disassemble and remove the temporary pumping facility.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for labor, equipment, pumps, piping, valves, flow meters and appurtenances necessary to provide temporary testing flows specified under this Section.  Include the cost for this work in the lump sum Stipulated Price ...
	B. Contractor shall obtain City-approved flow meters to measure testing flows of all EWPP filtered, chlorinated water provided by the City.

	1.03 CITY RESPONSIBILITY
	A. With two weeks prior written notice given by the Contractor to the CM/PM, the City will provide, via the EWPP operating staff, access to filtered water from Plant 1-2 for testing as summarized in Table 01535-1, and/or as specified in Section 01665 ...

	1.04 RELATED WORK
	A. Sequence of Work is included in Section 01114.
	B. Submittals are included in Section 01330.
	C. Temporary Facilities and Controls are included in Section 01504.
	D. Equipment Checkout, Field Testing and Functional Testing requirements are included in Section 01665.
	E. Hydrostatic Testing for Bulk Chemical Storage Tanks and Day Tanks is included in Division 13.
	F. Hydrostatic Testing for Concrete Structures for Water Tightness is included in Section 01750.

	1.05 SUBMITTALS
	A. Submit, in accordance with Section 01330, a proposed Temporary Testing Flow Plan for testing required by Section 01665.  If necessary, plan shall include number and type of pumps, location of pumps, fuel storage and suction and discharge piping.
	B. Review of Temporary Testing Flow Plan will be for method and content only and does not relieve Contractor of responsibility to perform work as indicated and specified.


	Part 2: PRODUCTS
	2.01 GENERAL
	A. All temporary products used to perform the Work of this Section shall be owned or leased by the Contractor and shall be as required by the Contractor to perform the Work.


	Part 3: PART 3: EXECUTION
	3.01 INSTALLATION
	A. If necessary, install pumping equipment and piping in accordance with the approved plan.

	3.02 OPERATION
	A. As necessary, furnish all power, diesel fuel, operating labor, maintenance and all incidentals to operate the temporary pumping facility.
	B. Operation for Field, Functional and Acceptance Testing shall require written authorization from the CM/PM.
	C. Comply with all operating constraints specified in Section 01114.

	3.03 REMOVAL
	A. When the temporary pumping facility is no longer required, remove all equipment, piping, electric power feed, fuel tanks, concrete pads (if any) and other incidentals.  Restore all areas disturbed by the facilities to the original condition or as r...

	3.04 ENVIRONMENTAL REQUIREMENTS
	A. Obtaining and complying with applicable environmental permits and approvals for providing, operating, and maintaining the temporary pumping facility are the responsibility of the Contractor.  Said permits and approvals may include, but are not limi...



	01560
	SITE SECURITY
	Part 1: GENERAL
	1.01 SCOPE OF WORK
	A. Contractor shall be responsible for protection of the site, and all Work, materials, equipment, and existing facilities hereon, from actions of the Contractor, and his employees, including all sub-contractors and suppliers, whether engaged in the e...
	B. Contractor shall also be responsible for loss protection and protecting all of the Contractor’s property, equipment, assets and employees while on the work site.
	C. No claim shall be made against Owner by reason of any act of an employee or trespasser.
	D. Contractor shall comply with all security measures required by the Owner, including access badging requirements, background security checks, vehicle searches, and all other security measures, either required in this Section or as appropriate on the...
	E. Contractor shall be solely responsible for all security and loss prevention within the Temporary Field Office Area and Work Area throughout the duration of the Contract.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for any site security provided by the Contractor under this Section.  Include the cost for all site security required under this Section in the lump sum base bid item.

	1.03 MANDATORY BACKGROUND CHECKS AND CITY OF HOUSTON BADGING REQUIREMENTS
	A. All Contractor employees and subcontractors must be a U.S. Citizen or have a legal work permit. Each person must also present a valid unexpired U.S. state driver’s license or photo identification card. A U.S. issued resident alien card, with photo,...
	B. Contractor shall conduct background security checks, to include criminal records and driving records, on all employees at time of hiring and periodically thereafter and provide copies to PUD Security prior to first day of work for each employee.
	C. The City of Houston/PUD Security Group will also conduct a criminal background check on all Contractor and subcontractor employees assigned to work on the site.  Attachment A to this Section is a copy of the City’s “Disclosure and Consent for Relea...
	D. Each employee of the Contractor and its subcontractors will be required to apply for, and receive, a City of Houston identification card/access badge before being granted access to the work site.  Attachment B to this Section is a copy of the City’...
	E. Equipment vendors or manufacturer’s representatives who will be required to be on-site for more than four (4) consecutive working days, or cumulatively more than eight (8) working days will be required to comply with background check and badging re...
	F. Identification cards/access badges will only be issued by the City once a background check has been completed for the Contractor of subcontractor employee, and clearance has been granted by the City.
	G. All construction employees must show a valid identification card upon request while working on site.
	H. The Contractor shall provide City of Houston/PUD Security a weekly list of current contractor and subcontractor employees.  This list shall be updated immediately by the Contractor as changes occur.
	I. Lost cards are disabled and replacement cost is $50.00.

	1.04 CONTRACTOR / SUBCONTRACTOR HARDHAT IDENTIFICATION
	A. Each Contractor employee, including subcontractors, must wear a hard hat with proper identification.  Each hardhat shall display a distinctive corporate logo to identify the responsible company.

	1.05 VEHICLE IDENTIFICATION/PARKING PASS
	A. The Contractor shall provide the Owner with a list of the following information for their vehicles:  year, make, model, color, state, license plate number, company that employs the driver, and the driver’s name.  Any changes shall be forwarded to t...
	B. Contractor personal vehicles may be parked only in the areas designated for such parking.  Any vehicle found to be in violation of parking requirements is subject to being towed from the site at the risk and expense of the vehicle owner.
	C. Contract company-owned and/or leased vehicles entering City of Houston/PUD facilities must have company logos displayed on both sides of the vehicle. Company logos must be displayed on the body of the vehicle.
	D. Contract personnel utilizing their personal vehicles for company business inside a City of Houston/PUD facility must also display company logos. They may display their company logo on each side of their rear side windows. If the vehicle is a pickup...
	E. All equipment on rubber tires, such as mobile cranes, backhoes, air compressors, welding machines, etc must also display company logos while being operated inside a City of Houston/PUD facility.
	F. All deliveries are subject to random inspections by security personnel.

	1.06 DELIVERIES
	A. All Contractor deliveries shall occur only during scheduled Contractor working hours, including work time scheduled on Sundays, legal holidays and/or outside of the normal working hours specified in the Supplementary Conditions.  No unscheduled, af...
	B. The Contractor shall provide a list of all anticipated deliveries to the Construction Manager each Monday morning and/or Friday afternoon with updates provided each day in the morning if required due to scheduling changes.

	1.07 VISITOR ACCESS
	A. The Contractor shall provide a list of all anticipated, un-badged site visitors, including drivers license number, to the Construction Manager and the City’s Security Contractor each Monday morning and/or Friday afternoon with updates provided each...
	B. Contractor shall provide the Construction Manager with twenty-four (24) hours advance notice of the scheduled arrival of any un-badged visitor, including drivers license number, who is requesting access to Work Site Area.
	C. Only un-badged visitors with a material interest in the Work may be granted authorized access to the site, at the discretion of the Construction Manager and the City’s Security Contractor.
	D. In addition to delivery vehicles described in Paragraph 1.6 above, visitors with a material interest in the Work may include manufacturer’s representatives, equipment vendors, testing laboratory personnel, and other personnel whom the Construction ...
	E. No visitor shall be allowed into Work Site without a temporary badge issued by the City’s Security Contractor.
	F. Visitors who are expected to be on-site for more than four (4) consecutive work days, or eight (8) cumulative work days shall comply with the background check and badging requirements listed in Paragraph 1.03 above.  The Construction Manager and th...

	1.08 CONTRACTOR’S WORK SITE SECURITY
	A. The Contractor must store all equipment and materials only in those areas designated by the Owner for this purpose.  The Owner is neither responsible nor liable for any equipment, materials, or other property of the Contractor.
	B. The Contractor may choose, at his expense, to provide additional security elements as desired to adequately protect his assets on the job site.

	1.09 interviewing
	A. Contractor shall not conduct any interviews of potential employees on the plant site.  All interviews must be conducted off-site.

	1.10 INSPECTIONS AND SUPERVISION
	A. The Construction Manager and/or the City of Houston/PUD Security Section will, at their discretion, inspect the security facilities and review operations and will report, in writing, to the Contractor the results of such inspections.  Upon request ...

	1.11 DOCUMENTATION AND REPORTING REQUIREMENTS
	A. The Contractor shall maintain copies of records, including but not limited to, each of the following items using forms provided by or approved by the Construction Manager.
	B. A regularly maintained and updated list of all authorized Contractor and Subcontractor personnel and all Contractor and Subcontractor vehicles authorized by the City for use on the site.
	C. A list of all scheduled site visitors and deliveries associated with the Contractor’s Work.
	D. A complete record of all reported incidents of injury, fire, or emergency.
	E. A complete record of all reported incidents of theft or vandalism.
	F. A complete record of all infractions of the Project Rules and Regulations.

	1.12 VEHICLES AND/OR MOBILE EQUIPMENT
	A. Entry on site for vehicles and mobile equipment and drivers shall be entirely at risk of Contractor, Subcontractors and/or individual seeking such entry.
	B. All vehicles and equipment requested to be site permitted shall be duly inspected, licensed and covered by insurance as required by the Contract Documents, before Contractor and Subcontractors request permission for their entry on site.
	C. Drivers/operators shall be fully and currently licensed and/or certified to drive the type of vehicle or to operate the type of equipment brought on-site.
	D. Drivers shall observe and obey all Texas Laws at all times.
	E. The maximum permissible speed on site is 20 MPH, however, speeds much lower than this may be the maximum safe speeds and it is the direct responsibility of the diver to drive at a safe speed in any area at any given time according to the circumstan...
	F. The movement and parking of vehicles and equipment on site shall be kept to the minimum necessary to meet construction requirements.
	G. Vehicles not directly associated with the performance of the Work shall not be granted entry to site.
	H. All vehicles and loads shall be subject to search by City security personnel, CM, or other authorized personnel at any location on site at any time.
	I. Vehicles may only be driven or parked in construction areas, or access roads only when directly engaged in deliveries to that area and subject to regulations stated herein.  No vehicle or mobile equipment shall be left unattended when in constructi...
	J. No vehicle or equipment shall be parked or placed on any road on site as to hinder or prevent clear passage of other vehicles thereof, unless the requirements of the Work so necessitate, in which case the prior written approval of CM for such hindr...
	K. Movement of heavy mobile equipment on plant paved roads shall be performed in a manner which precludes damage to the pavement and related structures.  The Contractor shall be wholly responsible for the protection and safety of life and property inc...


	Part 2: PRODUCTS – NOT USED
	Part 3: EXECUTION – NOT USED

	01560 Att A
	01560 Att B
	01562_tree_and_plant_protection
	2. Trunk damage from equipment operations, material storage, or from nailing or bolting.
	3. Trunk and branch damage caused by ropes or guy wires.
	4. Root or soil contamination from spilled solvents, gasoline, paint, lime slurry, and other noxious materials.
	5. Branch damage due to improper pruning or trimming.
	6. Damage from lack of water due to:
	a. Cutting or altering natural water migration patterns near root zones.
	8. Cutting of roots larger than one inch in diameter.

	01570_storm_water_pollution_control
	01575_stabilized_construction_exit
	01576-waste_material_disposal
	01578_control_of_ground_and_surface_water
	B. Federal Regulations, 29 CFR Part 1926, Standards-Excavation, Occupational Safety and Health Administration (OSHA)
	possible contaminant transport from contamination sources into work area or
	ground water control system.
	take measures necessary to ensure effective dewatering for intended purpose.

	01580_project_identification_signs
	01610_basic_product_requirements
	schedules and in ample time to facilitate inspection prior to Installation. Avoid
	deliveries that cause lengthy storage or overburden of limit storage space.
	Suitable materials handling equipment.
	END OF SECTION

	01630-jr
	01640
	MANUFACTURERS' SERVICES
	Part 1: GENERAL
	1.01 SCOPE OF WORK
	A. Where specified, provide manufacturer's representatives to perform installation assistance, inspections, testing, start-up services and training as specified herein.
	B. Manufacturer's services shall include:
	1. Assistance during installation to include observation, guidance, instruction of Contractor's personnel in assembly, erection, and installation or application procedures.
	2. Inspection, checking, and adjustment for equipment to function as specified.
	3. Revisiting the site to correct problems until installation and operation meet the specified requirements at no additional cost to the City.
	4. Resolution of assembly or installation problems attributable to, or associated with, respective manufacturer's products and systems.
	5. Assistance during testing until Substantial Completion.
	6. Training of the Southeast Water Purification Plant's personnel in the operation and maintenance of manufacturer's product.
	7. Completion of Manufacturer's Certificate of Physical Checkout and Installation in accordance with Section 01665.
	8. Completion of Manufacturer’s Portion of Certificate of Field Testing and Certificate of Functional Testing in accordance with Section 01665.
	9. Certification of compliance with manufacturer's long term storage conditions and maintenance requirements.
	10. Vendor training in accordance with Section 01735.


	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work provided under this section. Include the cost for this work in the lump sum Stipulated Price, in Section 00410, Part B, Paragraph A.

	1.03 RELATED WORK
	A. Submittals are included in Section 01330.
	B. Equipment Delivery, Storage and Handling is included in Section 01610.
	C. Equipment Checkout, Field Testing and Functional Testing is included in Section 01665.
	D. Vendor Training is included in Section 01735.
	E. Operation and Maintenance Data are included in Section 01782.

	1.04 DEFINITIONS
	A. Person-Day: One person for 8 hours within regular Contractor working hours exclusive of travel time.

	1.05 SUBMITTALS
	A. Qualifications of proposed manufacturer's representative(s) and manufacturer’s certificate of factory training in accordance with Paragraph 1.06.
	B. All certificates and forms as specified in Sections 01650, 01665, 01735 and 01782, as specified herein and in the product specification section.

	1.06 QUALIFICATION OF MANUFACTURERS' REPRESENTATIVE
	A. Provide authorized representatives of the manufacturers, factory trained and certified in factory training in the technical applications, installation, operation, and maintenance of respective equipment, subsystem, or system.  Representatives shall...
	B. Manufacturers' representatives shall have a minimum of three years experience within the last five years in the installation, adjustment, operation, testing and start-up of the equipment and systems being installed and shall have participated in at...
	C. The manufacturer's representative(s) that will conduct the detailed classroom and onsite hands-on training shall be present at the training coordination meeting specified herein to allow the CM/PM to interview the trainer(s), review the proposed pr...
	D. Manufacturer’s sales and marketing personnel will not be accepted as Manufacturer’s Representatives.

	1.07 FULFILLMENT OF SPECIFIED MINIMUM SERVICES
	A. Provide manufacturer’s assistance time where specified, exclusive of any requirements due to retesting, which shall be provided at no additional cost to the City.
	B. Schedule manufacturer's onsite services so as not to conflict with other onsite testing or other manufacturer's onsite services.
	C. Determine that all conditions necessary for testing and/or certification have been met before scheduling manufacturer's services.
	D. The Contractor shall notify the CM/PM and receive approval of manufacturer’s representative prior to scheduling manufacturer's services.  Only those days of services and site visits, approved by CM/PM will be credited to fulfill the specified minim...
	E. Manufacturer's responsibilities include the following categories of work, including Specification Section where details of the work are specified.
	Related Specification
	UCategory of Manufacturer's WorkU U           Section

	Complete Technical Data Forms  01610, 01650
	Prepare Submittals  01330, 01640 and Technical Sections
	Conduct Shop Testing  01665 and Technical Sections
	Prepare Operation and Maintenance Manual  01782
	Prepare Training Program and Conduct Training  01735
	UCategory of Manufacturer's WorkU U           Section

	Equipment Physical Checkout and Installation  01665 and Technical Sections
	Complete Manufacturer's Certificate of Physical
	Checkout and Installation  01665

	Field Testing  01665 and Technical Sections
	Complete Certificate of Field Testing  01665
	Functional Testing  01665
	Complete Certificate of Functional Testing  01665
	Instructor Certification  01735
	Instructor and Trainee Manuals  01735
	DVD with video of Vendor Training Session  01735
	Vendor Training of City Personnel  01735


	Part 2: PRODUCTS – NOT USED
	Part 3: EXECUTION – NOT USED

	01650
	Part 1: GENERAL
	1.01 DESCRIPTION
	A. Nomenclature labels shall be as indicated or specified in Paragraph 1.06 below, and as shown on the Drawings.  Nomenclature for facilities, systems, equipment and valves shall be used on all correspondence, submittals, and nameplates as described b...
	B. Use the nomenclature labels indicated or specified in all transactions, including correspondences and submittals.  If a nomenclature label is not specified or indicated, notify the CM.  The CM will assign additional nomenclature labels, where appro...
	C. Labels for painted piping and painted equipment provided under Section 09905 are not part of this Section.
	D. Nomenclature and tagging for items provided under Division 13 are part of this section and shall be in accordance with the requirements specified in this Section.
	Nomenclature and tagging for valves provided under Division 15 are part of this section and shall be in accordance with the requirements of this Section.
	E. Nomenclature and tagging for electrical items provided under Division 16 are part of this section and shall be in accordance with the requirements of this Section.
	F. In addition to the numbering system specified, the City maintains a Computerized Maintenance Management System (CMMS) that utilizes an Asset Identification and Tagging System nomenclature.  The Asset Identification and Tagging System nomenclature i...
	G. Fill out and submit completed Technical Data Forms.

	1.02 MEASUREMENT AND PAYMENT
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	Part 1: GENERAL
	1.06 NOMENCLATURE
	B. Process equipment, pumps, gates, valves and access hatches shall be identified as shown on the Drawings and as indicated in individual specification sections.


	Part 2: PRODUCTS
	2.01 TAGS
	A. For each item assigned a nomenclature label as specified or indicated, provide a tag with the corresponding nomenclature label.
	B. For equipment, provide corrosion resistant, 0.125-in thick plastic tags with equipment nomenclature, in white 1/2-in lettering, engraved in black enamel background, with a minimum of 1/8-in border around the engraved print, and with extra length to...
	C. Provide materials specified below for attaching tags to equipment:
	1. Provide 1/8-in by 3/8-in, Type 316 stainless steel machine screws.
	2. Provide one-piece self locking nylon tag fasteners for tags that cannot be attached with screws.
	a. Provide nylon fasteners to attach tags only on non-moving parts of stationary equipment.
	b. Fasteners longer than 8-in are not acceptable.
	c. Provide no more than one fastener per tag.

	3. Provide 5-mil solvent-activated permanent adhesive.



	Part 3: EXECUTION
	3.01 GENERAL
	A. It is essential to the construction, operation, and maintenance of the Project that the nomenclature and tagging system is correctly implemented.  Therefore, all correspondence, requests for information, submittals, operations and maintenance data,...

	3.02 INSTALLATION OF TAGGING
	A. Provide all material, equipment, and labor to install identification systems as specified and indicated.
	B. Prepare and clean surfaces on which signs and tags will be mounted prior to installation.
	C. Tags
	1. Attach tags to be accessible and readable without disassembly, removal, or disruption of operation of any equipment.
	2. Do not install tags in path of operation of moving or moveable equipment.
	3. Tighten nylon tag fasteners such that tags do not hang more than 1-in from equipment in accordance with manufacturer’s printed instructions.
	4. Drilling for Machine Screws
	a. For fluid handling equipment including pipes, valves and pumps, and electric motors do not drill directly into wall containing the fluid or machinery; drill into flanges or support elements for attaching tags.


	D. Install tags as specified with the specified or indicated nomenclature label incorporated as the text for these tags.

	3.03 ASSET IDENTIFICATION SYSTEM
	A. The Contractor shall use the Asset Identification System to fill out the Technical Data Forms.  This nomenclature is ONLY to be used on the Technical Data Forms.
	B. The Contractor shall obtain the most recent version of the Technical Data Form from the Construction Manager.  An example Technical Data Form is included in Attachment A.  The nomenclature shall be designated as follows:
	1. The Contractor shall assign each piece of equipment, as specified in this Section, a unique number in accordance with the Asset Identification and Tagging Numbering System.  The nomenclature is an alpha-numeric code required for each asset, accordi...
	2. Code values must be designated on the Technical Data Form for each new mechanical or electrical piece of equipment.  The Technical Data Form is to be submitted for all new mechanical and electrical equipment (including instrumentation) added under ...
	3. The first code is the “Location” code.  The “Location” Code for this project will be provided by the City.
	4. The second code value is the “System” code.  The two digit numeric “System” code identifies assets by its functional position.  The currently established system codes are shown as follows:
	5. The third code value is the “Position” code.  The “Position” code is an alpha-numeric code which combines processes and functions.  The currently established position codes are shown in Attachment B.
	6. The fourth code value is “Asset” code.  The four digit “Asset” code is a numeric code that describes the asset position or station number.  The plant asset identification numbers will be assigned by the City of Houston.


	3.04 TECHNICAL DATA FORMS
	A. Obtain most recent Technical Data Form from CM.
	B. Completely fill out Technical Data Form using the nomenclature specified in Paragraph 3.03.
	C. General Form Requirements
	1. Provide completed forms electronically using template provided by CM.  Template will be a Windows-based program.
	2. Submit hard copy of all electronic files.
	3. Completely check all forms so that the information provided exactly matches the data for the equipment supplied.

	D. Use electronic file for the Technical Data Form provided by CM.  Form shall be submitted electronically in Microsoft Excel format and hardcopy.
	E. Complete the Technical Data Form as specified.

	3.05 CLOSEOUT PROCEDURES
	A. Provide in accordance with Section 01770.
	B. Compare tags and signs with equipment and areas referenced.  Replace tags and signs that do not reference equipment or area to which attached, located, or giving direction to, at no additional cost to the City.  Attachment A – Sample Technical Data...



	01665
	EQUIPMENT CHECKOUT, FIELD TESTING, AND FUNCTIONAL TESTING
	Part 1: GENERAL
	1.01 SCOPE OF WORK
	A. The general testing program for the process equipment portion of the Work included in the East Water Purification Plant Chemical Feed Systems Improvements is specified in Section 01665 and is summarized as follows:
	1. Checkout and certification of individual equipment installation is specified in Section 01665 and in the individual equipment specifications.
	2. Field testing of individual equipment is specified in Section 01665 and in the individual equipment specifications.
	3. Hydrostatic testing for chemical bulk storage and day tanks is specified in Sections 13201, 13202 and 13210.
	4. Functional Testing of groups of equipment or a unit treatment process is specified in Section 01665 and in the individual equipment specifications.
	5. Disinfection processes are specified in Section 02514 and 02519.
	6. A schematic illustrating the process equipment and systems testing requirements of Sections 01665 is provided in Appendix A.

	B. Under Section 01665, install, adjust, conduct initial operation and testing of the equipment furnished under Divisions 11, 13, 14, and 15, except as noted herein.
	C. Equipment Checkout and Testing procedures not included in Section 01665, but specified elsewhere include:
	1. Equipment Checkout and Testing procedures for the control system under Sections 13300 and 13315 are detailed in Section 13300.
	2. Equipment Checkout and Testing of HVAC work is specified under Sections 15040 and 15950.
	3. Equipment Checkout and Testing of Electrical work is specified under Division 16.

	D. Contractor shall provide all coordination with Subcontractors for testing specified herein.
	E. Testing of Piping Systems:
	1. Field testing of piping systems shall consist of pressure testing as specified in individual piping specification sections and Divisions 2 and 15.
	2. Piping systems shall undergo Functional Testing as a component of the individual equipment systems with which they are integrated.

	F. The physical inspection and testing requirements in this Section are in addition to those requirements specified in the technical specifications.
	G. Provide the following checkout and testing activities:
	1. Physical Checkout and inspection of equipment and materials to verify conformance of the installed equipment and materials as indicated and as specified.
	2. Shop Testing of equipment as specified in the Sections of Divisions 2 through 16 and as specified herein.
	3. Field Testing of equipment as specified in the Sections of Divisions 2 through 16 and as specified herein.
	4. Factory Testing of equipment and systems as specified herein.

	H. Provide a Checkout and Testing Plan covering the entire equipment checkout, field testing, hydrostatic testing, functional testing and acceptance testing process as specified herein.
	I. Coordination Required:
	1. The Contractor shall provide all power and testing flows required for all equipment checkout, field testing, flow rate control testing, and functional testing.
	2. Coordinate the Manufacturer's services of equipment suppliers as specified in Section 01640, Section 01782, Section 01735 and the related Technical Sections.
	3. Coordinate the services of the Applications Engineer Services Supplier (AES), provided by the City of Houston.
	4. Coordinate testing with the Process Control System Integrator (PCSI), as specified in Section 13300.
	5. Coordinate the services of the Electrical Subcontractor as specified herein.  Specific requirements of the Electrical Subcontractor are specified in the individual equipment specification sections in Division 16.
	6. Coordinate work so as not to interfere with the East Water Purification Plant’s operational requirements presented in Section 01114.
	7. Coordination shall be in accordance with Testing Coordination Schedule, attached as Appendix A-2.

	J. Testing Flows for equipment checkout, hydrostatic tests, equipment field tests, and functional testing are specified in Section 01535.
	1. Filtered, chlorinated water shall be used for testing flows specified under Section 01665.


	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section. Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.

	1.03 RELATED WORK
	A. Summary of Work is included in Section 01110.
	B. Construction Sequence is included in Section 01114.
	C. Program Schedule requirements are included in Section 01325.
	D. Temporary Testing Flows are included in Section 01535.
	E. Services of Manufacturer's Representatives are included in Section 01640.
	F. Equipment Nomenclature, Data Identification and Data Input are included in Section 01650.
	G. Vendor Training is included in Section 01735.
	H. Closeout Procedures are included in Section 01770.
	I. Operation and Maintenance Data is included in Section 01782.
	J. Disinfection of Water Lines is included in Section 02514.
	K. Disinfection of Potable Water Facilities is included in Section 02519.
	L. Instrumentation and Control Work is included in Division 13.
	M. HVAC Work is included in Section 15950.
	N. Electrical Work is included in Division 16.

	1.04 DEFINITIONS
	A. Application Engineering Services Supplier (AES) shall be provided by the City of Houston, and is responsible for coordinating instrument and control components furnished by the City and for providing programming and configuration for the control an...
	B. Checkout and Testing Plan, as specified in Section 01665 shall be prepared by the Contractor and shall detail the testing procedures and schedule for all shop, factory, field, and functional testing required in Sections 01665, and in Divisions 13, ...
	C. Construction Manager (CM) is the firm hired by the City of Houston to oversee and coordinate all work performed by the Contractor under this Contract.  The terms Construction Manager and Project Manager are used interchangeably throughout the techn...
	D. Design Engineer (DE) is the firm of HDR, Inc. who prepared the design of the EWPP Chemical Feed Systems Improvements for Plant  1-2.
	E. Field Testing is defined as testing that is performed by the Contractor and/or Subcontractors, with Supplier assistance, on Products after they have been installed in the Work, and after the completion of physical checkout, for the purpose of provi...
	F. Functional Testing is defined as testing performed by the Contractor on a “system” normally comprised of two or more pieces of equipment, valving and controls, after the equipment has been installed in the Work, and after Physical Checkout and Fiel...
	G. Manufacturer's Representative, also referred to in the technical specifications as a Factory-Trained Service Engineer, is defined as a person, or persons provided by the Manufacturer or Supplier, who is qualified by having the training and experien...
	H. Operation and Maintenance Data, as specified in Section 01782, shall be prepared by the Contractor identifying an overview of equipment/system operation and maintenance.  Operation and Maintenance Data will be submitted prior to, or with, delivery ...
	I. Operational Readiness Test (ORT) is as defined in Section 13300.
	J. Physical Checkout is defined as the process of physically inspecting Products after they have been installed in the Work to determine if the Products have been installed as specified and as indicated, and are ready for Field and/or Functional Testi...
	K. Pre-installation Meeting is a meeting of the CM/PM, Contractor and Manufacturer’s Representative to be scheduled prior to installation of process equipment to review installation schedule and coordination with other activities.  Pre-installation me...
	L. Pre-submittal Meeting is a specified meeting of the CM/PM, Contractor and Manufacturer's Representative to be scheduled prior to shop drawing submittal of process equipment to review submittal requirements and review equipment to be submitted.  Pre...
	M. Process Control System Supplier (PCSI) is the integrator of local control panels, operator interface devices, and accessories and appurtenances provided under Division 13.
	N. Shop Testing is defined as testing that is done by the Supplier either at a place selected by the manufacturer, the place of manufacture, the place of assembly, or at another location where the testing apparatus required to meet the specifications ...
	O. Testing and Checkout Coordinator is defined as the person provided by the Contractor to coordinate and oversee all testing and inspection activities required by the contract documents.
	P. Testing Flows are water flows required to complete Field Testing and Functional Testing as specified in Section 01665.  The Contractor shall be responsible for providing and disposal of Testing Flows, in accordance with the requirements of Sections...
	Q. Training Manuals, including Instructor Manual and Trainee Manual as specified in Section 01735.  The Instructor Manual defines the concepts and information to be taught to each target audience.  The Trainee Manual provides an organized package of i...
	R. Testing and Checkout Plan shall be prepared by the Testing and Checkout Coordinator, and shall define the testing requirements, testing responsibilities, forms, supplies and consumables and schedules.
	S. Unwitnessed Factory Tests (UFT), System Integration Test (SIT) and witnessed Factory Tests (WFT) are conducted at the factory and are defined in Section 13300.

	1.05 SUBMITTALS
	A. Submit, in accordance with Section 01330, the Checkout and Testing Plan, which details testing procedures for shop tests, factory tests, field tests, functional tests and acceptance tests as specified herein, and in the various equipment technical ...
	1. Submit fifteen copies of Preliminary Checkout and Testing Plan at least 90 days in advance of the proposed test dates.
	2. The Preliminary Checkout and Testing Plan shall be reviewed by the CM/PM, revised by the Contractor.  Submit fifteen copies of revised Checkout and Testing Plan within 30 days in advance of the proposed test dates.
	3. The Checkout and Testing Plan will be approved by the CM/PM after all the specified requirements are met.  The Contractor shall continue to update the approved Checkout and Testing Plan, working in conjunction with the CM/PM prior to the start of t...

	B. Copies of test reports upon completion of specified shop, performance and acceptance tests.  Test reports shall incorporate the information provided in the test procedures submittals, modified to reflect actual conduct of the tests and the followin...
	1. Copy of all test data sheets and results of lab analyses.
	2. Summary comparison of specified test and performance requirements vs actual test results.
	3. Should actual test results fail to meet specified test and performance requirements, describe action to be taken prior to re-testing equipment.

	C. Copies of the manufacturer's field service technician's report summarizing the results of the initial inspection, operation, adjustment and pre-tests.  The report shall include detailed descriptions and tabulations of the points inspected, tests an...
	D. Testing Flows and Process Flows Discharge Water Quality Weekly Monitoring Report.
	E. Twice per month Equipment Checkout and Testing Schedule updates.
	F. Submit six copies of required certifications:
	1. Manufacturer's Certificate of Physical Checkout and Installation
	2. Certificate of Field Testing
	3. Certificate of Functional Testing


	1.06 NOTIFICATION
	A. Notification of testing shall be as specified herein and shall be in writing to the CM/PM.   Final notification requirements, reflecting modifications to the Checkout and Testing Plan, are presented as minimum days prior to scheduled testing and as...
	Shop Testing 30 days
	Physical Checkout 7 days
	Field Testing 7 days
	Instrumentation Field Testing 7 days
	Hydrostatic Testing of Bulk Chemical and Day Tanks 14 days
	Functional Testing 7 days
	Instrumentation Functional Testing  7 days
	Central Control Instrumentation Functional Testing 30 days


	1.07 REFERENCE STANDARDS
	A. American Water Works Association (AWWA)
	1. AWWA C653 - Disinfection for Water Treatment Plants.
	2. AWWA D100 - Storage Tanks

	B. National Science Foundation (NSF)
	1. Standard 60 - Drinking Water Chemicals
	2. Standard 61 - Drinking Water Components


	1.08 QUALITY ASSURANCE
	A. The Contractor shall designate, in the Checkout and Testing Plan, a Testing and Checkout Coordinator, to coordinate and manage the activities defined in the checkout plan, as approved by the CM/PM.  Testing and Checkout Coordinator shall have been ...
	B. Manufacturer's Representatives and field service technicians shall be certified, competent, and experienced in accordance with Section 01640 for installation, adjustment, operation, testing and startup of the equipment and systems being installed i...
	C. Tagging of equipment per Section 01650, including approval of Technical Data Forms, must be complete before approval to begin Field Testing will be issued by the CM/PM.
	D. Final, approved Operations and Maintenance Manuals must be complete prior to functional testing.

	1.09 PRE-REQUISITE ACTIVITIES
	A. Prior to beginning the Physical Checkout and Testing work, the following pre-requisite activities shall be completed.
	1. Shop Drawings Approved, in accordance with the requirements of Section 01330.
	2. O&M Manual Approved, in accordance with the requirements of Section 01782.
	3. Approved System Factory Tests of LCPs in accordance with Section 13300.
	4. Complete and submitted Electrical Point-to-Point Connection Diagrams, in accordance with the requirements of Division 16.
	5. Completed Electrical Testing in accordance with Section 16010.
	6. Complete Applications Software Test, per Division 13.
	7. Complete Tagging per Section 01650.


	1.10 WATER SOURCE FOR TESTING
	A. Water for all testing required in this Section shall be filtered and chlorinated as specified in Section 01535.
	B. Contractor shall, through the CM/PM, make arrangements with the City to obtain such water.  Contractor must notify CM/PM 14 days before water is required.
	C. All labor, equipment, materials and power required to convey the water to the structure shall be supplied by the Contractor.
	D. Contractor shall coordinate with the CM/PM and SEWPP operating staff to comply with all capacity constraint requirements specified in Section 01114.

	1.11 WASTING AND DISPOSAL OF TESTING FLOWS AND PROCESS FLOWS
	A. Disposal of Testing Flows shall not be done without prior approval of CM/PM.
	B. The Contractor shall discharge Waste Testing Flows at locations to be approved by the CM/PM.
	C. The Contractor shall monitor Testing Flow Discharges in accordance with the following:
	1. Continuous monitoring/recording of turbidity, pH, and chlorine residuals shall be provided for all discharges.
	2. Daily monitoring/recording of Total Suspended Solids, particles, color and temperature.  Monitoring/recording shall be based upon composite sample collected throughout the operating day.  Composite sample shall be flow paced.
	3. Analytical testing procedures shall be in accordance with AWWA Standard Methods.
	4. Continuous flow rate monitoring, and daily flow totals shall be provided.

	D. The Contractor shall submit a Discharge Water Quality Monitoring Weekly Report detailing monitoring results and flow rate monitoring results.  Report for the week shall be submitted by Monday of the following week.
	E. The Contractor shall review discharge water quality and flow monitoring results daily.  Results not in compliance with this Section shall be reported immediately to the CM/PM.
	F. The Contractor shall stop discharges that are not in compliance with this Section.

	1.12 ROLES AND RESPONSIBILITIES
	A. Contractor’s Role and Responsibility
	1. Provide all services, materials, labor, supplies, test equipment and other items necessary to perform the testing specified herein and in the equipment specifications.
	2. Provide Testing Flows, per Section 01535.
	3. Arrange and provide for survey crews, engineers, quality control technicians, manufacturer's representative(s) and the required governmental agency representatives to meet the specified testing requirements.
	4. Provide the services of the equipment Manufacturer's Representative(s) as specified in Section 01640 and as follows:
	a. During installation as specified in PART 3 of the equipment specifications.
	b. During Shop Testing as specified in PART 2 of the equipment specifications and as specified herein.
	c. During Field Testing as specified in PART 3 of the equipment specifications and as specified herein.
	d. During Functional Testing as specified herein.

	5. Timing for the performance of these services shall be defined in the Contractor's Checkout and Testing Plan, specified herein.
	6. Provide AES services.
	7. The CM/PM will review and comment on the Contractor's deliverables, participate in the physical inspection activities, witness the shop and field testing, witness functional testing, and review the Contractor's submittals for conformance to the spe...

	B. AES Role and Responsibility
	1. The AES Role and responsibility is specified in Section 13300.

	C. City Role and Responsibility
	1. Coordinate with the CM/PM and the Contractor to provide access to filtered, chlorinated water for Testing Flows for use by the Contractor, as specified herein and in Section 01535.
	2. Test each chemical delivery.  Contractor shall schedule chemical deliveries and notify CM/PM of deliveries and provide time for the City to sample each chemical delivery.
	3. Operate and maintain existing waterworks facilities as specified in Section 01114.


	1.13 SHOP TESTING - ADMINISTRATIVE REQUIREMENTS
	A. Provide Quality Control in accordance with the requirements as specified in Section 01450.
	B. When required by the technical specifications, perform shop testing prior to delivery of the equipment or material.  Provide 30 days written notice indicating the time and place of testing.  Submit the following as part of the Equipment Checkout an...
	1. Description of the test, outlining how tests will demonstrate conformance to the requirements in the technical specifications.
	2. Devices that will be used in the tests.  Devices shall be provided with documentation of National Institute of Standards and Testing trackability.  Description shall state what portion of the test that the devices will perform or measure, and devic...
	3. Personnel used to perform the tests.  Resumes, qualifications and experience shall be submitted.
	4. Schedule for testing.  Schedule shall include frequency of measurements, personnel present, and contingency plans for equipment and/or test failure.
	5. Test forms.  Submit all forms used to record and report on Shop Test data for approval prior to the test.  Forms shall include description of test, equipment used, personnel present, equipment tag ID numbers, and measurements made.  Forms shall con...

	C. Shop test procedures will be reviewed and returned by the CM/PM within 21 days of receipt.  The Contractor shall incorporate comments on the procedures, equipment, or personnel prior to testing.  Major comments by the CM/PM will require a resubmiss...
	D. The City reserves the right to have its authorized representative(s) attend and witness any and all shop tests.  Travel, lodging, rental car, meals, and other travel related costs for the CM/PM, City personnel, and their representatives, prior to, ...
	E. Submit the following for approval within one week after completion of the tests:
	1. Completed test forms, for each device tested, on forms as approved prior to the test.
	2. Completed certification, the content of which was approved prior to the tests.
	3. A written summary of testing, reporting on the results and summarizing the entire procedure.
	4. A schedule for retesting, if necessary.  Perform any retesting required to fulfill the specified test requirements at no additional cost to the City.

	F. No equipment shall be shipped from its place of manufacture before shop test reports for that equipment are approved by the CM/PM.

	1.14 PRELIMINARY CHECKOUT AND TESTING PLAN
	A. Preliminary Checkout and Testing Plan shall be prepared by the Testing and Checkout Coordinator, and shall include the following:
	1. Name and qualifications of Testing and Checkout Coordinator.
	2. List of all Manufacturers’ Representatives, including contact, telephone and fax numbers and e-mail address.
	3. List of all tests, including: shop tests, field tests, functional tests and startup testing.
	4. Name and nomenclature of equipment to be tested, including reference to specifications section number and title, in accordance with the requirements of Section 01650.
	5. Summary of power, lighting, chemical, water, gas, etc, needs and temporary connections and identification of who will provide them and how provided.  Identify ultimate disposal of the test media.
	6. Outline specific assignment of the responsibilities of the Contractor and manufacturers' representatives, PCS, Electrical, HVAC and Plumbing Subcontractors.
	7. Detailed description of step-by-step testing requirements, with reference to standardized testing procedures and laboratory analyses by established technical organizations such as ASTM, ANSI, AWWA Standard Methods and special testing equipment and ...
	a. Description of the tests, specifically outlining how the test will demonstrate conformance to the requirements in the Technical Specifications.
	b. Testing devices that will be used in the tests.  Description shall state what portion of the tests that the devices will perform or measure, and device accuracy.  Submit sample measurement results and catalog cuts.
	c. Testing frequency of measurements, personnel present, and contingency plans for equipment and/or test failure.
	d. Test forms.  Provide test forms for recording and reporting on the Field Test data to meet the specified test requirements and submit to the CM/PM for approval, prior to the test.
	e. Material and equipment required for the test.
	f. Water and Power requirements.  Water and power requirements shall be identified in the Testing and Checkout Plan by the Contractor and shall be supplied by the City for field testing purposes.  The Contractor shall provide all temporary piping and ...
	g. Operational requirements.  Include valve positions, set-ups, gate positions, and temporary arrangements that are required to run the tests.

	8. Changes to the Functional Testing Procedures contained in Appendix C of this Section.
	9. Plan to include actual forms to be used to collect and record test data and to present tabulated test results.  Include an index which cross references the forms to their intended application(s) (Specification Section requirements).
	10. Special test requirements.
	11. Temporary or interim connections for sequencing of multiple units.
	12. Supplies and consumables required and provided by the Contractor.
	13. Chronological Schedule of Equipment Checkout and Testing utilizing the precedence diagram method ("PDM") of scheduling as specified in Section 01325, indicating schedule of each test and each precedent activity required for the activity.
	a. Include the following in the schedule for each Physical Checkout and test:

	All required submittals.
	1) Pre-requisite activities in accordance with Paragraph 1.09.
	2) Completion of ORT and Instrumentation Functional Demonstration Test.
	3) Physical Checkout.
	4) Field Testing.
	5) Functional Testing.
	b. Once work under this Section has begun, update and resubmit Schedule every two weeks to reflect changes.


	B. Checkout and Testing Plan Submittals shall be in a Microsoft Windows-based electronic format as well as submittal format required in Section 01330.

	1.15 PHYSICAL CHECKOUT AND INSPECTIONS - ADMINISTRATIVE REQUIREMENTS
	A. Through Physical Checkout and Inspections the Contractor shall provide verification of conformance to the specifications and contract drawings for physical presence; dimensions; and location, for specified materials, parts, and items; and for integ...
	B. Physical Checkout and Inspection shall include the following:
	1. Completion of Pre-requisite Activities
	2. Mechanical systems and items for installation, alignment and securing, adjustments of packing and seals, lubrication, drive connection and alignment, motor rotation, belt/chain tension, painting or surface applications, and tagging for identification.
	3. Piping systems for material, size, components, direction, alignment of joints and bolting/ welding, valves, packing and seals, screens, filters and strainers, painting, identification labeling and color coding, hangers, anchors, supports, and expan...

	C. Inspection shall verify that tanks, pipes, conduits, vessels, equipment and systems provided under the contract are clean and free from debris and construction materials.  Correct unsatisfactory, conditions prior to testing or acceptance.
	D. Complete tagging per Section 01650.
	E. Upon completion of the inspection, submit to the CM/PM six copies of each completed inspection form, Equipment Manufacturer's Certificate of Physical Checkout and Inspection included as Appendix B to this Section, these forms will be provided by th...
	F. No part of the system shall be energized prior to receipt and approval by CM/PM of the Manufacturer's Certificate of Physical Checkout and Installation.

	1.16 MINIMUM SHOP AND FIELD TESTING REQUIREMENTS
	A. The following are the minimum criteria for shop and field testing requirements.  Should these requirements conflict with the Supplier's recommendations, be less stringent than the Supplier's requirements, or less stringent than the requirements in ...
	1. Measurement of wearing ring clearances for all pumps requiring assembly, so equipped.
	a. Take a minimum of two readings opposed to each other by 90 degrees.
	b. All measured clearances shall be within Supplier's specifications for new installations.  Replace and recheck rings found to be out of round or out of specified tolerance.

	2. Measurement of impeller bore for all pumps requiring assembly.
	a. Take a minimum of two readings opposed to each other by 90 degrees.
	b. All measured clearances shall be within Supplier's specifications for new installations.  Replace and recheck impellers found to be out of round or out of specified tolerance.

	3. Measurement of shaft run out for all rotating equipment requiring assembly.
	a. Remove bearings from the shaft.  Support shaft on pedestal rollers or in a lathe.
	b. Check each shoulder on the shaft.
	c. Take a minimum of two readings for each shoulder, opposed to each other by 90 degrees.
	d. All measured clearances shall be within Supplier's specifications for new installations.  Replace and recheck shafts found to be out of round or out of specified tolerance.

	4. Vibration Measurements
	a. Provide vibrational signature testing and documentation for each piece of direct drive or close coupled rotating equipment with a motor HP of 100 or above and a rated operating speed in excess of 1500 RPM.
	b. Unless specified otherwise, the current edition of the Hydraulic Institute Standard, “Acceptable Field Vibration Limits” shall be the standard for vibrational testing.
	c. Take all specified vibrational readings in three directions: vertical, horizontal, and axial.
	d. Provide vibrational measurements in the following engineering units:
	1) Displacement in thousandths of an inch (mils), peak to peak
	2) Velocity in inches per second (ips), peak to peak.
	3) Acceleration in feet per second per second zero to peak.
	4) Spike energy in g-SE.

	e. The vibrational readings shall be less than the allowable maximum for the device rotating frequency, and within the operating band specified by the Supplier.
	f. Amplitude Allowable Maximums:

	RPM Amplitude inches peak to peak
	3,000 and above 0.001
	1,500 - 2,999 0.002
	1,000 - 1,499 0.0025
	999 and below 0.003
	5. Belt Drives
	a. All belts shall ride within the sheave and not slip to the bottom of the groove(s).
	b. Belt tension shall be in accordance with Supplier's recommendations.
	c. Pulley alignment shall be within Supplier's recommendations.
	d. All belts to be matched set or banded.

	6. Gear Drives and Reducers
	a. Check gears for lash at no less than three points around the gear.
	b. Rotate gears a full 360 degrees while checking alignment.

	7. Coupling/Shaft Alignment
	a. Perform all final alignments and checks with a dial indicator or a laser device.  Feeler gauges and straight edges are not acceptable.
	b. Eliminate soft foot conditions prior to aligning.
	c. When checking for final soft foot, any displacement in excess of 0.0020-in shall be corrected.
	d. When checking for pipe strain, any displacement in excess of 0.002-in shall require piping realignment.
	e. Alignments will not be regarded as final until the grout is set and all piping has been attached.  Demonstrate that alignment has not been changed by attachment of piping.
	f. Shim the driving element, not the driven element.
	g. Take bracket sag corrections into account when using a dial indicator.  Bracket sag shall be determined on a rigid pipe.
	h. Mount a dial indicator to the driven element so that it can be rotated.  Rotate both elements while aligning.
	i. When aligning three coupled elements, align gear reduction elements with the driven element first, then align the driver to the gear reduction element.
	j. Check all four alignments; i.e., angular alignment in the vertical and horizontal planes, and parallel alignment in the vertical and horizontal planes.
	k. The minimum acceptable alignment accuracy for flexible couplings is plus/minus 0.005-in.
	l. The dial indicator must be perpendicular to the alignment surface.
	m. Number hold down nuts prior to tightening.  Loosen in reverse order.  Tighten in ascending order.
	n. Use only clean, deburred shims.  Clean the machine base and feet from rust or burrs prior to alignment.

	8. Measurement of Noise (dB)
	a. Eliminate noise sources generated by adjacent construction activity prior to testing.
	b. Establish a background noise level prior to testing.
	c. Perform noise level testing on each installed device as required by the technical specifications.
	d. The maximum acceptable noise level exposure is 85 dBA over eight continuous hours.

	9. Instrumentation and Control
	a. The testing standards for Instrumentation and Control components are those contained in Division 13.

	10. Plumbing and HVAC Equipment
	The testing standards for these components are those contained in Division 15.
	11. Electrical Equipment
	a. The testing standards for electrical components are those contained in Division 16.



	1.17 FIELD TESTING - ADMINISTRATIVE REQUIREMENTS
	A. The Equipment Manufacturer’s Certificate of Physical Checkout and Installation shall be submitted and approved by CM/PM prior to beginning Field Testing.
	B. All equipment furnished under this Contract shall be field tested in accordance with the manufacturer’s instructions and recommendations. Additional field tests, as specified in the technical specifications, shall also be performed. The field tests...
	C. When required by the Technical Specifications, the Contractor and/or Subcontractors shall perform field testing on installed equipment.  Field Testing shall be in addition to, and not in lieu of, any shop testing either required or otherwise perfor...
	D. Field test procedures shall be reviewed and returned by the CM/PM within 30 days of receipt. Incorporate comments on the procedures, equipment, or personnel prior to testing. Major comments by the CM/PM will require a resubmission of the field test...
	E. Submit within one week after completion of the tests, the following to the CM/PM for approval:
	1. Completed test forms, for each device tested, on approved forms.
	2. Completed certification documentation, the content of which was approved prior to the tests.
	3. A written summary of testing, reporting on the results and summarizing the entire procedure, including:  Equipment Tested, tests procedures used, testing staff employed, power and chemicals used, testing results on approved test forms, and test deb...
	4. A schedule for retesting, if necessary.  Perform any retesting required to demonstrate compliance with the technical specifications at no additional cost to the City.

	F. Instrumentation Field Testing will be completed under Division 13.  The Contractor shall coordinate Field Testing completed under Division 13 with Field Testing required in this Section.
	G. Plumbing and HVAC Field Testing will be completed under Division 15.  The Contractor shall coordinate Field Testing completed under Division 15 with the Field Testing required in this Section.
	H. Electrical Field Testing will be completed under Division 16.  The Contractor shall coordinate Field Testing completed under Division 16 with the Field Testing required in this Section.

	1.18 FUNCTIONAL TESTING
	A. Functional Testing shall not begin until submittal by Contractor has successfully completed all field testing as defined herein and until all field testing forms have been complete and submitted and approved by CM/PM of Certificate of Field Testing...
	B. Functional Testing shall not begin until submittal by Contractor and approved by CM/PM of Certificate of Application Software Operational Readiness Test.
	C. When listed in Appendix C of this Section, specific functional tests shall be performed by the Contractor in addition to the requirements for shop, field, and other tests called for in the technical specifications.  Functional tests shall be perfor...
	D. The CM/PM, and the City, shall witness the performance of these tests.
	E. Submit Functional Test package to the CM/PM. Approval of the functional test package by the CM/PM will be made within two weeks of the test date. Incorporate comments on the procedures, equipment, and personnel prior to testing. Major comments by t...
	F. Submit within one week after completion of the tests, the following to the CM/PM for review:
	1. Completed test forms, for each device, or system tested, on approved forms.
	2. Completed certification, the content of which was approved prior to the tests.
	3. A written summary of testing, reporting on the results and summarizing the entire procedure, including:
	Equipment and systems tested, test procedures used, testing staff employed, power and chemicals used, testing results on approved test forms, and test debris and test waste disposal.
	4. A schedule for retesting, if necessary, including changes to procedures, testing devices, or personnel.  Any retesting required to demonstrate conformance with the specified requirements, shall be at no additional cost to the City.

	G. Classroom Training, in accordance with Section 01735 shall be conducted within 30 days of approved Functional Testing Schedule.

	1.19 CORRECTIONS TO THE WORK
	A. Correct any items of work failing to meet the specified requirements, at no additional cost to the City.  Correct the nonconforming items by re-work, modification, or replacement, to the option of the CM/PM.

	1.20 SAFETY
	A. Conduct all specified test procedures in compliance with all applicable safety standards and regulations.
	B. Contractor to maintain equipment lock-out/tag-out in accordance with the requirements in City of Houston EWPP Lockout & Tagout Procedures, and/or all applicable OSHA standards.

	1.21 MANUFACTURER'S SERVICES
	A. Manufacturer's Services shall be provided for Field Testing and Functional Testing in accordance with Section 01640 and Appendix D - Schedule of Manufacturer's Services for Field and Functional Testing, appended to this Section.


	Part 2: PRODUCTS – NOT USED
	Part 3: EXECUTION
	3.01 TECHNICAL SUPPORT
	A. The Contractor shall provide Manufacturer’s Services per requirements specified in this Section and in the Technical Sections.
	B. The Contractor shall provide services of PCSI per the requirements specified in Section 13300.
	C. The City will provide on-site AES programming staff for each scheduled day of Functional Testing.

	APPENDICES
	APPENDIX A – CONTENTS
	A-1 General Testing Flow Schematic
	A-2 Testing Coordination Schedule
	APPENDIX B – FORMS
	B-1 Equipment Manufacturer's Certificate of Physical Checkout and Installation
	B-3 Certificate of Field Testing
	B-4 Certificate of Functional Testing
	APPENDIX C – FUNCTIONAL TESTING PROCEDURES INDEX

	APPENDIX D – SCHEDULE OF MANUFACTURER'S SERVICES FOR FIELD AND FUNCTIONAL TESTING
	Remove all construction debris from around pumps and from pipe lines to be used.
	Flush all pipelines
	Jog motor to check pump rotation.
	Determine fluid source and discharge points and open all valves as necessary.
	Ensure all pump and motor bearings, speed reducers, gear boxes, etc., have been properly lubricated.  Replace storage oils with normal running oils as appropriate.
	Visually inspect installation.
	Prime pump (unless priming not required).
	APPENDIX D
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	3. Coordinate work and schedules. Notify Project Manger at least 48
	Hours before shutdowns or bypasses are required.
	END OF SECTION
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	TESTING CONCRETE STRUCTURES FOR WATERTIGHTNESS
	Part 1: GENERAL
	1.01 DESCRIPTION
	A. General:
	1. Furnish all labor, materials, tools, equipment, and services, for all testing of concrete structures for watertightness, in accord with provisions of Contract Documents.
	a. Test all structures to contain liquids, including secondary containment, unless specifically exempted herein.

	2. Completely coordinate with work of all other trades.
	3. Although such work is not specifically indicated, furnish and install all supplementary or miscellaneous items, appurtenances and devices incidental to or necessary for a sound, secure and complete leak test.

	B. Source of water for watertightness testing:
	1. Coordinate use of water for filling basins with Owner.
	2. The source of water will be Plant Utility Water.
	3. The cost of providing water will be paid by the Owner.
	a. The cost of additional water due to retesting will be paid by the Contractor.


	C. Related Sections include but are not necessarily limited to:
	1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 - General Requirements.
	3. Division 3 - Concrete.


	1.02 QUALITY ASSURANCE
	A. Reference Standards:
	1. American Concrete Institute (ACI):
	a. 350.1, Tightness Testing of Environmental Engineering Concrete Structures & Commentary.


	B. Testing:
	1. Provide watertightness testing for the following structures in accordance with the indicated criteria:
	a. Where no elevation is given for "WATER ELEVATION AT COMMENCEMENT OF TEST PERIOD" use the normal operating water elevation for the indicated structure.


	C. Perform a watertightness test as required by Engineer on any additional structure when in the opinion of the Engineer the structure contains sufficient concrete defects that could impair the watertightness of the structure.
	1. Testing to conform to requirements of this Section with allowable leakage and other criteria as established by Engineer.
	2. Pay for all costs resulting from this additional testing.

	D. Comply with all requirements of ACI 350.1 unless otherwise modified herein.

	1.03 SUBMITTALS
	A. Shop Drawings:
	1. See Section 01340.
	2. Watertightness testing plan:
	a. Plan shall include:
	1) Scheduling for testing.
	2) Description of testing apparatus for measuring water level in structure and evaporation pan.
	a) Include Drawings (plans, sections and details) as appropriate to fully describe apparatus.

	3) Location plan showing measurement location and evaporation pan location.
	4) Procedures for isolation of tank or compartments to assure a constant volume during testing.
	5) Narrative describing testing procedure.
	6) Calculations showing:
	a) Total structure volume at water elevation for commencement of test period.
	b) Maximum water leakage allowed.
	c) Test period (See ACI 350.1).

	7) Plan shall be in accordance with ACI 350.1, Chapters 1 and 2.


	3. If structure has running water leaks or fails watertightness test, submit repairing and patching plan.
	a. Include with plan:
	1) Location and areas of leaks.
	2) Repair material and procedures proposed for repair.
	3) Photographs of all visible leaks and damp areas.  Include distant photos and close-ups to document conditions.



	B. Miscellaneous Submittals:
	1. Results of watertightness testing indicating the following:
	a. Level of water in structure and in evaporation pan and water temperature at commencement of test period.
	b. Level of water in structure and in evaporation pan and water temperature at end of test period.
	c. Net leakage in percent of total volume during test period (gross leakage minus that due to evaporation).
	d. Results of retesting required due to leakage exceeding percentages allowed.




	Area 21 - North Lime Storage and Transfer Facility  
	0.xxx%
	Area 26- South Lime Storage and Transfer Facility  
	0.xxx%
	Part 2: PRODUCTS
	2.01 MATERIALS
	A. Water for Testing:  See ACI 350.1
	1. Wastewater plant: Raw or  treated effluent water.
	2. Water treatment: Potable water.
	3. Coordinate delivery of water for testing with Owner.

	B. Any patching or repair materials that may come into contact with potable water in tanks shall be approved for drinking water per NSF, UL, USDA, or WQA.


	Part 3: EXECUTION
	3.01 PREPARATION BEFORE TESTING
	A. General.
	1. Verify the specified 28-day concrete strength has been achieved prior to testing.
	2. Testing to be performed prior to placement of exterior backfill soil.
	a. Contractor is responsible for phasing construction to minimize the impact of leak testing.

	3. Contractor to furnish all necessary materials (such as flange cover plates).
	4. Testing to be performed prior to application of specified waterproofing cementious finishing product.
	5. Prepare for test per ACI 350.1 and as required in the specification section.

	B. Cleaning:
	1. Thoroughly clean interior of structure to be tested of all debris and dirt and hose down surfaces of all walls and slabs.

	C. Patching and finishing:
	1. Prepare concrete surfaces in accordance with ACI 350.1.
	a. Review tank for areas of potential leakage before filling for testing for leakage.



	3.02 TESTING FOR LEAKAGE
	A. Test for leakage in accordance with ACI 350.1, latest edition, Chapters 1 and 2, and this Specification.
	1. Isolate sections of structures that can be isolated during operation.  Test section separately.
	2. Allow Owner's Representative to witness testing for watertightness and review accompanying results.

	B. Place evaporation pan in an easily accessible location.
	C. Record level of water in structure and evaporation pan and water temperature at commencement of the test period.
	D. During testing period, inspect structure for areas indicating leakage.
	1. Any areas evidencing running water to be repaired and patched.
	2. Patching or repair of leaks as defined above shall be completed independent of the watertighness test.
	a. Passing watertightness test does not relieve Contractor from repairing running water leaks.


	E. Record level of water surface in the structure and evaporation pan and temperature every 24 HRS until end of test period.
	1. Test periods defined per ACI 350.1.

	F. If leakage is greater than that allowed, repair and patch areas suspected of causing the leakage.
	1. Re-test structure using the same procedure until leakage is equal to or less than that allowed.
	2. Provide repair plan to Engineer for approval prior to repair of tank.
	3. Cracks suspected to cause leakage to be filled with epoxy adhesive.
	4. Patching to be performed after defective concrete area is cleaned of all loose material to surface of sound concrete.
	5. Prior to patching activities, Contractor to submit patching materials and procedures for review and approval by Engineer.

	G. Dispose of water used for testing.
	1. Dispose of water used for testing to an area which will not damage new or existing construction and will not interfere with construction operations or plant operations.
	2. Provide hoses, temporary connections, temporary fittings and other conduits as necessary to dispose of test water without damage to structure or terrain.
	3. Point of disposal to be approved by Engineer.


	3.03 PAYMENT
	A. Contractor to pay all costs required for testing,  retesting, patching, repair and work required to provide access for repair as required to meet watertightness requirements specified or indicated.
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	WARRANTIES AND BOND
	Part 1: GENERAL
	1.01 SECTION INCLUDES
	A. This section specifies general administrative and procedural requirements for warranties and bonds required by the Contract Documents, including manufacturer’s standard warranties on products and special warranties.
	B. The Contractor shall provide the Owner with a 1-year 10% maintenance bond for work associated with this project unless otherwise specified in the individual Sections of Division 02 through 16.

	1.02 RELATED WORK
	A. Refer to Conditions of Contract for the general requirements relating to warranties and bonds.
	B. General closeout requirements are included in Section 01770.
	C. Certifications and other commitments and agreements for continuing services to Owner are specified elsewhere in the Contract Documents.

	1.03 SUBMITTALS
	A. Submit written warranties to the Owner prior to Substantial Completion. If the certificate of substantial completion designates a commencement date for warranties other than the date of substantial completion for the work or a designated portion of...
	B. When a designated portion of the Work is completed and occupied or used by the owner, by separate agreement with the Contractor during the construction period, submit properly executed warranties to the Owner within 15 days of completion of that de...
	C. Refer to individual Sections of Divisions 02 through 16  for specific content requirements and particular requirements for submittal of special warranties. When a special warranty is required to be executed by the Contractor or the Contractor and a...
	D. At final completion, compile two copies of each required warranty and bond properly executed by the Contractor, subcontractor, supplier, or manufacturer. Organize the warranty documents into an orderly sequence based on the table of contents of the...
	E. Bind warranties and bonds in heavy duty, commercial quality, expanding post binders by Keysan, Sprintpost binders by Itoya or equal. Thickness shall be as necessary to accommodate contents and sized to receive 8-1/2in by 11-in paper.
	F. Table of Contents:  Neatly typed, in the sequence of the Table of Contents of the Project Manual, with each item identified with the number and title of the specification Section in which specified and the name of the product or work item.
	G. Provide heavy paper dividers with celluloid covered tabs for each separate warranty. Mark the tab to identify the product or installation. Provide ta typed description of the product or installation, including the name of the product and the name, ...
	H. Identify each binder on the front and spine with the typed or printed title “WARRANTIES AND BONDS”, the project title or name and the name, address and telephone of the Contractor.
	I. When operating and maintenance manuals are required for warranted construction, provide additional copies of each required warranty, as necessary for inclusion in each required manual.
	J. Schedule of Special Warranties.

	1.04 WARRANTY REQUIREMENT
	A. Related damages and losses: When correcting warranted Work that has failed, remove and replace other Work that has been damaged as result of such frailure or that must be removed to provide access for correction of warranted Work.
	B. Reinstatement of Warranty: When Work covered by a warranty has failed and been corrected by replacement or rebuilding, reinstate the warranty by written endorsement. The reinstated warranty shall be equal to the original warranty with an equitable ...
	C. Replacement Cost: Upon determination that work covered by warranty has failed, replace or rebuild the work to an acceptable condition complying with requirements of contract documents. The contractor is responsible for the cost of replacing or rebu...
	D.  Owner’s Recourse: Written warranties made to the Owner are in addition to implied warranties, and shall not limit the duties, obligations rights and remedies otherwise available under the law, nor shall warranty periods be interpreted as limitatio...
	E. Rejection of Warranties: The owner reserves the right to reject warranties and to limit selections to products with warranties not in conflict with requirements of the Contract documents.
	F. The owner reserves the right to refuse to accept Work for the project where a special warranty, certification, or similar commitment is required on such Work or part of the Work, until evidence is presented entities required to countersign such com...
	G. Disclaimers and Limitations: Manufacturer’s disclaimers and limitations on product warranties do not relieve the Contractor of the warranty on the Work that incorporates the products, nor does it relieve suppliers, manufacturers and subcontractors ...

	1.05 DEFINITIONS
	A. Standard Product Warranties are preprinted written warranties published by individual manufacturers for particular products and are specifically endorsed by the manufacturer to the Owner.
	B. Special Warranties are written warranties required by or incorporated in the Contract Documents, either to extend time limits provided by standard warranties or to provide greater rights for the Owner.
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	OPENINGS AND PENETRATIONS IN CONSTRUCTION
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Methods of installing and sealing openings and penetrations in construction.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 01 - General Requirements.
	3. Section 07900 - Joint Sealants.
	4. Section 09905 - Painting and Protective Coatings.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Concrete Institute (ACI):
	a. 318, Building Code Requirements for Structural Concrete.

	2. ASTM International (ASTM):
	a. A36, Standard Specification for Carbon Structural Steel.
	b. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless.

	3. National Fire Protection Association (NFPA):
	a. 70, National Electrical Code (NEC):
	1) Article 501, Class 1 Locations.

	b. 90A, Standard for Installation of Air Conditioning and Ventilating Systems.

	4. Sheet Metal and Air Conditioning Contractors' National Association (SMACNA).

	B. Assure all firestopping materials are in full compliance with Division 7.
	C. Obtain prior approval from Engineer when any opening larger than 100 SQ IN must be made in existing or newly completed construction.

	1.03 DEFINITIONS
	A. Hazardous Areas:  Areas shown in the Contract Documents as having Class I or Class II area classifications.
	B. Washdown Areas:  Areas having floor drains or hose bibs.
	C. Chemical Containment Areas: Areas used as secondary containment housing chemical storage tanks and pumping equipment.

	1.04 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01340 for requirements for the mechanics and administration of the submittal process.
	2. For each structure provide dimensioned or scaled (minimum 1/8 IN = 1 FT) plan view drawings containing the following information:
	a. Vertical and horizontal location of all required openings and penetrations.
	b. Size of all openings and penetrations.
	c. Opening type.
	d. Seal type.

	3. Manufacturer's installation instructions for standard manufactured products.



	Part 2: PRODUCTS
	2.01 MATERIALS
	A. Pipe Sleeves:  Steel, ASTM A53, Schedule 40, black.
	B. Pipe Sleeves Penetrating into Corrosive Areas:  Type 316 stainless steel, 1/4 IN minimum thickness.
	C. Backing Rod and Sealant:  See Specification Section 07900.
	D. Modular Mechanical Seals:
	1. Acceptable manufacturers:
	a. Link-Seal.

	2. 316 stainless steel bolts, nuts and washers.

	E. Firestopping Material:  See Specification Section 07840.
	F. Sheet Metal Sleeves:  Steel, ASTM A36, 12 GA.
	G. Commercial Wall Castings:
	1. For unclassified areas both sides of penetration:
	a. Ductile iron, class equal to connecting piping system.

	2. For wet/corrosive areas either side of penetration:
	a. Stainless steel, 304L.




	Part 3: EXECUTION
	3.01 INSTALLATION AND APPLICATION
	A. Perform HVAC penetrations in accordance with NFPA 90A.
	B. Perform electrical penetrations in accordance with NFPA 70, Article 501.
	C. Install sleeves and castings in accordance with ACI 318, Chapter #6.
	D. Hot dip galvanize in accordance with Specification Section 05505 (or paint in accordance with Specification Section 09905) all steel sleeves installed.
	E. When mechanical or electrical work cannot be installed as structure is being erected, provide and arrange for building-in of boxes, sleeves, insets, fixtures or devices necessary to permit installation later.
	1. Lay out chases, holes or other openings which must be provided in masonry, concrete or other work.

	F. Where pipes, conduits or ducts pass through floors in washdown areas, install sleeves with top 3 IN above finish floors.
	1. In non-washdown areas, install sleeves with ends flush with finished surfaces.

	G. Size sleeves, blockouts and cutouts which will receive sealant seal such that free area to receive sealant is minimized and seal integrity may be obtained.
	H. For insulated piping and ducts, size sleeves, blockouts and cutouts large enough to accommodate full thickness of insulation.
	I. Do not cut into or core drill any beams, joists, or columns.
	J. Do not install sleeves in beams, joists, or columns.
	K. Do not install recesses in beams, joists, columns, or slabs.
	L. Field Cutting and Coring:
	1. Saw or core drill with non-impact type equipment.
	2. Mark opening and drill small 3/4 IN or less holes through structure following opening outline.
	3. Sawcut opening outline on both surfaces.
	a. Knock out within sawcuts using impact type equipment.
	b. Do not chip or spall face of surface to remain intact.
	c. Do not allow any overcut with saw kerf.


	M. Precast-Prestressed Concrete Construction:
	1. Do not cut openings nor core drill vertically or horizontally through stems of members.
	2. Do not locate or install sleeves or recess sleeves vertically or horizontally through or in stems of members.
	3. Cast openings and sleeves into flanges of units.
	4. Cast openings larger than 6 IN in diameter or 6 IN maximum dimension in units at time of manufacture.
	5. Cast openings smaller than 6 IN in diameter or 6 IN maximum dimensions in flanges of units at time of manufacture or field cut.

	N. Where alterations are necessary or where new and old work join, restore adjacent surfaces to their condition existing prior to start of work.
	O. Provide waterstop plate/anchor flange for piping, ducts, castings and sleeves cast-in-place in concrete.
	1. For fabricated units, weld plate to sleeve, pipe, or ductwork.
	2. For commercial castings, cast water stop/anchor with wall pipe.
	3. Plate is to be same thickness as sleeve, pipe, casting or ductwork.
	4. For fabricated units, diameter of plate or flange to be 4 IN larger than outside diameter of sleeve, pipe or ductwork.
	5. For commercial castings, waterstop/anchor size to be manufacturer standard.
	6. Provide continuous around entire circumference of sleeve, pipe, or ductwork.

	P. Where area is blocked out to receive sheet metal sleeve at later date:
	1. If blockout size is sufficient to allow placement, utilize dowels for interface of initially placed concrete and sleeve encasement concrete which is placed later.
	a. Size blockout based on sleeve size required plus 4 to 6 IN each side of sleeve for concrete encasement.
	b. Provide #4 dowels at 12 IN spacing along each side of blockout with minimum of two (2) dowels required per side.

	2. If blockout size is not sufficient to allow placement of dowels, provide keyway along all sides of blockout.
	a. Size blockout based on sleeve size required plus 2 to 4 IN each side of sleeve for concrete encasement.


	Q. For interior wall applications where backer rod and sealant are specified, provide backer rod and sealant at each side of wall.
	R. Refer to Drawings for location of fire-rated walls, floors, and ceilings.
	1. Utilize firestopping materials and procedures specified in Specification Section 07840 in conjunction with scheduled opening type to produce the required fire rating.

	S. Use full depth expanding foam sealant for seal applications where single or multiple pipes, conduits, etc., pass through a single sleeve.
	T. Do not make duct or conduit penetrations below high water levels when entering or leaving tankage, wet wells, chemical containment areas, or other water or liquid holding structures unless noted specifically on the Drawings.
	U. Modular Mechanical Seals:
	1. Utilize one (1) seal for concrete thickness less than 8 IN and two (2) seals for concrete, 8 IN thick or greater.
	2. Utilize two (2) seals for piping 16 IN diameter and larger if concrete thickness permits.
	3. Install seals such that bolt heads are located on the most accessible side of the penetration.

	V. Backer Rod and Sealant:
	1. Install in accordance with Specification Section 07900.
	2. Provide backer rod and sealant for modular mechanical seal applications.
	a. Apply on top side of slab penetrations and on interior, dry side wall penetrations.



	3.02 SCHEDULES
	A. General Schedule of Penetrations through Floors, Roofs, Foundation Base Slabs, Foundation Walls, Foundation Footings, Partitions and Walls for Ductwork, Piping, and Conduit:
	1. Provide the following opening and penetration types:
	a. Type A - Block out 2 IN larger than outside dimensions of duct, pipe, or conduits.
	b. Type B - Saw cut or line-drill opening.  Place new concrete with integrally cast sheet metal or pipe sleeve.
	c. Type C - Fabricated sheet metal sleeve or pipe sleeve cast-in-place.  Provide pipe sleeve with water ring for wet and/or washdown areas.
	d. Type D - Commercial type casting or fabrication.
	e. Type E - Saw cut or line-drill opening.  Place new concrete with integrally cast pipe, duct or conduit spools.
	f. Type F - Integrally cast pipe, duct or conduit.
	g. Type G - Saw cut or line-drill and remove area 1 IN larger than outside dimensions of duct, pipe or conduit.
	h. Type H - Core drill.
	i. Type I - Block out area.  At later date, place new concrete with integrally cast sheet metal or pipe sleeve.

	2. Provide seals of material and method described as follows.
	a. Category 1 - Modular Mechanical Seal.
	b. Category 2 - Roof curb and flashing according to SMACNA specifications unless otherwise noted on Drawings.  Refer to Specification Section 07600 and roofing Specification Sections for additional requirements.
	c. Category 3 - 12 GA sheet metal drip sleeve set in bed of silicon sealant with backing rod and sealant used in sleeve annullus.
	d. Category 4 - Backer rod and sealant.
	e. Category 5 - Full depth compressible sealant with escutcheons on both sides of opening.
	f. Category 6 - Full depth compressible sealant and flanges on both sides of opening.  Flanges constructed of same material as duct, fastened to duct and minimum 1/2 IN larger than opening.
	g. Category 7 - Full depth compressible sealant and finish sealant or full depth expanding foam sealant depending on application.

	3. Furnish openings and sealing materials through new floors, roofs, partitions and walls in accordance with Schedule A, Openings and Penetrations for New Construction.
	4. Furnish openings and sealing materials through existing floors, roofs, partitions and walls in accordance with Schedule B, Openings and Penetrations for Existing Construction.
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	EXCAVATION AND BACKFILL FOR STRUCTURES
	Part 1: G E N E R A L
	1.01 SECTION INCLUDES
	A. Excavation, backfilling, and compaction of backfill for structures.

	1.02 MEASUREMENT AND PAYMENT
	A. Unit Prices.
	1. No payment will be made for structural excavation and backfill under this Section. Include payment in unit price or lump sum for construction of structures.
	2. Refer to Section 01270 - Measurement and Payment for unit price procedures.

	B. Stipulated Price (Lump Sum). If Contract is Stipulated Price Contract, payment for work in this Section is included in total Stipulated Price.

	1.03 DEFINITIONS
	A. Unsuitable Material: Unsuitable soil materials are the following:
	1. Materials that are classified as ML, CL-ML, MH, PT, OH, and OL according to ASTM D 2487.
	2. Materials that cannot be compacted to required density due to gradation, plasticity, or moisture content.
	3. Materials that contain large clods, aggregates, stones greater than 4 inches in any dimension, debris, vegetation, waste or any other deleterious materials.
	4. Materials that are contaminated with hydrocarbons or other chemical contaminants.

	B. Suitable Material: Suitable soil materials are those meeting specification requirements. Unsuitable soils meeting specification requirements for suitable soils after treatment with lime or cement shall be considered suitable, unless otherwise indic...
	C. Select Material: Material as defined in Section 02320 - Utility Backfill Materials.
	D. Backfill:  Material meeting specified quality requirements, placed and compacted under controlled conditions around structures.
	E. Foundation Backfill Materials: Natural soil or manufactured aggregate meeting Class I requirements and geotextile filter fabrics as required, to control drainage and material separation. Foundation backfill material is placed and compacted as backf...
	F. Foundation Base: For foundation base material, use crushed stone aggregate with filter fabric as required, cement stabilized sand, or concrete seal slab. Foundation base provides smooth, level working surface for construction of concrete foundation.
	G. Foundation Subgrade: Foundation subgrade is surface of natural soil which has been excavated and prepared to support foundation base or foundation backfill, where needed.
	H. Ground Water Control Systems: Installations external to excavation such as well points, eductors, or deep wells. Ground water control includes dewatering to lower ground water, intercepting seepage which would  otherwise emerge from side or bottom ...
	I. Surface Water Control: Diversion and drainage of surface water runoff and rain water away from excavation. Remove rain water and surface water which accidentally enters excavation as part of excavation drainage.
	J. Excavation Drainage: Removal of surface and seepage water in excavation by sump pumping and using French drains surrounding foundation to intercept water.
	K. Over-Excavation and Backfill: Excavation of subgrade soils with unsatisfactory bearing capacity or composed of otherwise unsuitable materials below foundation as shown on Drawings, and backfilled with foundation backfill material.
	L. Shoring System: Structure that supports sides of an excavation to maintain stable soil conditions and prevent cave-ins.

	1.04 REFERENCES
	A. ASTM D 698 - Standard Test Methods for Laboratory Compaction of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600kN-m/m3)).
	B. ASTM D 1556 - Standard Test Method for Density of Soil in Place by Sand-Cone Method.
	C. ASTM D 2922 - Standard Test Methods for Density of Soil and Rock in Place by Nuclear Methods (Shallow Depth).
	D. ASTM D 3017 - Standard Test Method for Water Content of Soil and Soil-Aggregate in Place by Nuclear Methods (Shallow Depths).
	E. ASTM D 4318 - Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils.
	F. TxDOT Tex-101-E - Preparing Soil and Flexible Base Materials for Testing.
	G. TxDOT Tex-110-E - Particle Size Analysis of Soils.
	H. Federal Regulations, 29 CFR, Part 1926, Standards – Excavation, Occupational Safety and Health Administration (OSHA).

	1.05 SUBMITTALS
	A. Conform to requirements of Section 01330 - Submittal Procedures.
	B. Submit work plan for excavation and backfill for each structure with complete written description which identifies details of proposed method of construction and sequence of operations for construction relative to excavation and backfill activities...
	C. Submit excavation safety system plan.
	1. Submit excavation safety system plan in accordance with applicable OSHA requirements for excavations.
	2. Submit excavation safety system plan in accordance with requirements of Section 02260 - Trench Safety System, for excavations that fall under State and Federal trench safety laws.

	D. Submit ground and surface water control plan in accordance with requirements in this Section and Section 01578 - Control of Ground Water and Surface Water.
	E. Submit backfill material sources and product quality information in accordance with requirements of Section 02320 - Utility Backfill Materials.
	F. Submit project record documents under provisions of Section 01785 - Project Record Documents. Record location of utilities, as installed, referenced to survey benchmarks. Include location of utilities encountered or rerouted. Give horizontal dimens...

	1.06 TESTS
	A. Testing and analysis of backfill materials for soil classification and compaction during construction will be performed by an independent laboratory provided by City in accordance with requirements of Section 01454 - Testing Laboratory Services and...
	B. Perform embedment and backfill material source qualification testing in accordance with requirements of Section 02320- Utility Backfill Materials.


	Part 2: P R O D U C T S
	2.01 EQUIPMENT
	A. Perform excavation with equipment suitable for achieving requirements of this Specification.
	B. Use equipment which will produce degree of compaction specified. Compact backfill within 3 feet of walls with hand operated equipment. Do not use equipment weighing more than 10,000 pounds closer to walls than a horizontal distance equal to depth o...

	2.02 MATERIAL CLASSIFICATIONS
	A. Use backfill materials conforming to classifications and product descriptions of Section 02320 - Utility Backfill Materials. Use classification or product description for backfill applications as shown on Drawings and as specified.


	Part 3: E X E C U T I O N
	3.01 PREPARATION
	A. Conduct an inspection to determine condition of existing structures and other permanent installations.
	B. Set up necessary street detours and barricades in preparation for excavation if construction will affect traffic. Conform to requirements of Section 01555 - Traffic Control and Regulation. Maintain barricades and warning devices at all times for st...
	C. Perform work in accordance with OSHA standards. Employ an excavation safety system as specified in Section 02260 - Trench Safety Systems.
	D. Remove existing pavements and structures, including sidewalks and driveways, in accordance with requirements of Section 02221 - Removing Existing Pavements and Structures.
	E. Install and operate necessary dewatering and surface water control measures in accordance with requirements of Section 01578 - Control of Ground Water and Surface Water.

	3.02 PROTECTION
	A. Protect trees, shrubs, lawns, existing structures, and other permanent objects outside of grading limits and within grading limits as designated on Drawings, and in accordance with requirements of Section 01562 - Tree and Plant Protection.
	B. Protect and support above-grade and below-grade utilities which are to remain.
	C. Restore damaged permanent facilities to pre-construction conditions unless replacement or abandonment of facilities is indicated on Drawings.
	D. Prevent erosion of excavations and backfill. Do not allow water to pond in excavations.
	E. Maintain excavation and backfill areas until start of subsequent work. Repair and recompact slides, washouts, settlements, or areas with loss of density at no additional cost to City.

	3.03 EXCAVATION
	A. Perform excavation work so that underground structure can be installed to depths and alignments shown on Drawings. Use caution during excavation work to avoid disturbing surrounding ground and existing facilities and improvements. Keep excavation t...
	B. Upon discovery of unknown utilities, badly deteriorated utilities not designated for removal, or concealed conditions, discontinue work at that location. Notify Project Manager and obtain instructions before proceeding in such areas.
	C. Immediately notify agency or company owning any line which is damaged, broken or disturbed. Obtain approval from Project Manager and agency for any repairs or relocations, either temporary or permanent.
	D. Avoid settlement of surrounding soil due to equipment operations, excavation procedures, vibration, dewatering, or other construction methods.
	E. Provide surface drainage during construction to protect work and to avoid nuisance to adjoining property. Where required, provide proper dewatering and piezometric pressure control during construction.
	F. Conduct hauling operations so that trucks and other vehicles do not create dirt nuisance in streets. Verify that truck beds are sufficiently tight and loaded in such a manner such that objectionable materials will not spill onto streets. Promptly c...
	G. Maintain permanent benchmarks, monumentation, and other reference points. Unless otherwise directed, replace those which are damaged or destroyed by Work.
	H. Provide sheeting, shoring, and bracing where required to safely complete Work, to prevent excavation from extending beyond limits indicated on Drawings, and to protect Work and adjacent structures or improvements. Use sheeting, shoring, and bracing...
	I. Prevent voids from forming outside of sheeting. Immediately fill voids with grout, cement stabilized sand, or other material approved by Project Manager and compact to 95 percent standard density.
	J. After completion of structure, remove sheeting, shoring, and bracing unless shown on Drawings to remain in place or directed by Project Manager in writing that such temporary structures may remain. Remove sheeting, shoring and bracing in such a man...
	K. Immediately fill and compact voids left or caused by removal of sheeting with cement stabilized sand or other material approved by Project Manager and compact to 95 percent standard density.

	3.04 HANDLING EXCAVATED MATERIALS
	A. Classify excavated materials. Place material which is suitable for use as backfill in orderly piles at sufficient distance from excavation to prevent slides or cave-ins.
	B. Provide additional backfill material in accordance with requirements of Section 02319 - Borrow, if adequate quantities of suitable material are not available from excavation and trenching operations at site.

	3.05 DEWATERING
	A. Provide ground water control per Section 01578 – Control of Ground Water and Surface Water.
	B. Keep ground water surface elevation minimum of 2 feet below bottom of foundation base.
	C. Maintain ground water control as directed by Section 01578 – Control of Ground Water and Surface Water and until structure is sufficiently complete to provide required weight to resist hydrostatic uplift with minimum safety factor of 1.2.

	3.06 FOUNDATION EXCAVATION
	A. Notify Project Manager at least 48 hours prior to planned completion of foundation excavations. Do not place foundation base until excavation is accepted by Project Manager.
	B. Excavate to elevations shown on Drawings, as needed  to provide space for foundation base, forming level undisturbed surface, free of mud or soft material. Remove pockets of soft or otherwise unstable soils and replace with foundation backfill mate...
	C. Fill unauthorized excessive excavation with foundation backfill material or other material as directed by Project Manager.
	D. Protect open excavations from rainfall, runoff, freezing groundwater, or excessive drying so as to maintain foundation subgrade in satisfactory, undisturbed condition. Keep excavations free of standing water and completely free of water during conc...
	E. Remove soils which become unsuitable due to inadequate dewatering or other causes, after initial excavation to required subgrade, and replace with foundation backfill material, as directed by Project Manager, at no additional cost to City.
	F. Place foundation base, or foundation backfill material where needed, over subgrade on same day that excavation is completed to final grade. Where base of excavations are left open for longer periods, protect them with seal slab or cement-stabilized...
	G. Use filter fabric as specified in Section 02621 - Geotextile to separate crushed aggregate, and other free draining Class I materials from native soils or select material backfill. Overlap fabric minimum of 12 inches beyond where another material s...
	H. Place crushed aggregate, and other Class I materials, in uniform layers of 8-inch maximum thickness. Perform compaction by means of at least two passes of vibratory compactor.

	3.07 FOUNDATION BASE
	A. Place foundation base after subgrade is properly prepared, including placement of foundation backfill where needed. Use foundation base consisting of 12-inch layer of crushed stone aggregate or cement stabilized sand. Alternately, seal slab with mi...
	B. Where foundation base and foundation backfill are of same material, both can be placed in one operation.

	3.08 BACKFILL
	A. Complete backfill to surface of natural ground or to lines and grades shown on Drawings. Remove forms, lumber, trash and debris from structures. Deposit backfill in uniform layers and compact each layer as specified.
	1. Unless otherwise shown on Drawings, for structures under pavement or within one foot back of curb, use cement stabilized sand up to the top of the proposed structure. Use suitable on-site material (random backfill) up to 12 inches below pavement ba...
	2. Unless otherwise shown on Drawings, for structures not under pavement, use random backfill of suitable material up to the surface.

	B. Do not place backfill against concrete walls or similar structures until laboratory test breaks indicate that concrete has reached minimum of 85 percent of specified compressive strength. Where walls are supported by slabs or intermediate walls, do...
	C. Remove concrete forms before starting backfill and remove shoring and bracing as work progresses.
	D. Maintain backfill material more than 2 percent above optimum moisture content, unless otherwise approved by Project Manager. Place fill material in uniform 8-inch maximum loose layers. Compact fill to at least 95 percent of maximum Standard Proctor...
	E. Where backfill is placed against sloped excavation surface, run compaction equipment across boundary of cut slope and backfill to form compacted slope surface for placement of next layer of backfill.
	F. Place backfill using cement stabilized sand in accordance with Section 02321 – Cement Stabilized Sand.

	3.09 FIELD QUALITY CONTROL
	A. Testing will be performed under provisions of Section 01454 - Testing Laboratory Services.
	B. Tests will be performed initially on minimum of one different sample of each material type for plasticity characteristics, in accordance with ASTM D 4318, and for gradation characteristics, in accordance with Tex-101-E and Tex-110-E. Additional cla...
	C. In-place density tests of compacted subgrade and backfill will be performed according to ASTM D 1556, or ASTM D 2922 and ASTM D 3017, and at following frequencies and conditions:
	1. Minimum of one test for every 50 to 100 cubic yards of compacted backfill material as directed by Project Manager.
	2. A minimum of three density tests for each full work shift.
	3. Density tests will be performed in all placement areas.
	4. Number of tests will be increased when inspection determines that soil types or moisture contents are not uniform or when compacting effort is variable and not considered sufficient to attain uniform density.
	5. Identify elevation of test with respect to natural ground.
	6. Record approximate depth of lift tested.

	D. At least one test for moisture-density relationships will be initially performed for each type of backfill material in accordance with ASTM D 698. Perform additional moisture-density relationship test once a month or whenever there is noticeable ch...
	E. When tests indicate work does not meet specified compaction requirements, recondition, recompact, and retest at Contractor's expense.

	3.10 DISPOSAL OF EXCESS MATERIAL
	A. Dispose of excess materials in accordance with requirements of Section 01576 – Waste Material Disposal.



	02320
	UTILITY BACKFILL MATERIALS
	Part 1: G E N E R A L
	1.01 SECTION INCLUDES
	A. Material CLASSIFICATIONS
	B. Utility Backfill Materials:
	1. Concrete sand.
	2. Gem sand.
	3. Pea gravel.
	4. Crushed stone.
	5. Crushed concrete.
	6. Bank run sand.
	7. Select backfill.
	8. Random backfill.
	9. Cement stabilized sand.

	C. Material Handling and Quality Control Requirements.

	1.02 MEASUREMENT AND PAYMENT
	A. Unit Prices.
	1. No payment will be made for backfill material. Include payment in unit price for applicable utility installation.
	2. Payment for backfill material, when included as separate pay item or when directed by Project Manager, is on cubic yard basis for material placed and compacted within theoretical trench width limits and thickness of material according to Drawings, ...
	3. Payment for backfill of authorized over-excavation is in accordance with Section 02318 - Extra Unit Price Work for Excavation and Backfill.
	4. Refer to Section 01270 - Measurement and Payment for unit price procedures.

	B. Stipulated Price (Lump Sum). If Contract is Stipulated Price Contract, payment for work in this Section is included in total Stipulated Price.

	1.03 DEFINITIONS
	A. Unsuitable Material:
	1. Materials classified as ML, CL-ML, MH, PT, OH, and OL according to ASTM D 2487.
	2. Materials that cannot be compacted to required density due to gradation, plasticity, or moisture content.
	3. Materials containing large clods, aggregates, or stones greater than 4 inches in any dimension; debris, vegetation, or waste; or any other deleterious materials.
	4. Materials contaminated with hydrocarbons or other chemical contaminants.

	B. Suitable Material:
	1. Materials meeting specification requirements.
	2. Unsuitable materials meeting specification requirements for suitable soils after treatment with lime or cement.

	C. Foundation Backfill Materials: Natural soil or manufactured aggregate meeting Class I requirements and geotextile filter fabrics as required, to control drainage and material separation. Foundation backfill material is placed and compacted as backf...
	D. Foundation Base: Crushed stone aggregate with filter fabric as required, cement stabilized sand, or concrete seal slab. Foundation base provides smooth, level working surface for construction of concrete foundation.
	E. Backfill Material: Classified soil material meeting specified quality requirements for designated application as embedment or trench zone backfill.
	F. Embedment Material: Soil material placed under controlled conditions within embedment zone extending vertically upward from top of foundation to an elevation 12 inches above top of pipe, and including pipe bedding, haunching and initial backfill.
	G. Trench Zone Backfill: Classified soil material meeting specified quality requirements and placed under controlled conditions in trench zone from top of embedment zone to base course in paved areas or to surface grading material in unpaved areas.
	H. Foundation: Either suitable soil of trench bottom or material placed as backfill of over- excavation for removal and replacement of unsuitable or otherwise unstable soils.
	I. Source: Source selected by Contractor for supply of embedment or trench zone backfill material. Selected source may be project excavation, off-site borrow pits, commercial borrow pits, or sand and aggregate production or manufacturing plants.
	J. Refer to Section 02317 - Excavation and Backfill for Utilities for other definitions regarding utility installation by trench construction.

	1.04 REFERENCES
	A. ASTM C 33 - Standard Specification for Concrete Aggregate.
	B. ASTM C 40 - Standard Test Method for Organic Impurities in Fine Aggregates for Concrete.
	C. ASTM C 123 - Standard Test Method for Lightweight Particles in Aggregate.
	D. ASTM C 131 - Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in Los Angeles Machine.
	E. ASTM C 136 - Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates.
	F. ASTM C 142 - Standard Test Method for Clay Lumps and Friable Particles in Aggregates.
	G. ASTM D 1140 - Standard Test Method for Amount of Material in Soils Finer Than No. 200 Sieve.
	H. ASTM D 2487 - Standard Classification of Soils for Engineering Purposes (Unified Soil Classification System).
	I. ASTM D 4318 - Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils.
	J. ASTM D 4643 - Standard Test Method for Determination of Water (Moisture) Content of Soil by Microwave Oven Method.
	K. TxDOT Tex-110-E - Determining Particle Size Analysis of Soils.
	L. TxDOT Tex-460-A-Material Finer Than 75 Φm (No.200) Sieve In Mineral Aggregates (Decantation Test for Concrete Aggregates.

	1.05 SUBMITTALS
	A. Conform to requirements of Section 01330 - Submittal Procedures.
	B. Submit description of source, material classification and product description, production method, and application of backfill materials.
	C. Submit test results for samples of off-site backfill materials. Comply with Paragraph 2.03, Material Testing.
	D. Before stockpiling materials, submit copy of approval from landowner for stockpiling backfill material on private property.
	E. Provide delivery ticket which includes source location for each delivery of material that is obtained from off-site sources or is being paid as specific bid item.

	1.06 TESTS
	A. Perform tests of sources for backfill material in accordance with Paragraph 2.03B.
	B. Verification tests of backfill materials may be performed by City in accordance with Section 01454 - Testing Laboratory Services and in accordance with Paragraph 3.03.


	Part 2: P R O D U C T S
	2.01 MATERIAL CLASSIFICATIONS
	A. Classify materials for backfill for purpose of quality control in accordance with Unified Soil Classification Symbols as defined in ASTM D 2487. Material use and application is defined in utility installation specifications and Drawings either by c...
	B. Class Designations Based on Laboratory Testing:
	1. Class I: Well-graded gravels and sands, gravel-sand mixtures, crushed well-graded rock, little or no fines (GW, SW):
	a. Plasticity index: non-plastic.
	b. Gradation: D60/D10 - greater than 4 percent; amount passing No. 200 sieve - less than or equal to 5 percent.

	2. Class II: Poorly graded gravels and sands, silty gravels and sands, little to moderate fines (GM, GP, SP, SM):
	a. Plasticity index: non-plastic to 4.
	b. Gradations:
	1) Gradation (GP, SP): amount passing No. 200 sieve - less than 5 percent.
	2) Gradation (GM, SM): amount passing No. 200 sieve - between 12 percent and 50 percent.
	3) Borderline gradations with dual classifications (e.g., SP-SM): amount passing No. 200 sieve - between 5 percent and 12 percent.


	3. Class III: Clayey gravels and sands, poorly graded mixtures of gravel, sand, silt, and clay (GC, SC, and dual classifications, e.g., SP-SC):
	a. Plasticity index: greater than 7.
	b. Gradation: amount passing No. 200 sieve - between 12 percent and 50 percent.

	4. Class IVA: Lean clays (CL).
	a. Plasticity Indexes:
	1) Plasticity index: greater than 7, and less than 20.

	b. Liquid limit: less than 50.
	c. Gradation: amount passing No. 200 sieve - greater than 50 percent.
	d. Inorganic.

	5. Class IVB: Fat clays (CH)
	a. Plasticity index: above A line.
	b. Liquid limit: 50 or greater.
	c. Gradation: amount passing No. 200 sieve - greater than 50 percent.
	d. Inorganic.

	6. Use soils with dual class designation according to ASTM D 2487, and which are not defined above, according to more restrictive class.


	2.02 PRODUCT DESCRIPTIONS
	A. Soils classified as silt (ML) silty clay (CL-ML with PI of 4 to 7), elastic silt (MH), organic clay and organic silt (OL, OH), and organic matter (PT) are not acceptable as backfill materials. These soils may be used for site grading and restoratio...
	B. Provide backfill material that is free of stones greater than 6 inches, free of roots, waste, debris, trash, organic material, unstable material, non-soil matter, hydrocarbon or other contamination, conforming to following limits for deleterious ma...
	1. Clay lumps: Less than 0.5 percent for Class I, and less than 2.0 percent for Class II, when tested in accordance with ASTM C 142.
	2. Lightweight pieces: Less than 5 percent when tested in accordance with ASTM C 123.
	3. Organic impurities: No color darker than standard color when tested in accordance with ASTM C 40.

	C. Manufactured materials, such as crushed concrete, may be substituted for natural soil or rock products where indicated in product specification, and approved by Project Manager, provided that physical property criteria are determined to be satisfac...
	D. Bank Run Sand: Durable bank run sand classified as SP, SW, or SM by Unified Soil Classification System (ASTM D 2487) meeting the following requirements:
	1. Less than 15 percent passing number 200 sieve when tested in accordance with ASTM D 1140. Amount of clay lumps or balls may not exceed 2 percent.
	2. Material passing number 40 sieve shall meet the following requirements when tested in accordance with ASTM D 4318: Plasticity index: not exceeding 7.

	E. Concrete Sand: Natural sand, manufactured sand, or combination of natural and manufactured sand conforming to requirements of ASTM C 33 and graded within following limits when tested in accordance with ASTM C 136:
	F. Gem Sand: Sand conforming to requirements of ASTM C 33 for course aggregates specified for number 8 size and graded within the following limits when tested in accordance with ASTM C 136:
	G. Pea Gravel: Durable particles composed of small, smooth, rounded stones or pebbles and graded within the following limits when tested in accordance with ASTM C 136:
	H. Crushed Aggregates: Crushed aggregates consist of durable particles obtained from an approved source and meeting the following requirements:
	1. Materials of one product delivered for same construction activity from single source, unless otherwise approved by Project Manager.
	2. Non-plastic fines.
	3. Los Angeles abrasion test wear not exceeding 45 percent when tested in accordance with ASTM C 131.
	4. Crushed aggregate shall have minimum of 90 percent of particles retained on No. 4 sieve with 2 or more crushed faces as determined by Tex-460-A, Part I.
	5. Crushed stone: Produced from oversize plant processed stone or gravel, sized by crushing to predominantly angular particles from naturally occurring single source. Uncrushed gravel is not acceptable materials for embedment where crushed stone is sh...
	6. Crushed Concrete: Crushed concrete is an acceptable substitute for crushed stone as utility backfill. Gradation and quality control test requirements are same as crushed stone. Provide crushed concrete produced from normal weight concrete of unifor...
	7. Gradations, as determined in accordance with Tex-110-E.

	I. Select Backfill: Clean sandy lean clay, Class IV with plasticity index between 7 and 20.
	J. Random Backfill: Any suitable soil or mixture of soils within Classes I, II, III and IV; or fat clay (CH) wh allowed by applicable backfill installation specification. Refer to Section 02316 - Excavation and Backfill for Structures and Section 0231...
	K. Cement Stabilized Sand: Conform to requirements of Section 02321 - Cement Stabilized Sand.
	L. Concrete Backfill: Conform to Class B concrete as specified in Section 03315 - Concrete for Utility Construction.
	M. Flexible Base Course Material: Conform to requirements of applicable portions of Section 02711 - Hot Mix Asphaltic Base Course, Section 02712 - Cement Stabilized Base Course, and Section 02713 - Recycled Crushed Concrete Base Course.

	2.03 MATERIAL TESTING
	A. Source Qualification. Perform testing to obtain tests by suppliers for selection of material sources and products not from the project site. Test samples of processed materials from current production representing material to be delivered. Use test...
	1. Gradation. Report complete sieve analyses regardless of specified control sieves from largest particle through No. 200 sieve.
	2. Plasticity of material passing No. 40 sieve.
	3. Los Angeles abrasion wear of material retained on No. 4 sieve.
	4. Clay lumps.
	5. Lightweight pieces.
	6. Organic impurities.

	B. Production Testing. Provide reports to Project Manager from an independent testing laboratory that backfill materials to be placed in Work meet applicable specification requirements.
	C. Assist Project Manager in obtaining material samples for verification testing at source or at production plant.


	Part 3: E X E C U T I O N
	3.01 SOURCES
	A. Use of existing material in trench excavations is acceptable, provided applicable specification requirements are satisfied.
	B. Identify off-site sources for backfill materials at least 14 days ahead of intended use so that Project Manager may obtain samples for verification testing.
	C. Materials may be subjected to inspection or additional verification testing after delivery. Materials which do not meet requirements of specifications will be rejected. Do not use material which, after approval, has become unsuitable for use due to...
	D. Bank run sand, select backfill, and random backfill, if available in project excavation, may be obtained by selective excavation and acceptance testing. Obtain additional quantities of these materials and other materials required to complete work f...
	E. City does not represent or guarantee that any soil found in excavation work will be suitable and acceptable as backfill material.

	3.02 MATERIAL HANDLING
	A. When backfill material is obtained from either commercial or non-commercial  borrow pit, open pit to expose vertical faces of various strata for identification and selection of approved material to be used. Excavate selected material by vertical cu...
	B. Establish temporary stockpile locations for practical material handling, control, and verification testing by Project Manager in advance of final placement. Obtain approval from landowner for storage of backfill material on adjacent private property.
	C. When stockpiling backfill material near project site, use appropriate covers to eliminate blowing of materials into adjacent areas and prevent runoff containing sediments from entering drainage system.
	D. Place stockpiles in layers to avoid segregation of processed materials. Load material by making successive vertical cuts through entire depth of stockpile.

	3.03 FIELD QUALITY CONTROL
	A. Quality Control
	1. The Project Manager may sample and test backfill at:
	a. Sources including borrow pits, production plants and Contractor's designated off-site stockpiles.
	b. On-site stockpiles.
	c. Materials placed in Work.

	2. The Project Manager may re-sample material at any stage of work or location if changes in characteristics are apparent.

	B. Production Verification Testing: City’s testing laboratory will provide verification testing on backfill materials, as directed by Project Manager. Samples may be taken at source or at production point, as applicable.



	02519
	DISINFECTION OF POTABLE WATER FACILITIES
	Part 1: GENERAL
	1.01 SCOPE OF WORK
	A. Furnish all labor, materials, tools, equipment and related items required to disinfect all potable water facilities installed or modified in this Contract. Dechlorination will be required in order to reduce chlorine concentration to less than four ...
	B. The potable water facilities include:
	1. Chemical Bulk Storage Tanks inclusive of all chemical piping, equipment, valves, etc.
	2. Piping which is designated to carry either, Potable Water, Plant Potable Water, Finished Water, Filtered Water, Distribution Water, Backwash Water, Protected Water, or Raw Water.


	1.02 MEASUREMENT AND PAYMENT
	A. No Separate payment will be made for work provided under this section. Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.

	1.03 REFERENCE STANDARDS
	A. American Water Works Association (AWWA)
	1. AWWA C651-99 – Disinfection Water Mains
	2. AWWA C652-02 – Disinfection of Water Storage Facilities
	3. AWWA C653-97 – Disinfection of Water Treatment Plants


	1.04 SUBMITTALS
	A. Prior to starting disinfection work, furnish to Engineer a detailed outline of proposed sequence of work, manners of filling and flushing units, source and quality of water to be used, and disposal of wastewater.
	B. Submit material data sheets on all disinfectants and neutralization chemicals to be used.
	C. Comply with sections 01330 and 01340.

	1.05 QUALITY ASSURANCE
	A. Bacteriological Sampling and Testing:
	1. Bacteriological sampling and water quality testing of disinfected potable water facilities shall be conducted by Drinking Water Operations, Public Utilities Division of the City of Houston Public Works Department.
	2. Results to be acceptable to City of Houston.
	3. Potable water facilities shall be verified free of coliform bacteria contamination. Work to be in accordance with AWWA standards as applicable.
	4. Methods of bacteriological analysis are as specified in the Standard Methods for Examination of Water and Wastewater by the American Public Health Association, latest edition.



	Part 2: PRODUCTS
	2.01 CHLORINE
	A. Liquid chlorine shall meet the requirements of AWWA B301.
	B. Calcium hypochloride shall meet the requirements of AWWA B300.

	2.02 WATER
	A. Water for the first potable water facility wash-down, disinfection, fill and testing of piping to meet the TCEQ Standards for potable water will be provided by the Plant Facility.
	B. The Contractor may be required to pay for water required for refill or retesting due to failures in workmanship caused by the Contractor discovered during initial testing.

	2.03 CHLORINE NEUTRALIZING CHEMICALS
	A. Chlorine neutralizing chemicals (e.g., sulfur dioxide, sodium bisulfite, sodium sulfite, etc.), if required for residual reduction of heavy chlorinated water, are to be of grade analysis approved by the city.


	Part 3: EXECUTIOn
	3.01 clean-up
	A. Remove all construction equipment, scaffolding, planks, tools, rags, paint containers, or other materials not part of the potable water facilities.
	B. Clean potable water facilities of dirt, blast products, and debris by sweeping, scrubbing, vacuuming or equally effective measures.
	C. Hose down potable water facilities interior (walls, roof, and floor) with potable water to remove remaining foreign materials.
	D. Collect and properly dispose of all accumulated rinse water and associated solids.

	3.02 DIsinfection of plant piping
	A. General:
	1. Furnish pump, pipe connections, and necessary apparatus, gauges and meters.
	2. Furnish necessary labor, assistance and chlorination agent for disinfection.
	3. During installation, the interior of all pipes, fittings and other accessories shall be kept as free as possible from dirt and foreign matter at all times. If, in the opinion of the City Engineer, the pipe contains dirt or foreign matter that could...
	4. After completion of hydrostatic pressure tests and prior to disinfection, the pipeline shall be flushed as thoroughly as possible, with the water pressure and outlets available. If feasible, flushing rate should develop a velocity in the pipeline o...
	5. After flushing has been completed to the point that apparent dirt and foreign matter have been removed from the pipeline, either liquid chlorine or calcium hypochlorite solution shall be injected into the pipeline as provided in AWWA C651.

	B. Contamination Control:
	1. Prevent admission of contaminated water to any treatment unit or water storage unit at the East Water Purification Plant 1-2.
	2. If contaminated water is admitted to previously disinfected units, disinfect these units at no additional cost to City.

	C. Disinfect:
	In accordance with applicable section of AWWA C657-99, Disinfecting Water Mains and as follows:
	1. Chlorine does, 100 mg/1 minimum for a period of not less than three hours.
	2. At the discretion of the City, retain chlorine water in system until completion of hydrostatic tests. Minimum retention period to be 24 hours.
	3. Following chlorination, flush treated water from piping until replacement water has chlorine content not more than 0.1 mg/1 in excess of residual in water from supply line, and in any event not more than 0.2 mg/1 total.
	4. In initial treatment results in an unsatisfactory bacterial test, repeat disinfection procedures at no additional cost to the City until satisfactory results are obtained.


	3.03 disinefection of water storage facilities and teatment plant structures
	A. All potable water storage facilities located downstream of the filters shall be disinfected in accordance with AWWA C652-02, Chlorination Method No. 1. This includes Chemical Bulk Storage Systems, and Chemical Feed Systems, that feed chemical to th...
	B. All other potable water facilities shall be disinfected per AWWA C652-02, Chlorination Method No. 2.
	C. Water Sampling:
	1. Water samples are to be taken from the tank by the City for bacteriological and quality analyses.
	2. The Contractor shall notify the Engineer when the tank is ready to be sampled.
	3. All sampling to be done during normal business working hours.

	D. Additional Testing Requirements:
	1. Repeat disinfection procedure, if necessary, at Contractor’s expense until acceptable water samples are obtained.
	2. Contractor responsible for disposing of chlorinated water.
	3. Responsibility to include the obtaining of any necessary permits and all required neutralizing chemicals.
	4. After the bacteriological criteria have been satisfied, the water in the potable water facility must have a chlorine residual of less than 2.0 ppm before the potable water facility is placed in service.
	5. The Contractor shall complete all requirements for bacteriological testing, fill the tank for use by the City, restore site, and complete all other ancillary construction to obtain the Certificate of Substantial Completion.


	3.04 water discharge
	Contractor will not be permitted to discharge water used for disinfection purposes to any waterway if the water contains more than 4 ppm of chlorine. Dechlorination by methods acceptable to the City must be used if the Contractor proposes discharge to...



	03390
	Part 1: G E N E R A L
	1.01 SECTION INCLUDES
	A. Curing of structural concrete.

	1.02 Measurement and payment
	A. No separate payment will be made for concrete curing provided under this Section.  Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.
	B. Under Section 00410, Part B, Paragraph C, Extra Unit Price Table, Contractor is required to provide unit prices for specified quantities of concrete, specified in Section 003310. These Bid Items are included to provide a price for additional quanti...

	1.03 REFERENCES
	A. ACI 308 - Standard Practice for Curing Concrete.
	B. ASTM C 171 - Standard Specifications for Sheet Materials for Curing Concrete.
	C. ASTM C 309 - Standard Specification for Liquid Membrane-Forming Compounds for Curing Concrete.
	D. ASTM D 44587 - Conducting Tests on Paint and Related Coatings and Materials Using a Fluorescent UV-Condensation Light-and Water-Exposure Apparatus.

	1.04 DEFINITIONS
	A. Mass Concrete:  Concrete sections 4 feet or more in least dimension.

	1.05 SUBMITTALS
	A. Conform to Section 01330 - Submittal Procedures and Section 01340 – Shop Drawings, Product Data and Samples .
	B. Product Data:  Submit description of proposed curing method for concrete.  When use of membrane-forming compound is proposed, submit manufacturer's technical information including material specifications, installation instructions and recommendatio...
	C. When membrane-forming compounds are to be used, submit certification by the manufacturer of compliance with specified requirements and compatibility with toppings, coatings, finishes, and adhesives to be applied.


	Part 2: P R O D U C T S
	2.01 MATERIALS
	A. Membrane-forming Curing Compound:  Conform to ASTM C 309, Type 1D, and following requirements.
	1. Minimum solids content:  30 percent.
	2. Compound shall not permanently discolor concrete.  When used for liquid- containing structures, curing compound shall be white-pigmented.
	3. When used in areas that are to be coated, or that will receive topping or floor covering, material shall not reduce bond of coating, topping, or floor covering to concrete.  Curing compound manufacturer's technical information shall state condition...
	4. Conform to local, state and federal solvent emission requirements.

	B. Clear Curing and Sealing Compound (VOC Compliant):  Conform to ASTM C 309, Type 1, Class B, and the following requirements:  30 percent solids content minimum; non-yellowing under ultraviolet light after 500-hour test in accordance with ASTM D 4587...
	C. Sheet Material for Curing Concrete:  ASTM C 171; waterproof paper, polyethylene film or white burlap-polyethylene sheeting.
	D. Curing Mats (for use in Curing Method 2):  Heavy shag rugs or carpets, or cotton mats quilted at 4 inches on center; 12 ounce per square yard minimum weight when dry.
	E. Water for curing:  Clean and potable.


	Part 3: E X E C U T I O N
	3.01 CURING PROCEDURES
	A. Comply with ACI 308 and the requirements specified herein.  Protect freshly-deposited concrete from premature drying and excessively hot or cold temperatures.  Maintain minimal moisture loss and relatively constant temperature during time necessary...
	B. Unformed Surfaces:  For concrete surfaces not in contact with forms, use one of following procedures immediately after completion of placement and finishing.
	1. Ponding or continuous sprinkling.
	2. Absorptive mat or fabric kept continuously wet.
	3. Sand or other covering kept continuously wet.
	4. Continuous steam bath (not exceeding 150 degrees F at surface of concrete).
	5. Vapor mist bath.
	6. Membrane-forming curing compound applied according to manufacturer's recommendations.  After the curing compound has dried, wet slab surfaces and cover with waterproof paper, polyethylene film, or white burlap-polyethylene sheeting after the applic...
	7. Other moisture-retaining coverings as approved by City Engineer.

	C. Restrictions on Use of Curing Compounds:  Unless curing compound manufacturer certifies that curing compound will not prevent bond to cured surface, do not use curing compound on surfaces that will be rubbed or receive additional concrete, mortar, ...
	D. Curing and Sealing Compounds:  At locations indicated, cure exposed interior slabs and troweled slabs receiving mastic-applied adhesives with specified clear curing and sealing compound in accordance with manufacturer's recommendations.  Do not sto...
	E. Duration of Curing:  Continue curing until cumulative number of days or fractions of days during which ambient temperature is above 50 degrees F has totaled 7.  Continue curing of water-retaining structures for a total of 14 days.  When high-early-...
	F. Formed Surfaces:  During the curing period keep wet steel forms heated by sun and wood forms in contact with concrete.  When forms are to be removed during curing period, employ curing materials or methods immediately.  Continue such curing for rem...
	G. Temperature:
	1. Cold Weather.  When mean daily temperature of atmosphere is less than 40 degrees F, maintain temperature of concrete between 50 and 70 degrees F for required curing period.  When necessary, make arrangements for heating, covering, insulating or hou...
	2. Hot Weather.   In advance of placement make arrangements for shading, fog spraying, sprinkling, ponding or installation of windbreaks or wet covering of light color.  Take such protective measures as quickly as concrete hardening and finishing oper...
	3. Temperature Changes.  Control so rate of change in temperature of concrete is as uniform as possible.  Do not permit temperature change to exceed 5 degrees F in any one hour or 50 degrees F in any 24-hour period.

	H. Protection from Mechanical Injury.  During curing period, protect concrete from damaging mechanical disturbances, particularly load stresses, heavy shock, and excessive vibration.  Protect finished concrete surfaces from damage caused by constructi...

	3.02 CURING MASS CONCRETE
	A. Observe the following additional restrictions when curing mass concrete.
	1. Minimum curing period:  2 weeks.
	2. When ambient air temperature falls below 32 degrees F, protect surface of concrete against freezing.
	3. Do not use steam or other curing methods that will add heat to concrete.
	4. Keep forms and exposed concrete continuously wet for at least the first 48 hours after placing, and whenever surrounding air temperature is above 90 degrees F during final curing period.
	5. During 2-week curing period, provide necessary controls to prevent ambient air temperature immediately adjacent to concrete from falling more than 30 degrees F in 24 hours.




	03600
	Part 1: G E N E R A L
	1.01 SECTION INCLUDES
	A. Non-shrink grout used wherever grout is shown in the Documents, unless another type is specifically referenced.  Two classes of non-shrink grout (Class I and II) and areas of application are specified.

	1.02 UNIT PRICES
	A. No separate payment will be made for grouting work performed under this Section. Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.
	B. Under Section 00410, Part B, Paragraph C, Extra Unit Price Table, Contractor is required to provide a unit price for a specified quantity of non-shrink epoxy grout and concrete grout, specified under this section.  This Bid Item is included to prov...

	1.03 REFERENCES
	A. CRD C 621 - Corps of Engineers Specification for Non-shrink Grout
	B. ASTM C 109 - Test Method for Compressive Strength of Hydraulic Cement Mortars (Using 2-in or 50-mm Cube Specimens)
	C. ASTM C 230 - Specifications for Flow Table for use in Tests of Hydraulic Cement
	D. ASTM C 1107 - Standard Specification for Packaged Dry, Hydraulic-Cement Grout (Non-shrink)

	1.04 SUBMITTALS
	A. Conform to Section 01330 - Submittal Proceduresand Section 01340 – Shop Drawings, Product Data and Samples .
	B. Quality Control:
	1. The Contractor shall submit manufacturer's literature certifying compliance with the specified properties for Class I and II grouts.
	2. The Contractor shall submit manufacturer's literature containing instructions and recommendations on the mixing, handling, placement and appropriate uses for each type of grout used in the work.

	C. The Contractor shall submit manufacturer's written warranty as specified.

	1.05 QUALITY ASSURANCE
	A. Field Tests:
	1. Compression test specimens will be taken during construction from the first placement of each type of grout, and at intervals thereafter as selected by the Project Manager to ensure continued compliance with these Specifications.  The specimens wil...
	2. Compression tests and fabrication of specimens for non-shrink grout will be performed as specified in ASTM C 109 at intervals during construction as selected by the Project Manager. A set of three specimens will be made for testing at 7 days, 28 da...
	3. Grout already placed which fails to meet the requirements of these Specifications is subject to removal and replacement no additional cost to the City.
	4. The cost of laboratory tests on grout will be borne by the City, but the Contractor shall assist the Project Manager in obtaining specimens for testing. However, the Contractor shall be charged for the cost of any additional tests and investigation...

	B. Warranty:
	1. Provide one-year warranty for work provided under this Section.
	2. Manufacturer's warranty shall not contain a disclaimer limiting responsibility to only the purchase price of products or materials furnished.
	3. Manufacturer shall warrant participation with Contractor in replacing or repairing grout found to be defective due to faulty materials, as determined by industry standard test methods.



	Part 2: P R O D U C T S
	2.01 APPLICATION
	A. The following is a listing of typical applications and the corresponding type of grout which is to be used.  Unless indicated otherwise, grouts shall be provided as listed below whether or not called for on the Drawings.

	2.02 PREPACKAGED GROUTS
	A. Basic Requirements for Cementitious Non-Shrink Grout
	1. Provide prepackaged non-shrink grout that is inorganic, flowable, non-gas-liberating, non-metallic, and cement-based, requiring only the addition of water.
	2. Deliver grout in original packaging with manufacturer's instructions printed on each container.
	3. Select the specific formulation for each class of non-shrink grout specified to conform to that recommended by the manufacturer for the particular application.
	4. Compressive strength at 28 days:  7000 psi minimum.
	5. Do not use a grout for which the non-shrink property is based on a chemically generated gas or gypsum expansion.

	B. Class I Non-Shrink Grout:
	1. Supply Class I Grout conforming to these specifications and to CRD C 621 and ASTM C 1107 Grade C and B (as modified below) when tested using the amount of water needed to achieve the following properties:
	a. Fluid consistency (20 to 30 seconds) per CRD C 611 at initial testing.
	b. Fluid consistency (45 seconds) per CRD C 611 at 30 minutes after mixing.
	c. At temperatures of 45, 73.4, and 95 degrees F.

	2. To satisfy non-shrink requirements, the length change from placement to time of final set shall not have a shrinkage greater than the amount of expansion measured after final set at 3 and 14 days.  The expansion at 3 and 14 days shall not exceed th...
	3. Fluid grout shall pass through the flow cone, with a continuous flow, 1 hour after mixing.
	4. Demonstrate in tests that grout maintains contact with the baseplate to provide an minimum effective bearing area of 95 percent of the gross contact area after final set.
	5. The grout packaging shall list weight, maximum amount of mixing water to be used, maximum usable working time (pot life) at flowable consistency, and temperature restrictions for preparation and placement within which grout will meet specified requ...

	C. Class II Non-Shrink Grout:
	1. Supply Class II Grout confirming to ASTM C 1107 and the following requirements when tested using the amount of water needed to achieve the following properties:
	a. Flowable consistency: 140 percent flow on ASTM C 230, five drops in 30 seconds.
	b. Fluid working time:  15 minutes, minimum.
	c. Flowable duration:  30 minutes, minimum.

	2. When tested, the grout shall not bleed at maximum allowed water.


	2.03 CURING MATERIALS
	A. Curing materials: As specified in Section 03390 - Concrete Curing and as recommended by the manufacturer of prepackaged grouts.

	2.04 CONSISTENCY
	A. Mix grouts to the consistency necessary to completely fill the space to be grouted. Dry pack consistency is such that the grout is plastic and moldable but will not flow. Where "dry pack" is called for in the Contract Documents, it shall mean a gro...


	Part 3: PART 3    E X E C U T I O N
	3.01 PREPARATION
	A. Verify that base concrete or masonry has attained design strength before grout is placed.
	B. When cementitious grouts are used on concrete surfaces, saturate the concrete surface with water for 24 hours prior to placement of cement-based grout. Upon completion of saturation period remove excess water prior to grouting.

	3.02 GROUTING PROCEDURES
	A. Prepackaged Grouts:  Perform mixing, surface preparation, handling, placing, consolidation, curing, and other means of execution for prepackaged grouts according to the written instructions of the manufacturer.  Use prepackaged materials in the qua...

	3.03 CONSOLIDATION
	A. Place grout in such a manner, for the consistency necessary for each application, so as to assure that the space to be grouted is completely filled.



	03931
	1.01 SECTION INCLUDES
	A. Repair of cracks, holes and surface defects, and repair of deteriorated concrete surfaces.
	B. Installation of embedded items into existing concrete.

	1.02 UNIT PRICES
	A. No separate payment will be made for concrete repair and rehabilitation provided under this Section.  Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.

	1.03 REFERENCES
	A. ASTM C 109 - Compressive Strength of Hydraulic Cement Mortars.
	B. ASTM C 881 - Epoxy-Resin-Base Bonding Systems for Concrete.
	C. ASTM C 882 - Bond Strength of Epoxy-Resin Systems Used with Concrete.

	1.04 SUBMITTALS
	A. Under provisions of Section 01330 -Submittal Procedures and Section 01340 – Shop Drawings, Product Data and Samples, submit manufacturer's product information, installation instructions and recommendations, and certification of compliance with requ...

	1.05 REPAIR SCOPE
	A. Patch and fill openings in existing concrete indicated to be patched or filled.
	B. Patch, fill holes in and otherwise repair damage to concrete and concrete surfaces resulting from removal of penetrating pipes and other embedded items, from installation of pipes or other items embedded in or passed through concrete, and from othe...
	C. Crack Repair:  Repair the full length of cracks in concrete members in new structures.

	1.06 QUALITY ASSURANCE
	A. Field Tests of Cement-based Grouts:
	1. Compression test specimens will be prepared during construction by the City Engineer, or his authorized representative, from the first placement of each type of mortar or grout, and at intervals thereafter as determined by the City Engineer, to ens...
	2. Specimen preparation and compression testing for repair mortar and non-shrink grout will be performed as specified in ASTM C 109.  A set of three specimens will be made for testing at 7 days, 28 days, and additional testing as appropriate.
	3. Material failing to meet Contract requirements is subject to removal and replacement with new material meeting requirements at no additional cost to the City.
	4. Cost of laboratory tests on mortar and grout will be borne by the City, except Contractor shall pay for tests failed, and additional testing and investigation work performed because of work not meeting Contract requirements.
	5. Contractor shall supply all materials necessary for fabricating test specimens and assist the Project Manager in obtaining specimens for testing.

	B. Repair concrete shall be tested as required in Section 03310 - Structural Concrete.
	C. Epoxy grout shall be tested as required in Section 03600 - Structural Grout.
	D. Chemical Grout:
	1. Installer: A waterproofing contractor with a minimum of 3 years experience in the installation of chemical grout systems as specified herein, and shall be certified or approved by the manufacturer.
	2. Waterproofing contractor shall submit a list of 5 previous jobs successfully completed by that firm that successfully utilized the specified chemical grout system.

	E. Construction Tolerances:  As specified in Section 03100 - Concrete Formwork, and Section 03350 - Concrete Finishing, except as otherwise indicated.

	2.01 REPAIR MORTAR
	A. Repair Mortar: Prepackaged  polymer-modified cement-based product specifically formulated for repair of surface defects in concrete, having the following properties:
	B. Manufacturer and Product: Emaco by Master Builders, SR93 by Euclid Chemical Company, Sikacem by Sika Corporation, Five Star Structural Concrete by Five Star Products, Inc., or equal.  Where the manufacturer offers products in formulations intended ...
	C. Minimum Repair Thickness: 0.50 inch.

	2.02 NON-SHRINK GROUT
	A. Non-shrink Grout:  Comply with requirements of Section 03600 - Structural Grout.

	2.03 CONCRETE MATERIALS
	A. Cement:  Type II Portland cement, unless indicated otherwise.  Where repairs are made on wall surfaces exposed to view and above normal water surface elevation, blend white Portland cement with Type II cement as needed to match the color of adjacen...
	B. Repair Concrete:  Class A (4000 psi) concrete with one-inch maximum coarse aggregate, complying with Section 03310 - Structural Concrete;  minimum repair thickness, 2 inches.
	C. Cement Grout:  Comply with Section 03600 - Structural Grout; minimum repair thickness, one inch.
	D. Curing Materials, Bonding Agents, and Other Miscellaneous Materials:  Comply with Section 03310 - Structural Concrete and Section 03390 - Concrete Curing.

	2.04 AGGREGATE
	A. Aggregate for Extending Repair Mortar and Non-shrink Grout Products:  3/8 inch clean, washed gravel or crushed stone complying with Section 03390 - Concrete Curing.

	2.05 CHEMICAL GROUT
	A. Chemical Grout: Hydrophobic urethane or polyurethane material of low viscosity suitable for pumped injection into cracks, which reacts with water to form a closed-cell foam material that completely fills and seals all cracks against leakage.  Cured...
	B. Manufacturer and Product: Scotch Seal 5600 by the Adhesives, Coatings, and Sealers Division of 3M Products; Flex LV by De Neef America, Inc.; SikaFix by Sika Corporation; or equal.  Use different formulations in the same family of materials, accele...
	C. Reacted and cured chemical grout shall be resistant to organic solvents, mild acids, alkali and micro-organisms.  Cured material shall be approved for use with potable water by the appropriate federal, state, or local government agency.

	2.06 EPOXY PRODUCTS
	A. Epoxy Grout: Comply with Section 03600 - Structural Grout, modified as specified herein.
	B. Epoxy for Crack Injection: ASTM C 881, Type IV;  low viscosity, moisture-insensitive material specifically formulated for that use; 2500 psi minimum bond strength when tested in accordance with ASTM C 882 at 14 days, moist cured.

	2.07 SEALANT
	A. Sealant: 2-part polyurethane.

	2.08 FORMWORK
	A. Formwork, Where Needed:  Comply with Section 03100 - Concrete Formwork.

	2.09 REINFORCEMENT
	A. Reinforcement, Where Required:  Comply with Section 03211 - Reinforcing Steel.
	A. Resilient Waterstop.

	3.01 PREPARATION AND CURING
	A. Where repairs are made on wall surfaces exposed to view and above normal water surface elevation, installed repair material shall match adjacent concrete surface in color.
	B. Surface Preparation:
	1. Clean entire area to be repaired of laitance, foreign material and loose or deteriorated concrete by chipping, hydroblasting or sandblasting; further roughen surfaces as specified herein.  Where non-shrink grout or repair mortar is used, perform an...
	2. Where cementitious repair materials are used, maintain surfaces to be repaired in a saturated surface dry condition and prevent concrete from drying until repair operations are completed.  Re-wet surfaces to be repaired by water spray on at least a...
	3. Where repair material manufacturer recommends use of an epoxy bonding agent, follow recommendations of both the repair material and epoxy bonding agent manufacturers.

	C. Fully consolidate repair material, completely filling all portions of areas to be filled.
	D. Bring repair surfaces into alignment with adjacent existing surfaces to provide uniform, even surfaces.  Unless indicated otherwise, repair surfaces shall match adjacent existing surfaces in texture and receive coatings or surface treatments provid...
	E. Curing:
	1. Cure repair mortar and non-shrink grout according to manufacturer's recommendations, except that minimum cure period shall be 3 days.
	2. Cure other materials in accordance with Section 03390 - Concrete Curing.
	3. If manufacturer recommends use of a curing compound, use no material that would interfere with the bond of any coating or adhesive required to be applied to the surface.


	3.02 TREATMENT OF SURFACE DEFECTS
	A. Definition - Surface Defects: Depressions in concrete surfaces not extending  all the way through a member, caused by physical damage, unrepaired rock pockets created during original placement, spalling due to corroded reinforcing steel or other em...
	B. Preparation:
	1. Remove loose, damaged concrete by chipping to sound material.
	2. Where existing reinforcing bars are exposed, remove concrete at least one inch deep all around the exposed bars.  If the existing bars are cut through, cracked, or cross-sectional area is reduced by more than 25 percent, notify City Engineer immedi...

	C. Repair Material:
	1. Use only repair mortar to repair surface defects in members normally in contact with water or soil, and defects in interior surfaces of structures which  are intended to contain water.
	2. Repair of other surface defects may be by application of repair mortar, repair concrete or cement grout, as appropriate.


	3.03 PATCHING OF HOLES IN CONCRETE
	A. General:
	1. Definition - Holes: For the purposes of this section, holes are defined as penetrations completely through a concrete member, with interior surfaces approximately perpendicular to the surface of the existing member.  Chip interior surface areas whi...
	2. Perimeter of holes at the surface shall form a regular shape composed of curved or straight line segments.  Provide at least the minimum placement depth specified for the material used at all locations.  Score existing concrete by sawcutting and ch...
	3. Roughen the interior surface of holes less than 12 inches in diameter to at least 0.125 inch amplitude.  Roughen larger holes to at least 0.25 inch amplitude.
	4. At holes not filled with repair mortar or non-shrink grout, and where otherwise recommended by the repair material manufacturer, coat existing surfaces to be repaired with epoxy bonding agent.
	5. Where a surface of a member is exposed to view and the repair material cannot be adjusted to match the color of the existing concrete, hold back the repair material 2 inches from the surface.  Fill the remaining 2 inches with color-adjusted cement ...

	B. Patching Small Holes:
	1. Fill holes less than 12 inches in least dimension and extending completely through concrete members with repair mortar or non-shrink grout.
	2. Fill holes in members normally in contact with water or soil with Class I non-shrink grout in accordance with Section 03600 - Structural Grout.

	C. Patching Large Holes:
	1. Fill holes larger than 12 inches in least dimension with repair concrete, repair mortar or non-shrink grout.
	2. Provide large holes normally in contact with water or soil and not filled with Class I non-shrink grout with resilient waterstop placed in a groove approximately 0.25 inch deep ground into the interior edge of the hole at the center of the wall pro...
	3. Provide reinforcing steel in layers matching existing reinforcement locations, except provide concrete cover required by the Contract Documents for the applicable service condition.
	4. For holes smaller than 48 inches, reinforcement shall be at least #5 bars on 12 inch centers in each layer required.  At all holes larger than 30 inches, drill and grout the reinforcement into the existing concrete.
	5. For holes larger than 48 inches, see the drawings for reinforcement details.


	3.04 PATCHING OF LINED HOLES
	A. These provisions apply to openings which have embedded material over all or a portion of the inside edge.  Requirements for repairing holes in concrete specified above shall apply as modified herein.  The City Engineer will determine when the embed...
	B. Where embedded material is allowed to remain, trim it back a minimum of 2 inches from the concrete surface.  Roughen or abrade the embedded material to promote good bonding to the repair material.  Completely remove any substance that interferes wi...
	C. Completely remove embedded items not securely and permanently anchored in the concrete.
	D. Completely remove embedded items larger than 12 inches in least dimension unless composed of a metal to which reinforcing steel can be welded.  Where reinforcement is required, weld it to the embedded metal.
	E. The following additional requirements apply to concrete in contact with water or soil.
	1. Fill lined openings less than 4 inches in least dimension with epoxy grout.
	2. Coat lined openings greater than 4 inches but less than 12 inches in least dimension with an epoxy bonding agent prior to filling with Class I non-shrink grout.
	3. Coat lined openings greater than 12 inches in least dimension with an epoxy bonding agent and bond bentonite waterstop to the interior of the opening prior to filling with approved repair material.


	3.05 INSTALLATION OF PIPES AND FRAMES
	A. The following applies to installation of permanent pipes and frames in openings cut into existing concrete members.
	B. Cut opening to a size which is a minimum of one inch and a maximum of 3 inches larger than the outside edge of the embedded item.  At openings with sharp corners, take care not to sawcut beyond the opening so as to damage existing reinforcing bars....
	C. Provide embedded items with a flange or other positive means of anchorage to repaired members.  At members in contact with soil or water, provide continuous waterstop flanges around embeds. Where concrete pipe will be embedded, provide resilient wa...
	D. Roughen the interior surface of openings to at least 1/4-inch amplitude.  Sandblast the embed surface to be in contact with concrete clean to promote good bonding to the repair material.
	E. Fill the space between the frame and the existing concrete with Class I non-shrink grout.
	F. Where surface of a member is exposed to view and the repair material cannot be adjusted to match the color of the existing material, hold back the repair material 2 inches from the surface.  Fill the remaining 2 inches with color-adjusted cement gr...

	3.06 NON-FIXED INSTALLATION OF PIPES
	A. The following applies to installation through existing concrete of piping to be sealed with adjustable linked seals, resilient connectors, or packing and sealant.  When more appropriate, City Engineer may require installation of a sleeve instead of...
	B. Size core-drilled opening to permit installation of the required seal; locate to minimize cutting of existing reinforcing steel.
	C. Where linked or resilient seals are to be installed, coat the interior surface of the opening with epoxy at least 1/8 inch thick for a smooth and even surface promoting a good seal.
	D. Where packing and sealant are required, seal exposed reinforcing bars with at least an 1/8-inch thick layer of epoxy extending 1/2 inch beyond the bars on all sides.  Prepare the surface of the cut concrete and the pipe as recommended by the sealan...

	3.07 GENERAL CRACK REPAIR
	A. Repair cracks identified by the Project Manager as caused by shrinkage or thermal movement by injection with chemical grout as specified herein.
	B. Repair cracks not caused by shrinkage or thermal movement by epoxy injection or as otherwise directed by the Project Manager.

	3.08 CHEMICAL GROUT CRACK REPAIR
	A. Inject chemical grout into all cracks as directed by the Project Manager in those structures included in the scope of work listed herein in accordance with the chemical grout manufacturer's installation instructions and recommendations.
	B. Location of Injection Ports:  Locate injection ports as recommended by the chemical grout manufacturer and as needed to insure complete penetration of the joint or crack with the grout. Spacing of injection ports shall not exceed 2 feet.
	C. Drilling Ports: Drill holes for injection ports to the depth needed for proper distribution of the chemical grout. Take care to not damage any reinforcing steel.
	D. Port preparation:  Clean holes for injection ports of all debris and fit with an injection fitting as provided by the manufacturer of the chemical grout, or equal. Install injection fittings in accordance with manufacturer's instructions;  allow fi...
	E. Chemical Grout Injection:
	1. Follow instructions and recommendations of the chemical grout manufacturer and its representatives for chemical grout mixing and injection procedures.
	2. Seal cracks at the surface where needed to assure complete penetration of injected chemical grout and prevent loss of material.
	3. Prior to chemical grout injection, inject water into ports to provide water for the reaction process, flush out foreign matter and verify continuity between adjacent ports. Inject water into each port until it begins to flow from an adjacent or nea...
	4. If the water injection procedure indicates the potential presence of voids within members or behind members resting against soil, notify the Project Manager immediately.
	5. Beginning at the lowest injection port, inject chemical grout until the grout begins to flow from an adjacent or nearby port. Repeat the process until the crack is completely filled. In general, port-to-port travel of the injection process will be ...
	6. If port-to-port continuity does not occur at locations where continuity was verified through water injection, mark location and notify the Project Manager.
	7. Avoid sudden application of high pressure during the injection process.
	8. After completion of the grouting operation, remove all ports and surface sealing materials leaving an undamaged surface.


	3.09 EPOXY CRACK REPAIR
	A. Inject epoxy into all cracks in damaged concrete as indicated by the City Engineer in structures included in the scope of work listed herein. Follow installation instructions and recommendations of the epoxy manufacturer.
	B. Inject cracks with sufficient pressure to ensure full penetration of epoxy but without causing further damage.
	C. Location, drilling and preparation of ports for injection: As specified for chemical grout herein.
	D. Epoxy Injection:
	1. Follow instructions of the epoxy manufacturer and its representatives for all mixing and injection procedures.
	2. Seal all cracks at the surface where needed to provide for complete penetration of the injected epoxy and to prevent loss of material.
	3. Beginning at the lowest injection port, inject the epoxy until it begins to flow from an adjacent or nearby port.  Repeat the process until the crack is completely filled.
	4. If port-to-port continuity does not occur, mark the location and notify Project Manager.
	5. Avoid sudden application of high pressure during the injection process.
	6. After completion of injection operations, remove all ports and surface sealing materials to leave an undamaged surface.

	A. These provisions pertain to concrete damaged by abrasion, chemical attack or corrosion of reinforcing steel.  The only material acceptable for surface repair is repair mortar as specified herein. Where the repaired surface is to be subsequently cov...
	B. Surface Preparation:
	1. Remove loose, broken, softened and acid-contaminated concrete to sound, uncontaminated concrete.
	2. Notify the City Engineer when removal of deteriorated concrete is complete. Schedule two weeks for the City Engineer to inspect the surface, perform testing for acid contamination, determine if additional concrete must be removed, and to develop an...
	3. Follow repair mortar manufacturer's instructions for additional surface preparation.

	C. Repair Mortar Placement:
	1. Follow manufacturer's recommendations for mixing and placement of repair mortar.  After the initial mixing of the repair mortar, do not add additional water to change the consistency should the mix begin to stiffen.
	2. Place repair mortar to the minimum thickness recommended by manufacturer but not less than 1/2 inch.  Should there be areas where less than the minimum repair mortar depth of concrete is removed, Contractor may remove additional concrete to attain ...
	3. Finish repair mortar in an even, uniform plane to restore the member to its original surface. Out-of-plane tolerance: No localized depressions or projections; 0.25 inch maximum gap between repair mortar surface and a 10-foot straight edge in any or...

	D. Finishing:
	1. Apply a smooth magnesium float finish to repair mortar.
	2. When completed: No sharp edges. Exterior corners, such as at penetrations: One-inch radius. Interior corners: Square, except 2-inch repair mortar fillet at corners to receive PVC lining.



	05060
	METALS
	Part 1: GENERAL
	1.01 SECTION INCLUDES
	A. Where not otherwise shown metals for general construction and fabricated products other than those for the building structure, and mechanical and electrical products and services and other operating or operable products referenced in other Sections.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section. Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.

	1.03 TESTS REPORTS AND CERTIFICATIONS
	A. Confirm to requirements of Section 01330 – Submittal Procedures and Section 01340 – Shop Drawings, Product Data and Samples.
	B. Where required, mill reports showing fulfillment of testing requirements of metals used or provide, or certification of compliance therewith shall be provided with shipping documents for that submittal.


	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS/PRODUCTS
	A. Subject to compliance with these specifications include those listed below and with item specifications, or approved equal unless otherwise shown.
	B. Steel:
	1. Shall be the size, shape, weight, or gauge shown, of material conforming to the following:
	a. Rolled shapes, plates, sheet piling and bars – General Requirements, ASTM A6.
	b. Shapes, plates and bars:
	1) For general use, ASTM A36;
	2) For high strength applications, ASTM A572, grades 42, 50, 60 or 65 as shown.
	3) Floor plat, ASTM AT86, pattern, gauge or thickness shown.

	c. Concrete reinforcement:
	1) Deformed bars, ASTM A615
	2) Galvanized bars – ASTM A767
	3) Cold drawn wire – ASTM A82;
	4) Deformed wire – ASTM A496;
	5) Welded plain wire fabric – ASTM A185;

	d. Sheet and strip –
	1) General requirements, ASTM A568
	2) Hot rolled sheet and strip – For structural uses, ASTM A570, grade 36; For general fabrication, commercial quality, ASTM A569.
	3) Cold rolled sheet and strip – For structural uses, ASTM A611, grade C; For general fabrication, commercial quality, ASTM A366.
	4) Galvanized sheet – General requirements, ASTM A525, hot dip. For general fabrication, ASTM A526 or 527, coated to 0.90 oz. PSF (G 90). Mill phosphatized where required to be painted. For machine lock forming fabrication, ASTM A527 only.
	5) Galvalumn sheet – Aluminum zinc alloy coated conforming to ASTM a792, .5 oz./sf. hot dip.

	e. Pipe – For structural use and general fabrications, ASTM A53, welded or seamless, size and weight, black or galvanized as shown.
	f. Hot formed tubing – For general fabrication, ASTM A501, welded or seamless, size and weight, square or round, black or galvanized, as shown.
	g. Cold formed tubing – For general fabrication, ASTM A500, welded or seamless, size and weight, square or round, black or galvanized, as shown.
	h. Wire – For general use, ASTM A510, grade required.
	i. Galvanized wire – For general use, ASTM A641, coating Class 1, soft, medium or hard temper as shown or required.
	j. Castings – For general use, ASTM A48 gray iron castings of tensile strength/test bar classes suited to the work; For weldable applications, ASTM A27, carbon steel castings, grade and class suited to the work.

	2. Aluminum: Shall be shape, size, weight, alloy and temper shown, of material conforming to the following:
	a. Extruded bars, rods, wire, shapes and tubes – For general fabrication ASTM B221.
	b. Sheet and Plate – For general fabrication, ASTM 209.
	c. For color anodized finishes – Alloys and tempers shall be selected to produce the required colors and strength, matching in extrusions, sheet and plate.

	3. Copper: Shall be thickness, weight, gauge, temper shown, of material conforming to the following:
	a. Sheet and strip – Fro general fabrication, ASTM B320.

	4. Stainless steel: Shall be thickness, gauge, and alloy shown, of material conforming to the following:
	a. Plate, sheet and strip – for general fabrications, ASTM A167;
	b. Bars and shapes – for general fabrications, ASTM A276
	c. Tubing – for general fabrication, ASTM A554.
	d. Where not otherwise shown, type 304 (18-8); For use in coastal areas, type 316.




	Part 3:  – EXECUTION – Not used.

	05080
	METAL FINISHES
	Part 1: GENERAL
	1.01 SECTION INCLUDES
	A. Where not otherwise shown, finishes for general construction and fabricated products, other than those for mechanical and electrical products and services and other operable or operating products referenced in other sections. Products specified in ...

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section. Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.

	1.03 SUBMITTALS
	A. Conform to requirements of Section 01330 – Submittal Procedures and Section 01340 – Shop Drawings, Product Data and Samples .


	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS/PRODUCTS
	A. Subject to compliance with these specifications include those listed below with the item specifications, or approved equal unless otherwise shown.
	B. Galvanizing:
	1. On steel sheet and wire products, as specified under METALS; On shapes, plates and bars – ASTM A123;

	C. Aluminum – Zinc Alloy Coating (Galvalume):
	1. Aluminum zinc alloy Hot dip coating on sheet steel conforming to ASTM A792, class AZ50 (0.8 mil. thickness each side) for painted work, A255 Satin finish for natural finish, treated as required for following finishes, if any.

	D. Zinc Rich Coating.
	1. For repair of galvanizing damage due to welding, burning, cutting, grinding, mishandling, etc., 2.50 DMT ASTM A780 and annex A2, zinc rich coating application over SP2 prepared base metal and onto disturbed galvanizing.

	E. Shop Priming.
	1. Preparation – Shall be in accordance with Steel Structures Painting Council (SSPC) Specifications, short titled as follows: SP1 (solvent cleaning), SP2 (hand tool cleaning), SP3 (power tool cleaning), SP4 (not used), SP5 (white metal blast cleaning...
	2. On black steel products for concealed installations or for protected alkyd or latex field painting, Federal Spec. TT-P-636 iron oxide/zinc chromate paint over clean base metal.
	3. On aluminum products for concealed installations or for protected alkyd or latex field painting - Fed. Spec. TT-P-645A zinc chromate primer over clean base metal.
	4. HIPAC primer – For epoxy, polyurethane or other special finishes, finish manufacturer’s compatible product over SP7 preparation.
	5. Alkaline primer – For field painted exposed exterior installations, GSA Spec. 207-1B Alkaline Base Metal Paint over SP7 preparation.
	6. Galvanized primer – for field painted exterior installations, Fed. Spec. TT-P-641 Type II, zinc oxide/alkyd paint.
	7. Asphalt base paint – On concealed bar joists as an option, Federal Spec. TT-C-494 Type II, dipped or sprayed over SP2 preparation.
	8. Apply primers by brush, roller, spray, or dipping to a uniform coat of 1.5 dry mil thickness.
	9. Touch up – Provide matching touch up product fro application under other sections to primed work not subject to field painting.

	F. Color Coating:
	1. On galvanized or aluminized steel and aluminum products - .80 dry mill thick (DMT) finish over .20 DMT primer for basic 2 coat system, with .80 DMT barrier coats and .50 DMT clear finishes added for higher level protection and/or Color Systems requ...
	a. PPG Duranar System.

	2. Unless otherwise shown, shall include Duranar 2 coat and 3 coat XL Systems for color selection, including exotic colors.

	G. Baked Enamel:
	1. On fabricated steel and aluminum products – 1 dry mil total thickness, mill applied, baked polymer spray coating, applied over manufacturer’s compatible prime coat, in selected colors, with wash-coated reverse surfaces. Provide field touch up system.
	2.    On fabricated products – 2 dry mil electroctatic baked epoxy powder primer, 2 dry mil electrostatic baked polyster powder finish.
	a. Morton Powder Coatings – Corvel 3000 Series Polyster Powders.


	H. Lacquer
	1. Protective coating for fabricated aluminum products – Water white methacrylate product, formulated to pass the Aluminum Association mortar test, spray coated to 1.0 dry mil minimum thickness.

	I. Mechanical Finishes
	1.  On aluminum: Shall be produced in accordance with Aluminum Association (AA) designations as follows:
	a. As fabricated –
	1) M11, specular as fabricated
	2) M22, non specular as fabricated

	b. Buffed –
	1) M21, Smooth specular
	2) M22, Specular

	c. Directional Textured –
	1) M31, Fine satin
	2) M32, Medium satin
	3) M33, Coarse satin
	4) M34, Hand rubbed
	5) M35, Brushed

	d. Non- directional texture –
	1) M41, Extra fine matte
	2) M42, Fine matte
	3) M43, Medium matte
	4) M44, Coarse matte
	5) M45, Fine shot blast
	6) M46, Medium shot blast
	7) M47, Coarse shot blast


	2. On stainless steels: Shall be produced in accordance with American Iron and Steel Institute (AISI) designations as followed:
	a. Unpolished finishes –
	1) No. 1 Rough and dull – as fabricated (hot rolled, annealed and descaled).
	2) No. 2D Dull – as fabricated (cold rolled, annealed and strip descaled). (No. 1 strip finish)
	3) No. 2B Bright – No. 2D followed by final light pass on polished rolls (No. 2 strip finish)
	4) No. 2B, Bright – cold rolled, final annealing in controlled atmosphere furnace (Bright Annealed)

	b. Polished Finishes –
	1) No. 3 Intermediate polish – finished with 100 grit abrasive.
	2) No. 4 Polished – finished with 150 grit abrasive
	3) No. 6 Dull Satin – No. 4 finish, tampico brushed in oil and abrasive.
	4) No. 7 Reflective – finely ground surfaces buffed without completely removing grit lines.
	5) No. 8 Highly reflective – finely ground surfaces buffed to complete removal of grit lines.



	J. Mechanical Finishes –
	1. On aluminum: Shall be produced in accordance with Aluminum Association (AA) designations as follows:
	a. Non-etched cleaned.
	1) C11, Degreased.
	2) C12, Chemically cleaned.

	b. Etched.
	1) C21, Fine matte.
	2) C22, Medium matte.
	3) C23, Coarse matte.

	c. Brightened Chemical.
	1) C31, Highly specular.
	2) C32, Defuse bright.



	K. Anodizing –
	1. On aluminum: Shall be electrolytically formed, clear or colored, over mechanical or chemical finishes as above, produced in accordance with Aluminum Association (AA) designations as follows:
	a. Less than 0.4 mil thick:
	1) A21, Clear coating.
	2) A22, Integral color coating.

	b. 0.4 to 0.7 mil thick (Class II):
	1) A31, Clear coating.
	2) A32, Integral color coating.

	c. 0.7 mil and thicker (Class I):
	1) A41, Clear coating.
	2) A42, Integral color coating.

	d. Unless otherwise shown, anodic coatings shall be Class I.


	L. Aluminum Finish Codes:
	1. Coatings shall be specified by codes selected from MECHANICAL and CHEMICAL FINISHES and ANODIZING above in sequence as, AA-M21C11A41, designating a Class I, clear anodic coating over a degreased, smooth specular, buffed surface.



	Part 3: EXECUTION – Not used.

	05090
	FASTENINGS
	Part 1: GENERAL
	1.01 SECTION INCLUDES
	A. Where not otherwise shown, fastenings of fixtures, fittings, equipment, etc. to floors, pavements, walls, ceilings and soffits and to building and site structures referenced in other sections.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section. Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.

	1.03 SUBMITTALS
	A. Conform to requirements of Section 01330 – Submittal Procedures and Section 01340 – Shop Drawings, Product Data and Samples.
	B.   Product data, including test load results where specified or required.


	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS/PRODUCTS
	A. Subject to compliance with these specifications include those listed below and with item specifications, or approved equal unless otherwise shown.
	B. Expansion Anchors: Shall comply with Appendix D of ACI 318 and Chapter 19 of the IBC and shall have the required ICC report showing equivalent load capacity.
	1. For ¼ to ¾ in. bolts, for solid masonry and concrete, steel sleeve and plug drop in anchor for machine bolts for flush or sub setting, conforming to Fed. Spec FF-S-325, Group VIII, Type I.

	C. One-piece Sleeve Anchors:
	1. For heavy loads and as required, in lieu of bolts in expansion anchors, one piece sleeve bolt anchors equal to Rawl-Bolts maybe be used where bolt anchors are required, Rawl Studs conforming to FF-S-325, Group II, Type 4, Class 1 or approved equal ...

	D. S Spikes:
	1. Tempered drive pins with S shaped bottom end for hammer setting, equal to Rawl Spikes.

	E. Shot Fasteners:
	1. .145 TO .205 in. shank pins for penetration thru ¼ to ½ in. steel, ¾ to 2-3/4 in. into concrete, headed or provided with ¼ or 3/8 in. stud extensions as required, conforming to Fed. Spec. FF-P-395B.

	F. Screw Anchors:
	1. Fiber shield – lead lined braided jute plug for wood, sheetmetal, or lag screws, conforming to FF-S-325, Group IV, Type 1.

	G. Bolts:
	1. ¼ to ½ IN minimum, hex head unless square head is permitted, conforming to Fed Spec. FF-B-575.

	H. Machine Screws:
	1. Size 0 x 1/8 in. minimum, conforming to Fed. Spec. FF-S-111.

	I. Security Screws:
	1. Size 0 x 1/8 in. minimum machine screws with torx head for limited distribution drivers only, unless one way, Torx Plus, spanner or hex heads are specified.

	J. Lag Bolts (Screws):
	1. ¼ X 1 in. minimum, hex head, conforming to Fed. Spec. FF-B-561

	K. Wood Screws:
	1. Size 0 x 1/8 in. minimum, conforming to Fed. Spec. FF-S-111.

	L. Screws - Tapping and Drill:
	1. No. 4 x 1/8 in. minimum, various head styles from flat to hex washer style as required, conforming to Fed. Spec. FF-S-107b.

	M. Nuts:
	1. Hex unless square is permitted, or castle or wing where shown, matching the bolt and conforming to Fed. Specs. FF-N-845 and FF-N-836.



	Part 3: EXECUTION
	3.01 SELECTION
	A. Type:
	1. In solid masonry or concrete –
	a. For ¼ in. and larger fasteners, bolts in steel expansion anchors or one piece sleeve anchors.

	2. Thru structural metal – bolts and nuts
	3. In structural metal – bolts and screws in tappings
	4. Thru sheet metal – Sheet metal screws, self tapping screws or drill screws




	05120
	STRUCTURAL STEEL
	Part 1: GENERAL
	1.01 SECTION INCLUDES
	A. Work included: Furnish all labor, materials, services, equipment and appliances required in conjunction with or properly incidental to the furnishing, fabrication, delivery, and erection of structural steel complete, including, but not limited to, ...
	1. Structural steel columns, girders, beams, angles, steel plates, miscellaneous deck support angles, connections and component parts for stairs.
	2. Qualification of welders.
	3. Shop prime coat of paint and field touch-up painting.
	4. Temporary construction bracing.
	5. Fabrication/erection inspection and testing.

	B. Extent of structural steel work is shown on the Drawings, including, notes and details to show sizes and locations of members, typical connections and component parts.
	C. Include all supplementary parts and members necessary to complete the structural steel work, regardless of whether all such parts are definitely shown or specified, and furnish all such bolts gussets, plates, etc.

	1.02 QUALITY CONTROL
	A. Latest adopted edition of all standards referenced in this Section shall apply, unless noted otherwise. In case of conflict between these Contract Documents and referenced standard, the Contract Documents and the Building Cod, the more stringent sh...
	B. Contractor shall furnish fabrication/erection inspection and testing of all welds in accordance with AWS D1.1, Chapter 6. Submit records of inspections and tests to City’s testing laboratory for their review.
	C. Fabricator shall employ a competent technician, engineer or independent testing laboratory to inspect the fabrication work to ensure compliance with the Contract Documents and shall identify such inspector to City’s testing laboratory. Inspector sh...
	D. All materials, fabrication procedures and field erection are subject to verification inspection and testing, by the City’s testing laboratory, in both shop and field. Such inspections and tests will not relieve Contractor of his responsibility for ...
	E. Qualifications for Welding Work: Contractor shall be responsible for qualifying welding operators in accordance with the AWS “Standard Qualification Procedure.” Provide Certification, to City’s testing laboratory, that welders to be employed in wor...
	F. Qualifications of Welding Procedures: Contractor shall provide the testing laboratory with welding procedures which are to be used in executing this work. Welding procedures shall be qualified prior to use in accordance with AWS D1.1, Part B.
	G. Comply with provisions of the following codes, Specifications and standards in addition to the Building Code:
	1. AISC, “Code of Standard Practice for Steel Buildings and Bridges,” except that the following sentence in paragraph 4.2.1 shall not apply to this project: “This approval constitutes the City’s acceptance of all responsibility for the design adequacy...
	2. AISC, “Specification for Structural Steel Buildings,” including the “Commentary” and Supplements thereto, as issued.
	3. AISC, “Specifications for Structural Joints using ASTM A 325 or A 490 Bolts,” approved by the Research Council on Structural Connections of the Engineering Foundation.
	4. AWS D1.1, “Structural Welding Code.”
	5. ASTM A 6, “Specifications for General Requirements for Delivery of Rolled Steel Plates, Shapes, Sheet Piling, and Bars for Structural Use.”
	6. Industrial Fasteners Institute, “Handbook on Bolt, Nut, and Rivet Standards.”
	7. Steel Structure Painting Council.
	a. Painting Manual, Volume 1, Good Painting Practice.
	b. Painting Manual, Volume 2, Systems Specifications

	8. Qualifications
	a. Structural steel fabricator shall have not less than five years experience in the fabrication of structural steel for buildings and shall be currently certified under the AISC Qualification Program for fabrication of Category I or higher structures...
	b. Structural steel erector shall have not less than five years experience in the erection of structural steel.



	1.03 DESIGN
	A.    Connections:
	1. All structural steel beams, truss, and bracing connections not specifically detailed on the Drawings shall be designed by the Contractor, under the direct supervision of a Registered Professional Engineer, licensed in the State of Texas, to resist ...
	2. Connections shall be designed in accordance with the requirements sin the AISC Manual of Steel Construction latest edition.

	B.  Substitutions: Substitutions of sections or modifications of details, or both, and the reasons therefore, shall be submitted with the shop drawings for approval. Submitted substitutions must be clearly identified and noted as such. Approved substi...
	C. Responsibility for Errors: Fabricator shall be responsible for all errors of detailing, fabrications, and for the correct fitting of structural steel members.
	D. Templates: Shall be furnished by fabricator with instructions for setting of anchor bolts and bearing plates.

	1.04 SUBMITTALS
	A.  Conform to requirements of Section 01330 – Submittal Procedures and Section 01340 – Shop Drawings, Product Data and Samples,
	B. Product Data: Submit producer’s or manufacturer’s specifications and installation instructions, including laboratory test reports and other data, to show compliance with Specifications for the following products.
	1. Structural steel primer paint.

	C. Mill Certificates: Submit for the City’s record certificates of mill analysis showing compliance with Specifications for the following products:
	1. Structural Steel (each type)
	2. High-strength bolts (each type), including nuts and washers.

	D.    Shop Drawings:
	1. Submit shop drawings prepared under the supervision of a Registered Professional Engineer, licensed in the State of Texas, including complete details in schedules for fabrication and shop assembly of members, erection plans, details, procedures, an...
	2. Structural steel members for which shop drawings have not been reviewed shall not be fabricated. Architect’s review shall cover general locations, spacings, and details of design. Omission from shop drawings of any materials required by the Contrac...
	3. Submit setting drawings, templates, and directions for installation of anchor bolts and other anchorages to be installed by other trades.

	E. Certification: Submit evidence of current AISC plant certification (see “Qualifications”).

	1.05 PRODUCT DELIVERY, STORAGE, AND HANDLING:
	A. Deliver anchor bolts and anchorage devices, which are to be embedded in cast-in-place concrete or masonry, in ample time to not delay that work.
	B. Store materials to permit easy access for inspection and identification. Keep steel members off the ground, using pallets, platforms, or other supports. Protect steel members and packaged materials from corrosion and deterioration.
	C. Do not store materials on structure in a manner that might cause distortion or damage to member or supporting structures. Repair or replace damaged materials or structures as directed.
	D. Support cambered members during shipment and handling in a manner which will not result in loss of camber.

	1.06 JOB CONDITIONS
	A.  Coordinate erection of structural steel with work of other trades
	B. Do not install columns which have anchor balls in concrete, until concrete members have attained their 28 day compressive strengths.

	1.07 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section. Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.


	Part 2: PRODUCTS
	2.01 MATERIALS
	A. Metal Surfaces, General: For fabrication for work which will be exposed to view, use only materials which are smooth and free of surface blemishes including pitting, seam marks, roller marks, rolled trade names, and roughness. Remove such blemishes...
	B. Steel:
	1. Wide flange shapes ASTM A572 – 50 (50 ksi yield).
	2. Rolled Shapes, Plates, and Bars: ASTM A 36 (36 ksi yield).
	3. Cold formed Steel Tubing: ASTM 4 500, Grade B, (46,000 psi yield).
	4. Steel Pipe: ASTM A 53, Type E or S, Grade B.

	C. Bolts and Washers:
	1. Bolts: Anchor Bolts and erection bolts shall conform to ASTM A 307, and to the requirements for regular hexagon bolts and nuts of ANSI Standards B18.2.1 and B18.2.2.
	2. High-strength bolts for connections shall conform to ASTM A 325 or ASTM A 490. Dimensions of bolt heads and nuts shall conform to requirements for heavy hexagon nuts of ANSI Standards b18.2.1 and B18.2.2
	3. Washers: Circular washers shall be flat and smooth, and shall conform to requirements for Type A washers in ANSI Standard B23.1. Beveled washers for “S” shapes and channels shall be square or rectangular, shall taper in thickness, and shall be smoo...
	4. Drilled anchor bolts shall be one of the following and shall comply with Appendix D of ACI 318 and Chapter 19 of the IBC:
	a. Simpson Strong Bolt.
	b. Kwik Bolt TZ, Hilti Fastening Systems, Tulsa, Oklahoma.
	c. Powers, Power Stud+.


	D. Welding electrodes shall conform to the requirements of the Specifications of the American Welding Society. Use E70 electrodes. For high-strength, low alloy steel, provide electrodes, welding rods, and filler metals equal in strength  and compatibl...
	E. Primer Paint
	1. Standard shop coat of red oxide primer, meeting the requirements of “SSPC-Paint 13” or Federal Specification “TT-P-636,” applied to a dry film thickness of 2.0 mils.

	F. Zinc-coating: When galvanized steel is required, the zinc-coating shall conform to ASTM A 123. Zinc-coating for threaded products shall conform to ASTM A 153, Class C. Zinc coating for sheet steel shall conform to ASTM A 591.
	G. Cold galvanizing compound shall be “ZRC” cold galvanizing compound, as manufactured by ZRC Chemical Products, Quincy, Massachusetts.

	2.02 FABRICATION
	A. Shop Fabrication and Assembly:
	1. Fabricate and assemble structural assemblies in the shop to greatest extent possible. Fabricate items of structural steel in accordance with AISC Specifications and as indicated on final shop drawings.
	2. Provide camber in members where indicated. Specified camber applies at jobsite, just prior to erection, lying down flat so that member weight had no effect. Contractor shall take necessary precautions to prevent or compensate for camber loss during...
	3. Properly mark and match-mark materials for field assembly. Fabricate for delivery sequence which will expedite erection and minimize field handling of materials.
	4. Where finishing is required, complete assembly, including welding of units, before start of finishing operations. Provide finish surfaces of member exposed in final structure free of markings, burrs, and other defects.
	5. Splicing of structural steel members is prohibited without prior approval of the Architect. Any member having a splice not shown and detailed on approved shop drawings shall be rejected.
	6. Members in compression joints which depend on contact bearing shall have the same bearing surfaces milled to a common plane. Member to be milled shall be completely assembled before milling.
	7. Plates shall be free of gross internal discontinuities such as ruptures and delaminations. Plates shall comply with ASTM A 578, Level 1.
	8. Mill tolerances: Comply with ASTM A 6.
	9. Fabrication tolerances: Comply with AISC Code of Standard Practice.

	B. Connections:
	1. Weld or bolt shop connections, as indicated on the Drawings.
	2. Bolt field connections, except where welded connections or other connections are indicated. Provide specific threaded fasteners for all principle bolted connections. Holes for bolted constructions shall be drilled or punched at right angles of memb...
	3. High-strength Bolted Construction: Install high-strength threaded fasteners in accordance with AISC, “Specifications for Structural Joints using ASTM A 325 or A 490 Bolts,” (RCRBSJ).
	4. Welded Construction: Comply with AWS Structural Welding Code for procedures, appearance and quality welds, and methods used in correcting welding work. Assemble and weld built-up sections by methods which will produce true alignment of axes without...
	5. Clean completed welds prior to inspection. Slag shall be removed from all completed welds and weld and adjacent base metal shall be cleaned by brushing or other suitable means. Tightly adherent splatter remaining after the cleaning operation is acc...
	6. Base Plates: Hole sizes for anchor bolts may be oversized to facilitate erection as follows:
	a. Bolts 3/4” to 7/8” Diameter – 5/16” oversize
	b. Bolts 1” to 2” Diameter – 1/2” oversize
	c. Bolts over 2” Diameter – 1” oversize
	d. Use oversize or plate washers under nut at all oversized holes in base plates. Washers must be large enough to cover the entire hole. Washer thickness shall be at least 1/8 of bolt diameter.


	C. Holes for Other Work: Provide holes required for securing other work to structural steel framing and for passage of other work through steel framing members, as shown on final shop drawings. Provide threaded nuts welded to framing and other special...
	D. Coating:
	1. The following steel shall be galvanized:
	a. As specified on drawings.



	2.03 SHOP PAINTING
	A. General: Shop Painting shall be coordinated with Section 09905 – Painting and Protective Coatings. Shop paint structural steel, except those members or portions of members to receive a galvanized coating and those members to be embedded in concrete...
	1. Do not paint surfaces which are to be welded.
	2. Do not paint surfaces which are scheduled to receive sprayed- on fireproofing.

	B. Surface Preparation: After inspection and before shipping clean steel work to be painted. Remove loose rust, loose mill scale, spatter, and slag or flux deposits. Clean steel in accordance with Steel Structures Painting Council (SSPC) as follows:
	1. SP-1, “Solvent Cleaning.”
	2. SP-2, “Hand Tool Cleaning.”
	3. SP-3, “Power Tool Cleaning”

	C. Painting: Immediately after surface preparation, apply structural steel primer paint in accordance with manufacturer’s instructions and at a rate to provide a uniform dry film thickness as specified. Use painting methods which result in full covera...


	Part 3: EXECUTION
	3.01 INSPECTION
	A. Erector must examine areas and conditions under which structural steel work is to be installed, and notify Contractor of conditions detrimental to proper and timely completion of work.

	3.02 ERECTION:
	A. General: Comply with AISC Specifications and Code of Standard Practice, and as herein specified.
	B. Temporary Shoring and Bracing:
	1. Provide adequate shoring and bracing to safely withstand all loads to which the structure may be subjected during the construction process, including wind loads, dead loads, construction material, and equipment loads. Such bracing shall remain in p...
	2. As the erection progresses, make a sufficient number of permanent welded or bolted connections to withstand erection stresses and maintain stability.
	3. The design of temporary shoring and bracing shall be the responsibility of the Contractor.

	C. Temporary Planking: Provide temporary planking and working platforms, as necessary, to effectively complete the work.
	D. Anchor Bolts: Furnish anchor bolts and other connectors required for securing structural steel to foundations and other in-place work. Furnish templates and other devices necessary for presetting bolts and other anchors in accurate locations.
	E. Setting Bases and Bearing Plates: Clean concrete and masonry bearing surfaces of bond- reducing materials and roughen to improve bond to surfaces. Clean bottom surface of base and bearing plates.
	1. 1. Set loose and attached base plates and bearing plates, for structural members, on wedges or other adjusting devices.
	2. Tighten anchor bolts after supported members have been positioned and plumbed. Do not remove wedges or shims but, if protruding, cut off flush with edge of base or bearing plate prior to packing with grout.

	F.     Field Assembly:
	1. Set structural frames accurately to lines and elevations indicated. Align and adjust various members forming a part of a complete frame or structure before permanently fastening. Clean bearing surfaces and other surfaces, which will be in permanent...
	2. Level and plumb individual members of structure within tolerances defined by AISC Code for Standard Practice, unless closer tolerances are required for proper fitting of adjoining or enclosing materials, in which case the most stringent shall apply.
	3. Set horizontal members with their natural camber (or specified camber) up.
	4. Establish required leveling and plumbing measurements on mean operating temperature of structure. Make allowances for the difference between temperature at time of erection and mean temperature at which the structure will be when completed and in s...
	5. Splice members only where indicated and accepted on final shop drawing.
	6. Where parts cannot be assembled or fitted properly, as a result of errors in fabrication or of deformation due to handling or transportation, such condition shall be immediately reported to the Architect, along with proposed method of correction. T...
	7. Fastening of splices in compression members shall be done after the abutting surfaces have been brought completely into contract.

	G. Erection Bolts: On exposed welded construction, remove erection bolts, fill holes with plug welds and grind smooth at exposed surfaces. On non-exposed welded construction, erection bolts shall be tightened securely and left in place, or if removed,...
	1. High-strength bolts shall be installed in conformance with the “Specifications for Structural Joints using ASTM A 325 or A 490 Bolts.”
	2. A 307 bolts and high-strength (A 325 and A 490) bolts noted to be “snug-tight” shall be tightened using a few impacts of an impact wrench or the full effort of a man using an ordinary spud wrench, bringing the plies into snug contact.
	3. High-strength bolts which are not specifically designed to be “snug-tight” shall be tightened to provide at least the minimum tension shown in Table 4 of the “Specification for Structural Joints using ASTM A 325 and A 490 Bolts.” Tightening shall b...
	4. Bolted parts shall fit solidly together when assembled. All joint surfaces shall be free of burrs, dirt and other foreign material that would prevent solid seating of the parts.
	5. Bolts tightened by calibrated wrench or by torque control shall have a hardened washer under the element (nut or bolt head) turned in tightening.
	6. Hardened washers shall be placed over slotted holes in an outer ply. Hardened beveled washers shall be used where outer face of bolted parts has a slope greater than 1:20 with respect to bolt axis.

	H. Field Welding: Comply with AWS Structural Welding Code and AISC Specification fir Structural Steel Buildings. Pay particular attention to surface preparation, preheating, sequence, and continuity of welds. Where heavy shapes are to be welded, compl...
	I. Comply with AISC Specifications for bearing, adequacy of temporary connections, alignment, and removal of paint on surfaces adjacent to field welds.
	J. Do not enlarge unfair holes in members, by burning or by use of drift pins, except in secondary bracing members. Ream holes that must be enlarged to admit bolts.
	K. Gas Cutting: Do not use gas cutting torches in field for correcting fabrication errors in structural framing, Cutting will be permitted only on secondary members which are not under stress, as acceptable to City. Finish gas-cut sections equal to a ...
	L. Touch-up Painting: Immediately after erection, clean field welds, bolted connections, and abraded areas of shop paint. Apply paint to exposed areas with same materials used for shop painting. Apply by brush or spray, to provide a minimum dry film t...
	M. Touch-up Cold Galvanizing: Immediately after erection, touch-up areas of hot dip galvanized members where galvanizing has been abraded during shipping and erection and areas where galvanizing has been removed or damaged due to welding. Apply specif...

	3.03 CLEANUP
	A. Clean up all debris caused by the work of this Section, keeping the area clean and neat at all times.



	05501
	Part 1: G E N E R A L
	1.01 SECTION  INCLUDES
	A. Bolts, anchors, nuts, sleeves, concrete anchors, scheduled items, and other miscellaneous metal items not specifically included under other sections of these specifications.

	1.02 MEASUREMENT AND  PAYMENT
	A. No separate payment will be made for work performed under this Section. Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.

	1.03 REFERENCES
	A. ASTM A 36 - Structural Steel.
	B. ASTM A 53 - Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and Seamless.
	C. ASTM A 123 - Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.
	D. ASTM A 153 - Zinc Coating (Hot-Dip) on Iron and Steel Hardware.
	E. ASTM A 276 - Stainless and Heat-Resisting Steel Bars and Shapes.
	F. ASTM A 307 - Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength.
	G. ASTM A 500 - Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in Round and Shapes.
	H. ASTM A 501 - Hot-Formed Welded and Seamless Carbon Steel Structural Tubing.
	I. ASTM F 593 - Stainless Steel Bolts, Hex Cap Screws, and Studs.
	J. ASTM F 594 - Stainless Steel Nuts.
	K. AWS A 2.0 - Standard Welding Symbols.
	L. AWS D 1.1 - Structural Welding Code.
	M. SSPC - Steel Structures Painting Council.

	1.04 SUBMITTALS
	A. Submit following Section 01330 - Submittal Proceduresand Section 01340 – Shop Drawings, Product Data and Samples.
	B. Shop Drawings: Indicate profiles, sizes, thickness, grade class, connection attachments, reinforcing, anchorage, size and type of fasteners, and accessories.  Include erection drawings, elevations, and details where applicable.
	C. Indicate welded connections using standard AWS A 2.0 welding symbols.  Indicate net weld lengths.
	D. Submit manufacturer’s technical literature and test reports showing certified capacities for concrete anchors.
	E. When foreign manufactured material is proposed for use, test material for conformance to ASTM Standards by a certified independent testing laboratory located in the United States. Certification from any other source outside the United States is una...

	1.05 QUALIFICATIONS
	A. Prepare shop drawings under direct supervision of a professional Structural Engineer experienced in design of this work and licensed in the State of Texas.
	B. Welders' Certificates: Submit following Section 01340 - Submittal Procedures, certifying welders employed on the Work, verifying AWS D1.1, Structural Welding Code, using procedures, materials and equipment of type required for this work. Welder mus...

	1.06 FIELD  MEASUREMENTS
	A. Verify that field measurements are as indicated on Drawings.

	1.07 DELIVERY AND STORAGE
	A. Materials stored at project site: Store above ground on platforms, skids, or other supports. Keep free of dirt, mud, grease, or oil. Protect from corrosion.


	Part 2: P R O D U C T S
	2.01 MATERIALS
	A. Steel Shapes and Plate:  ASTM A 36.
	B. Stainless Steel Sections: ASTM A 276, Type 316 for non-welded items and Type 316L for welded items.
	C. Steel Tubing: ASTM A 500 or ASTM A 501, Grade B.
	D. Pipe: ASTM A 53, Grade B Schedule 40.
	E. Bolts, Nuts, and Washers: ASTM A 307 galvanized to ASTM A 153 for galvanized components. Provide anchor bolts for all equipment and machinery when anchor bolts are not furnished by manufacturer. Conform anchor size, length, projection, etc., to req...
	F. Stainless Steel Bolts and Nuts:  Bolts in accordance with ASTM F 593, Type 316; nuts in accordance with ASTM F 594, Type 316; UNC coarse threads.
	G. Concrete Anchors: Concrete anchors are inserted into holes drilled in hardened concrete. Use one of the following types:
	1. Adhesive Anchors: Shall comply with Appendix D of ACI 318 and Chapter 19 of the IBC.
	2. Expansion Anchors: Where concrete anchors are indicated and adhesive anchors are not required, wedge type anchors made with ASTM A 276, Type 316 Stainless Steel shall be used. Anchors shall be KWIK Bolt TZ By Hilti, Inc., or equal.

	H. Welding Materials: AWS D 1.1; type required for materials being welded.
	I. Shop and Touch-Up Primer: Same manufacturer as protective coating; compatible with protective coating; applied in accordance with manufacturer’s recommendation.

	2.02 FABRICATION
	A. Fit and shop-assemble in largest practical sections for delivery to site.
	B. Fabricate items with joints tightly fitted and secured. Weld all shop connections except where welding is not practical, or unless otherwise shown on Drawings. Where screw bolts cannot be avoided, conceal fasteners where possible or countersink hea...
	C. Grind exposed joints flush and smooth with adjacent finish surface. Make exposed joints butt tight, flush, and hairline.  Ease exposed edges to small uniform radius.
	D. Exposed Mechanical Fastenings: Flush countersunk screws or bolts; unobtrusively located; consistent with design of component, except where specifically noted otherwise.
	E. Supply components required for anchorage of fabrications. Fabricate anchors and related components of same material and finish as fabrication, except where specifically noted otherwise.
	F. Welding shall conform to requirements of AWS D1.1, Structural Welding Code – Steel. Perform welding not governed by above in accordance with best modern practice for strength and durability.

	2.03 FINISHES
	A. Prepare surfaces to be primed in accordance with SSPC SP 2.
	B. Do not prime surfaces in direct contact with concrete or where field welding is required.
	C. Galvanize, after completion of welded fabrication, in accordance with ASTM A 123, structural steel members. Provide minimum 1.25 ounces per square foot galvanized coating.


	Part 3: E X E C U T I O N
	3.01 EXAMINATION
	A. Verify that field conditions are acceptable and ready to receive work.
	B. Beginning of installation means erector accepts existing conditions.

	3.02 PREPARATION
	A. Clean and strip primed steel items to bare metal where site welding is required.
	B. Supply items required to be cast into concrete or embedded in masonry with setting templates, to appropriate sections.
	C. Coat stainless steel threads with an anti-seizing compound prior to installing nuts.

	3.03 INSTALLATION
	A. Install items plumb and level, accurately fitted, free from distortion or defects.
	B. Allow for erection loads, and for sufficient temporary bracing to maintain true alignment until completion of erection and installation of permanent attachments.
	C. Field weld components indicated on shop drawings.
	D. Perform field welding in accordance with AWS D 1.1.
	E. Obtain Project Manager approval prior to cutting or making adjustments in the field.
	F. After erection, prime welds, abrasions, and surfaces not shop primed except surfaces to be in contact with concrete.

	3.04 ERECTION  TOLERANCES
	A. Maximum Variation from Plumb: 1/4 inch per story, non-cumulative.
	B. Maximum Offset from True Alignment: 1/4 inch.

	3.05 COATING  REPAIRS
	A. Thoroughly clean field welds, abrasions, and damaged or defective areas of galvanized surfaces to remove all loose, cracked or bruised splatter coating.  After surface is prepared, for galvanized surfaces apply two coats of galvanizing repair coati...



	05510
	Part 1: GENERAL
	1.01 SCOPE OF WORK
	A. Furnish all labor, materials, equipment and incidentals necessary and install aluminum stairs complete with anchors and brackets, including integral handrails and posts when applicable, as shown on the drawings and as specified herein.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section. Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.

	1.03 RELATED WORK
	A. Concrete is included in Division 3.
	B. Miscellaneous metal is included in Division 5.
	C. Handrailing is included in Section 05520.

	1.04 SUBMITTALS
	A. Submit, in accordance with Section 01340, complete shop drawings and calculations. Calculations and Shop Drawings shall be sealed by a licenced professional engineer. Submittals shall indicate construction details, sizes, of metal sections, thickne...
	1. Two samples, each 8-in square in area, of each type finished material.
	2. Manufacturer’s certification that materials meet specification requirements.


	1.05 REFERENCE STANDARDS
	A. American Society for Testing and Materials (ASTM)
	1. ASTM B221 – Standard Specification for Aluminum and Aluminum – Alloy Extruded Bars, Rods, Wire, Profiles and Tubes.

	B. Aluminum Association (AA)
	1. AA 6061-T6- aluminum Sheet and Plate

	C. American Welding Society (AWS)
	1. AWS D1.1 – Structural Welding Code – Steel

	D. American National Standards Institute (ANSI)
	1. ANSI A202.1 – Metal Bar Grating Manual for Steel and Aluminum Gratings and Stair Treads.

	E. Building Officials and Code Administrators Congress International, Inc. (BOCA)
	F. Occupation Safety and Health Administration (OSHA)
	G. Where reference is made to one of the above standards, the revision in effect at the time of bid opening shall apply.


	Part 2: PRODUCTS
	2.01 mATERIALS
	A. Aluminum: ASTM B221, alloy 6061-T6, Finish AA-C22A31.
	B. Components
	1. Stringers: Aluminum
	2. Headers: Aluminum
	3. Treads: Aluminum
	4. Risers: Aluminum
	5. Platforms: Aluminum
	6. Railings: Aluminum
	7. Handrails: Aluminum


	2.02 GENERAL FABRICATION
	A. Verify dimensions on site prior to shop fabrication. Detail stair risers, treads and landings to conform with the requirements of OSHA latest edition and BOCA.
	B. Fabricate stairs, landings, and component connections to support live loads of minimum 100 lb/ sqft with deflection of stairs and landings not exceeding 1/360 of span. Provide landing as indicated on drawings.
	C. Fabricate railing supports and component connections as indicated in section 05520.
	D. Shop assemble sections in largest practical sizes, easily handled through building openings.
	E. Accurately form and fit components and connections. Grind exposed edges and welds and smooth and flush.
	F. Accurately form components required for proper anchorage of stairs and landings to each other and to building structure.

	2.03 FABRICATION OF SOLID TREAD AND CLOSED RISER STAIRS AND LANDINGS EXTERIOR
	A. Fabricate stair with closed risers and closed treads using structural aluminum channels, angles, plates ans extrusions for stringers, treads and all supports.
	B. Treads: Extruded or cast aluminum with integral nosing to form a one piece structural unit. Abrasive areas or serrations on the entire walking surface and open holes for drainage. 11-1/16-in wide tread shall b eI-Bar grating by Borden Metal Product...
	C. Properly secure treads to stringers with 3/8-in stainless steel bolts and washers. All other fasteners are to also be stainless steel.
	D. Landings: Use the same design as treads. Reinforce underside of landings with aluminum angles, channels or T’s .


	Part 3: EXECUTION
	3.01 ERECTION
	A. Erect stairs square, level, plumb and free from distortion or defects detrimental to appearance and performance.
	B. Provide necessary anchors, plats, angles, hangers and struts as required for connecting stairs to the structure.
	C. Ensure alignment with adjacent construction. Coordinate with related work to ensure no interruption in installation.
	D. Perform necessary cutting and altering for the installation of work of other Sections. Do not perform any other additional cutting without review of the Engineer.
	E. Field bolt and weld to match standard of shop bolting and welding. Hide bolts and screws whenever possible. Where not hidden, use flush countersunk fastenings, unless indicated otherwise. Make mechanically fastened joints flush hairline butted. Gri...



	05520
	Part 1: GENERAL
	1.01 SCOPE OF WORK
	A. Furnish all labor, materials, equipment and incidentals required and provide complete handrails and guardrails (including toeboards) as shown on the Drawings and as specified herein.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section. Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.

	1.03 RELATED WORK
	A. Metal stairs (stringers and treads) are specified in Section 05510.
	B. Structural steel is included in Section 05120.
	C. Metal fasteners are included in Section 05090.
	D. Field Painting is included in Section 09905.

	1.04 SUBMITTALS
	A. Submit, in accordance with Section 01340, shop drawings prior to fabrication indicating rail layout, profiles, sizes of members, methods of assembly, attachments, anchorages, anchorage locations, sizes and types of fasteners, accessories and locati...
	1. Manufacturer's load table and test data demonstrating that the railings will resist the loads specified in Paragraph 1.05 below at the post spacings provided.
	2. Letter certifying that railing system is in compliance with local building code and OSHA requirements.
	3. Letter of guarantee as required in Paragraph 1.08 below.
	4. 12-in long samples of handrail and guardrail. Submit one sample of elbow, tee, wall bracket, escutcheon, end stop, rail joint connections.


	1.05 REFERENCE STANDARDS
	A. Aluminum Association (AA)
	1. Standard Specifications as referenced.

	B. Occupational Safety and Health Administration (OSHA).
	C. International Code Conference (ICC)
	1. International Building Code 2006 (IBC)

	D. Where reference is made to one of the above standards, the revision in effect at the time of bid opening shall apply.

	1.06 QUALITY ASSURANCE
	A. The railing assembly including rails, posts, attachments and anchors shall be adequate to resist the following forces without damages or permanent set.  Apply each load so as to produce the maximum stress in each of the railing components.
	1. Handrails
	a. A concentrated load of 200 LBS applied at any point and in any direction.
	b. A uniform load of 50 LBS/FTt applied at any point and in any direction.

	2. Guardrails
	a. A concentrated load of 300 LBS applied at any point and in any direction along the top railing member.
	b. A uniform load of 100 LBS/FT applied in any direction along the top railing member.
	c. Infill area of guardrail system (including intermediate rails): A horizontal load of 200 LBS applied on a 1 SQ FT area anywhere in the system.



	1.07 PROJECT/SITE REQUIREMENTS
	A. Fully coordinate the work of this Section with that of other Sections.  Verify at the site the dimensions and work of other trades adjoining or supporting the work of this Section prior to fabrication and installation.
	B. Take field measurements at the site to confirm and/or supplement indicated dimensions and to ensure proper fit of all components.
	C. Furnish to the appropriate trades all items specified under this Section and installed under other Sections.

	1.08 DELIVERY, STORAGE AND HANDLING
	A. Protect railings against scratching, splashes, mortar, paint and other damage using paper wrap, an approved coating, or both.  Provide such protection during transportation, storage, erection and until adjacent work by other trades is complete.

	1.09 WARRANTY
	A. Provide a certificate of guarantee against defects in materials or workmanship for a period of 2 years following substantial completion and acceptance by the owner.

	1.10 PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION
	A. Install anchors and/or post bases in concrete in compliance with the requirements of this Section and Section 05120.
	B. Install anchors and/or post bases on miscellaneous metals in compliance with the requirements of this Section and pertinent sections in Division 5.

	1.11 DEFINITIONS
	A. Guardrail:  A protective railing adjacent to a change in height in a structure.  Used also at the open sides of stairways.
	B. Handrail:  A horizontal or sloped single rail system supported by balusters or wall brackets.


	Part 2: PRODUCTS
	2.01 WELDED ALUMINUM RAILING SYSTEM
	A. Section Properties
	1. Aluminum posts shall be nominal 1-1/2-in diameter schedule 80 pipe. Aluminum rails shall be nominal 1-1/2-in diameter schedule 40 pipe. All connections shall be welded. Heights and post mountings shall be as shown on the drawings. System shall comp...

	B. Materials
	1. Aluminum alloy shall be 6063-T6 or 6061-T6.
	2. Fastening hardware shall be Type 304 stainless steel supplied by the handrail manufacturer.
	3. Safety gates, aluminum pipe as specified for rails and posts.  Provide self-closing gate with aluminum or stainless steel hinges and a stainless steel spring closer and latch.
	4. Safety chains where indicated on the Drawings or required shall be fabricated from a minimum 17/64-in diameter aluminum rod and attached to posts with stainless steel hooks. 3/16-in stainless steel chain may be used in lieu of aluminum.
	5. Toeboards. Extruded 4-in channel-shaped for straight and 4-in flat bar for circular installations fabricated of aluminum alloy 6063-T6 as shown on the Drawings installed with not more than 1/4-in clearance above the floor level as prescribed by OSH...
	6. All railing, posts and toeboards and exposed aluminum shall be anodized with an architectural Class I satin finish providing a minimum coating thickness of 0.7 mils and a minimum coating weight of 32 milligrams per square inch in compliance with AA...


	2.02 PVC SLEEVES
	A. PVC sleeve embeds shall be fabricated of 3-in Schedule 40 PVC pipe.

	2.03 FABRICATION
	A. The railing system fabricator shall be responsible for design of a system adequate to conform to the requirements of OSHA, applicable local building codes and the detailed requirements of the Drawings and as specified herein.
	B. Post spacing shall not exceed that noted on the Drawings nor the requirements of OSHA nor a maximum of 6-ft-0-in on center.  Provide uniform post spacing adequate to resist the loads specified in Paragraph 1.05 above. Shorter spacing may be used at...
	C. Field splices and expansion joints shall have internal sleeves.  Accurately form components to each other and to the structure with tightly fitted joints providing smooth transitions.
	D. Make provision for thermal movements of the rails and toeboards.  Provide expansion joints at not more than 24-ft on center unless the manufacturer recommends a closer spacing.
	E. Make provisions for removable railing sections where indicated on the Drawings.
	F. Provide 3/16-in weep holes located 1/4-in to 3/4-in above the grout line for posts set in grout or concrete.
	G. Supply components required to anchor fabrications to the structures.  Support handrails from structural members using approved sockets, flanges, brackets, or other means which provide neat and substantial support.
	H. All railing surfaces and anchorage systems in contact with concrete or dissimilar metals shall receive one applied coat of zinc chronate to a dry film thickness of 10 mils.
	I. For welded systems, continuously seal joined pieces by continuous welds.


	Part 3: EXECUTION
	3.01 EXAMINATION
	A. Verify that field conditions are acceptable and are ready to receive work prior to commencing installation.

	3.02 PREPARATION
	A. Supply items required to be cast into concrete, embedded in masonry, and/or placed in partitions with setting templates, to appropriate trades for installation under other Sections.

	3.03 INSTALLATION
	A. Install railings in compliance with manufacturer's instructions.
	B. Install components plumb and in line, accurately fitted, free from distortion or defects and securely anchored to the structure.
	C. Provide anchors, plates, angles, etc, required for connecting railings to structure.
	D. Accurately cut rail and toeboard to be field-cut and attached to posts in full compliance with the manufacturers instructions.

	3.04 ERECTION TOLERANCES
	A. Maximum variation from plumb shall be 1/4-in.
	B. Maximum offset from true alignment for every 50-ft length of railing shall be 1/4-in, non-cumulative.



	07900
	JOINT SEALANTS
	Part 1: GENERAL
	1.01 SECTION INCLUDES
	A. Seal the following where they occur in the Work:
	1. Joints – Interior and exterior joints in floors, walls, and soffits between dissimilar materials and systems, and control the expansion joints within single systems including, but not limited to joints between:
	a. Exterior – Opening frame heads, jambs, and sills; wall control and expansion joints; masonry coping, sill, tread and riser head joints; surface flashing receivers to walls; joints at changes in wall material or systems; concrete and paver control a...
	b. Interior – Exterior wall opening frame heads, jambs, and sills; floor, wall and soffit control and expansion joints not provided with covers.

	2. Beads – Counter and cabinet top splashes and fonts to walls; cabinet and shelf unit bodies to wall; plumbing fixtures to floor and walls; wall mirror bottoms to counter or splash tops; opening frame heads and jambs butted in partition openings; ope...
	3. Individual sealing of joints between members and within assemblies of systems shall be provided in the system in accordance with this section, including, but not limited to joints between:
	a. Window, window wall, storefront and skylight members.
	b. Prefabricated wall panels.
	c. Metal roof and wall panels, and windows, window walls, storefronts, doors and other openings made a part of a complete metal wall system.
	d. Glass and other panels and the framing member of glazing systems.
	e. Glass and glass in structural glazing systems.



	1.02 MEASUREMENT AND PAYMENTS
	A. No separate payment will be made for work performed under this Section. Include the cost for this work in the lump sum Stipulated Price in Section 00410, Part B, Paragraph A.

	1.03 SUBMITTALS
	A. Conform to procedures specified in Section 01330 – Submittals and the requirements below.
	1. List of products – List of all classes of joints to be sealed with Product proposes for each class as specified under Product Selection.
	2. Product data – For each product in the list of products above, showing recommendation for use in the class proposed and preparation and installation in instructions.
	3. Manufacturer’s certificates of compliance.


	1.04 QUALITY ASSURANCE
	A. Manufacturer: Company specializing in manufacturing the products specified in this Section with minimum three years documented experience.
	B. Applicator: Company specializing in applying the work of this Section with minimum three years documented experience and approved by sealant manufacturer.
	C. Conform to Sealant and Waterproofers Institute requirements for materials and installation.

	1.05 SPECIAL WARRANTY
	A. Duration 5 years minimum. The Contractor shall provide the City (Wastewater Operations) with a certificate accepting responsibility for the items covered in the scope of this specification. The certificate shall be dated five years from the date of...

	1.06 DEFECTS
	A. Stress relation or compression set (failure to recover from stretch or squeeze) and any type of leak or loosening or tearing of sealant will be considered among defects to be corrected by replacement.

	1.07 RELATION WITH OTHER SECTIONS
	A. Unless otherwise shown, sealant installation shall follow field painting completion with preparation of the painted joint surface as required for bond.


	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS/PRODUCTS
	A. Subject to compliance with these specifications, or approved equal unless otherwise shown.

	2.02 LIQUID SEALANTS
	A. Shall be one part Federal Specification TT-S-00230 or multipart Federal Specification TT-S-00227, Type I (self leveling) or Type II (non-sag) Class A (50% total joint deformation) or Class B (25% total joint deformation) as specified or required, i...

	2.03 FIRE RATED SEALANT SYSTEMS
	A. For joints thru fire rated walls – System of joint packing with Class A sealant both sides full length of joint, UL rated to match the jointed construction rating.
	1. Submit systems for review.


	2.04 JOINT BACKERS
	A. Round rod – Closed cell polyethylene or open cell polyurethane product conforming to the sealant manufacturers published recommendations for each sealant use, in various sizes 25% larger than the greatest actual dimension of the joints filled.
	B. Rectangular tape – Closed cell adhesive backed PVC or polyurethane tape with release paper face in various thicknesses and widths to adjust shallow joint depths to required sealant depth.
	1. Norton – Norseal V 700 Series

	C. Bond breaker tape – Heavy weight adhesive backed polyethylene product conforming to sealant manufacturers’ published recommendations.

	2.05 PRODUCT SELECTION
	A. A schedule of joint classifications according to materials joined, width, anticipated temperature range and movement, and conditions of wear and exposure, made applicable to identified project joints, shall be submitted, with product recommendation...
	1. For joints in vertical, sloped, and overhead surfaces and short joints in horizontal surfaces such a coping, tread and riser, and sill head joints, use Type II (non-sag). For longer joints in horizontal surfaces, use Type I (self leveling).
	2. Polyurethane and polysulfide shall be two parts products. One-part products may be approved for uses where the total requirement is less than the minimum two-part product package.
	3. Only silicone, polyurethane or polysulfide for exterior work including joints within open structures such as parking garages, etc.
	4. Only white mildew-proof silicone for china and enameled plumbing fixtures, and lavatory and sink countertops and splashes.
	5. Only clear silicone for stainless steel fixtures, countertops and splashes.
	6. Only polyurethane for joints 1 inch and wider.
	7. Only epoxy sealant for joints
	8. Only Performed Sealants in joints shown.
	9. Only products specifically recommended for use in vehicular including aircraft pavements, for intermittent or continuous submergence, and for use in specific locations subject to chemical exposures.
	10. Only compatible products in contact.
	11. Only products of one manufacturer for differing sealants in any one joined material combination for color match.

	B. Anticipation project joint movements shall be supported by calculations or identification in manufacturers published selection graphs, or selection may be as follows.
	1. For all exterior joints and interior sides of expansion joints, sealant capable of 50% total joint deformation.
	2. For interior control joints and interior head jamb and still joints of windows storefront window wall etc., sealant capable of 25% total joint deformation.
	3. For interior sealant beads, sealant capable of 10% total joint deformation.



	Part 3: – EXECUTION
	3.01 PREPARATION
	A. Cleaning: Remove oil, grease, and foreign or loose material from joint surfaces. Clean non-porous surfaces with oil-free solvents such as Tuluol, methyl ethyl ketone, or a mixture of equal parts of xylol and acetone. Remove lacquer from aluminum su...
	B. Joint filler:
	1. Round backer rod – Position in open bottom joints to provide for specific depth of compound. Install without stretching or crushing to form a continuous smooth surface at required depth adjusted to changing width as found.
	2. Backing tape – Required under Sealant where depth of joint will not accept backer rod or rectangular tape. Cover surface at back of joint with Backing Tape to form a continuous bond breaker between sealant and the back surface of the joint. Protect...
	3. Backing Tape – Required under Sealant where depth of joint will not accept backer rod or rectangular tape. Cover surface at back of joint with Backing Tape to form a continuous bond breaker between sealant and the back surface of the joint. Protect...

	C. Primer: Comply with compound manufacturer’s recommendations for type of primer and its application for the sealant and substrate materials involved.

	3.02 APPLICATION
	A. Liquid Sealant:
	1. Depth of compound – Half the joint width, but not less than ¼ inch or greater than 1 inch, or as recommended by manufacturer.
	2. Application – Mask both sides of joints for non-sag compound as required, using heavy square edge tape at sheet metal butt joints to achiever 1/8 inch minimum depth. Apply with cartridge type gun, keeping nozzle tip deep in joint to force compound ...
	3. Mask both sides of joint for self-leveling compound and pour or gun into the joint and recess to a flat surface 1/16 inch (+/-) below the surfaces.
	4. In joints with bullnose, beveled or irregular edges, recess sealant to the top of the uniform cross section.
	5. Finish with recommended tools and lubricants to force compound into the joint cavity and as necessary to assure wetting of entire bonding surface. Form flat joints slightly concave. Smooth bevels and beads.
	6. Tape – Remove masking tape as soon as the joint has cured sufficiently to release from the tape without damage.
	7. Double line sealant systems – For precast concrete wall joints install backer rod at inside face of panels and apply sealant from outside with long nozzle gun. Turn bottom of deal out to face of the wall panel at supporting shelves, leaving a weep ...

	B. Preformed Sealant: Release from precompression and adhere material to one side of the joint at least 1/8 in. behind deepest surface. Monitor expansion and replace sections failing to fully close joint with wider material. Make corners according to ...
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	09905
	PAINTING AND PROTECTIVE COATINGS
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. High performance industrial coatings (HPIC).
	2. Any other coating, thinner, accelerator, inhibitor, etc., specified or required as part of a complete System specified in this Specification Section.
	3. Minimum surface preparation requirements.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 01 - General Requirements.
	3. Section 05501 - Metal Fabrications.
	4. Section 10400 - Identification Devices.
	5. Section 11005 - Equipment:  Basic Requirements.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. D4258, Standard Practice for Surface Cleaning Concrete for Coating.
	b. D4259, Standard Practice for Abrading Concrete.
	c. D4261, Standard Practice for Surface Cleaning Concrete Unit Masonry for Coating.
	d. D4262, Standard Test Method for pH of Chemically Cleaned or Etched Concrete Surfaces.
	e. D4263, Standard Test Method for Indicating Moisture in Concrete by the Plastic Sheet Method.
	f. E84, Standard Test Method for Surface Burning Characteristics of Building Materials.

	2. {NACE International (NACE).}
	3. National Association of Pipe Fabricators (NAPF):
	a. 500-03, Surface Preparation Standard for Ductile Iron Pipe and Fittings in Exposed Locations Receiving Special External Coatings and/or Special Internal Linings:
	1) 500-03-04, Abrasive Blast Cleaning for Ductile Iron Pipe.
	2) 500-03-05, Abrasive Blast Cleaning for Cast Ductile Iron Fittings.


	4. National Bureau of Standards (NBS):
	a. Certified Coating Thickness Calibration Standards.

	5. National Fire Protection Association (NFPA):
	a. 101, Life Safety Code.

	6. NSF International (NSF).
	7. Steel Door Institute/American National Standards Institute (SDI/ANSI):
	a. A250.10, Test Procedure and Acceptance Criteria For Prime Painted Steel Surfaces for Steel Doors and Frames.

	8. The Society for Protective Coatings (SSPC):
	a. PA 2, Measurement of Dry Coating Thickness with Magnetic Gages.
	b. SP 1, Solvent Cleaning.
	c. SP 2, Hand Tool Cleaning.
	d. SP 3, Power Tool Cleaning.
	e. SP 16, Brush-off Blast Cleaning of Coated and Uncoated Galvanized Steel, Stainless Steels, and Non-Ferrous Metals.

	9. The Society for Protective Coatings/NACE International (SSPC/NACE):
	a. SP 5/NACE No. 1, White Metal Blast Cleaning.
	b. SP 6/NACE No. 3, Commercial Blast Cleaning.
	c. SP 7/NACE No. 4, Brush-off Blast Cleaning.
	d. SP 10/NACE No. 2, Near-White Blast Cleaning.
	e. SP 12/NACE No. 5, Surface Preparation and Cleaning of Steel and Other Hard Materials by High and Ultrahigh Pressure Water Jetting Prior to Recoating.
	f. SP 13/NACE No. 6, Surface Preparation of Concrete.


	B. Qualifications:
	1. Coating manufacturer's authorized representative shall provide written statement attesting that applicator has been instructed on proper preparation, mixing and application procedures for coatings specified.
	2. Applicators shall have minimum of 10 years experience in application of similar products on similar project.
	a. Provide references for minimum of three (3) different projects completed in last five (5) years with similar scope of work.
	b. Include name and address of project, size of project in value (painting) and contact person.


	C. Miscellaneous:
	1. Furnish paint through one manufacturer unless noted otherwise.
	2. Coating used in all corridors and stairways shall meet requirements of NFPA 101 and ASTM E84.

	D. Deviation from specified mil thickness or product type is not allowed without written authorization of Engineer.
	E. Material shall not be thinned unless approved, in writing, by paint manufacturer's authorized representative.

	1.03 DEFINITIONS
	A. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.

	B. Approved Factory Finish:  Finish on a product in compliance with the finish specified in the Specification Section where the product is specified or in Specification Section 11005.
	C. Corrosive Environment:  Immersion in, or not more than 6 IN above, or subject to condensation, spillage or splash of a corrosive material such as water, wastewater, or chemical solution; or exposure to corrosive, caustic or acidic agent, chemicals,...
	D. Highly Corrosive Environment:  Immersion in, or not more than 6 IN above, or subject to condensation, spillage or splash of a highly corrosive material such as water, wastewater, or chemical solution; or exposure to highly corrosive, caustic or aci...
	E. Exposed Exterior Surface:
	1. Surface which is exposed to weather but not necessarily exposed to view as well as surface exposed to view.
	2. Exterior surfaces are considered corrosive environment.
	a. The following areas are considered highly corrosive:
	1) All chemical unloading stations and areas within 10 FT-0 IN of containment areas.
	2) All chemical unloading station containment areas.
	3) All areas within a 6 FT radius of chemical tank vents.



	F. Finished Area:  An area that is listed in or has finish called for on Room Finish Schedule or is indicated on Drawings to be painted.
	G. Immersion Surface:
	1. Any surface immersed in water or some other liquid.
	2. Surface of any pipe, valve, or any other component of the piping system subject to condensation including the pipe support system.

	H. Paint includes the following:
	1. High performance industrial coatings (HPIC) include:  Epoxies, urethanes, vinyl ester, waterborne vinyl acrylic emulsions, acrylates, silicones, alkyds, acrylic emulsions and any other coating listed as a HPIC.

	I. Surface Hidden from View:  Surfaces such as those within pipe chases, surfaces between top side of ceilings (including drop-in tile ceilings) and underside of floor or roof structures above, surfaces under overhanging walkways if over five feet abo...
	J. AP:  Architectural paints.
	K. HPIC:  High performance industrial coatings.
	L. SC:  Special coatings.

	1.04 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01340 for requirements for the mechanics and administration of the submittal process.
	2. Applicator experience qualifications.
	a. No submittal information will be reviewed until Engineer has received and approved applicator qualifications.

	3. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's application instructions.
	c. Manufacturer's surface preparation instructions.
	d. If products being used are manufactured by Company other than listed {in the MATERIALS Article of this Specification Section}, provide complete individual data sheet comparison of proposed products with specified products including application proc...
	e. Contractor's written plan of action for containing airborne particles created by blasting operation and location of disposal of spent contaminated blasting media.
	f. Coating manufacturer's recommendation on abrasive blasting.
	g. Manufacturer's recommendation for universal barrier coat.
	h. Manufacturer's recommendation for providing temporary or supplemental heat or dehumidification or other environmental control measures.

	4. Manufacturer's statement regarding applicator instruction on product use.
	5. Certification that High Performance Coating Systems proposed for use have been reviewed and approved by Senior Corrosion Specification Specialist employed by the coating manufacturer.

	B. Samples:
	1. Manufacturer's full line of colors for Engineer's preliminary color selection.
	2. After preliminary color selection by Engineer provide two 3 x 5 IN samples of each final color selected.

	C. Informational Submittals:
	1. See Specification Section 01340 for requirements for the mechanics and administration of the submittal process.
	2. Approval of application equipment.
	3. Applicator's daily records:
	a. Submit daily records at end of each week in which painting work is performed unless requested otherwise by Engineer's on-site representative.



	1.05 DELIVERY, STORAGE, AND HANDLING
	A. Deliver in original containers, labeled as follows:
	1. Name or type number of material.
	2. Manufacturer's name and item stock number.
	3. Contents, by volume, of major constituents.
	4. Warning labels.
	5. VOC content.



	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, only the following manufacturers are acceptable:
	1. High performance industrial coatings:
	a. Tnemec.
	b. ICI Devoe.
	c. Carboline Protective Coatings.
	d. Sherwin Williams.
	e. PPG Industries/Amercoat.


	B. Submit request for substitution in accordance with Specification Section 01640.
	1. Product VOC content will be an important factor when determining acceptability of substitution.


	2.02 MATERIALS
	A. For unspecified materials such as thinner, provide manufacturer's recommended products.
	B. Paint Systems - General:
	1. P = prime coat.
	2. F1, F2 . . . Fn = first finish coat, second finish coat . . . . nth finish coat, color as selected by Engineer.
	3. If two (2) finish coats of same material are required, Contractor may, at his option and by written approval from paint manufacturer, apply one (1) coat equal to mil thickness of two (2) coats specified.

	C. HPIC products listed in the MATERIALS Article, Paint Systems paragraph are manufactured by Tnemec.
	1. Products of other listed manufacturers are acceptable for use providing the product is of the same generic resin, requires comparable surface preparation, has comparable application requirements, meets the same VOC levels or better, provides the sa...

	D. Paint Systems (Systems not shown are not used):
	1. HPIC SYSTEM #1 - Polyamidoamine Epoxy Primer with Polyamidoamine Epoxy or Waterborne Acrylic Polyurethane Finish Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 3 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).

	b. Finish coat(s):
	1) Interior:
	a) F1 = 1 coat, 3 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).
	b) F2 = 1 coat, 3 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).

	2) Exterior:
	a) F1 = 1 coat, 3 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).
	b) F2 = 1 coat, 2.5 mils, Series 1080 Endura-Shield. W.B.(Waterborne Acrylic Polyurethane).



	2. HPIC SYSTEM #2 - Zinc-Rich Urethane Primer with Polyamidoamine Epoxy or Waterborne Acrylic Polyurethane Finish Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 3.5 mils, Series 90-97 Tneme-Zinc (Zinc-Rich Urethane).

	b. Finish coat(s):
	1) Interior:
	a) F1 = 1 coat, 6 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).

	2) Exterior:
	a) F1 = 1 coat, 6 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).
	b) F2 = 1 coat, 2.5 mils, Series 1080 Endura-Shield W.B.(Waterborne Acrylic Polyurethane).



	3. HPIC SYSTEM #3 - Polyamidoamine Epoxy Primer with Polyamidoamine Epoxy or Waterborne Acrylic Polyurethane Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 5 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).

	b. Finish coat(s):
	1) Interior:
	a) F1 = 1 coat, 5 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).

	2) Exterior:
	a) F1 = 1 coat, 2.5 mils, Series 1080 Endura-Shield W.B. (Waterborne Acrylic Polyurethane).



	4. HPIC SYSTEM #4 - Zinc-Rich Urethane Primer with Polyamidoamine Epoxy or Waterborne Acrylic Polyurethane Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 2.5 mils, Series 90-97 Tneme-Zinc (Zinc-Rich Urethane).

	b. Finish coat(s):
	1) Interior:
	a) F1 = 1 coat, 3 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).

	2) Exterior:
	a) F1 = 1 coat, 2.5 mils, Series 1080 Endura-Shield W.B. (Waterborne Acrylic Polyurethane).



	5. HPIC SYSTEM #5 - Modified Polyamidoamine Epoxy Primer with Polyamidoamine Epoxy or Waterborne Acrylic Polyurethane Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 2.0 mils, Series 135 Chembuild (Modified Polyamidoamine Epoxy).

	b. Finish coat(s):
	1) Interior:
	a) F1 = 1 coat, 2.5 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).

	2) Exterior:
	a) F1 = 1 coat, 2.0 mils, Series 1080 Endura-Shield W.B. (Waterborne Acrylic Polyurethane).



	6. HPIC SYSTEM #5.1 - Cycloaliphatic Amine Epoxy Primer with Aliphatic Polyester Polyurethane Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 10 mils, Series 104 H.S. Epoxy (Amine Epoxy).

	b. Finish coat:
	1) F1 = 1 coat, 3.0 mils, Series 290 CRU (Aliphatic Polyester Polyurethane).


	7. HPIC SYSTEM #6 - Modified Polyamidoamine Epoxy Primer with Polyamidoamine Epoxy or Waterborne Acrylic Polyurethane Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 3 mils, Series 135 Chembuild (Modified Polyamidoamine Epoxy).

	b. Finish coat(s):
	1) Interior:
	a) F1 = 1 coat, 4 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).

	2) Exterior:
	a) F1 = 1 coat, 3 mils, Series 1080 Endura-Shield W.B. (Waterborne Acrylic Polyurethane).



	8. HPIC SYSTEM #7 - Zinc-Rich Urethane Primer with Polyamidoamine Epoxy or Waterborne Acrylic Polyurethane Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 2.5 mils, Series 90-97 Tneme-Zinc (Zinc-Rich Urethane).

	b. Finish coat(s):
	1) Interior:
	a) F1 = 1 coat, 5 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).

	2) Exterior:
	a) F1 = 1 coat, 3.0 mils, Series 1080 Endura-Shield W.B. (Waterborne Acrylic Polyurethane).



	9. HPIC SYSTEM #8 - Air Dry Silicone Copolymer Primer with Silicone Copolymer Top Coat.
	a. Prime coat:
	1) P1 = 1 coat, 2.0 mils, Dampney Thurmalox 260C Series (Air Dry Silicone Copolymer).

	b. Finish coat:
	1) Interior or exterior:
	a) F1 = 1 coat, 2.0 mils, Dampney Thurmalox 260C Series (Air Dry Silicone Copolymer).



	10. HPIC SYSTEM #9 - Modified Polyamidoamine Epoxy.
	a. Prime coat:
	1) P1 = 1 coat, 3 mils, Series 135 Chembuild (Modified Polyamidoamine Epoxy).


	11. HPIC SYSTEM #10 - Modified Silicone Co-Polymer Primer with Modified Silicone Co-Polymer Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 4.0 to 5.0 mils, Dampney Thurmalox 225 HD (Modified Silicone Co-Polymer).

	b. Finish coat(s):
	1) F1 = 1 coat, 2.5 to 3.0 mils, Dampney Thurmalox 230C.


	12. HPIC SYSTEM #11 - Zinc-Rich Aromatic Urethane Primer.
	a. Prime coat:
	1) P1 = 1 coat, 3.0 mils, 90-97 Tneme-Zinc (Zinc-Rich Urethane).


	13. HPIC SYSTEM #12 - HDP Acrylic Polymer Primer and Top Coat.
	a. Prime coat:
	1) P1 = 1 coat, 2.5 mils, Series1029 Enduratone (HDP Acrylic Polymer).

	b. Finish coat:
	1) Interior:
	a) F1 = 1 coat, 2.5 mils, Series1029 Enduratone (HDP Acrylic Polymer).



	14. HPIC SYSTEM #13 - Modified-Acrylate Elastomer Primer and Top Coat.
	a. Prime coat:
	1) P1 = 1 coat, 8 mils, Series 156 Enviro-Crete (Modified-Acrylate Elastomer).

	b. Finish coat:
	1) Exterior:
	a) F1 = 1 coat, 8 mils, Series 156 Enviro-Crete (Modified-Acrylate Elastomer).



	15. HPIC SYSTEM #14 - Waterborne Modified Polyamine Epoxy Primer with Specialized Acrylate Waterborne Top Coats.
	a. Prime coat:
	1) P1 = 1 coat, 1.5 mils, Series 151 Elasto-Grip FC (Waterborne Modified Polyamine Epoxy).

	b. Finish coat(s):
	1) Interior:
	a) F1 = 1 coat, 6.5 to 7.5 mils, Series 158 Bio-Lastic (Specialized Waterborne Acrylate).
	b) F2 = 1 coat, 6.5 to 7.5 mils, Series 158 Bio-Lastic (Specialized Waterborne Acrylate).



	16. HPIC SYSTEM #15 - Polyamidoamine Epoxy Primer with Polyamidoamine Epoxy Top Coat.
	a. Prime coat:
	1) P1 = 1 coat, 4 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).

	b. Finish coat:
	1) Interior:
	a) F1 = 1 coat, 6 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).
	b) F2 = 1 coat, 6 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).



	17. HPIC SYSTEM #16 - Polyamidoamine Epoxy Prime and Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 80 to 110 SF/GAL/coat, Series L69 Epoxoline (Polyamidoamine Epoxy).

	b. Finish coat(s):
	1) Interior:
	a) F1 = 1 coat, 175-200 SF/GAL/coat, Series L69 Epoxoline (Polyamidoamine Epoxy).



	18. HPIC SYSTEM #17 - Acrylic Emulsion Primer with Acrylic Emulsion Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 60 to 90 SF/GAL/coat, Series 180 W.B. Tneme-Crete (Acrylic Emulsion).

	b. Finish coat(s):
	1) Exterior:
	a) F1 = 1 coat, 125 to 150 SF/GAL/coat, Series 180 W.B. Tneme-Crete (Acrylic Emulsion).



	19. HPIC SYSTEM #18 - Modified Alkyd Primer with HDP Acrylic Polymer Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 2.5 mils, Series V10 Tnemec Primers (Modified Alkyd).

	b. Finish coat(s):
	1) Interior or exterior:
	a) F1 = 1 coat, 2.5 mils, Series 1029 Enduratone (HDP Acrylic Polymer).
	b) F2 = 1 coat, 2.5 mils, Series 1029 Enduratone (HDP Acrylic Polymer).



	20. HPIC SYSTEM #19 - Polyamidoamine Epoxy Coating.
	a. Prime coat:
	1) P1 = 1 coat, 5 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).


	21. HPIC SYSTEM #21 - Modified Polyamidoamine Epoxy.
	a. Prime coat:
	1) P1 = 1 coat, 5 mils, 135-1243 Chembuild (Modified Polyamidoamine Epoxy).


	22. HPIC SYSTEM #22 - Modified Polyamine Epoxy Primer with Modified Polyurethane Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 16 mils, Series 22 Pota-Pox 100 (Modified Polyamine Epoxy).

	b. Finish coat(s):
	1) Interior:
	a) F1 = 1 coat, 25 mils, Series 264 Elasto-Shield (Modified Polyurethane).
	b) F2 = 1 coat, 25 mils, Series 264 Elasto-Shield (Modified Polyurethane).



	23. HPIC SYSTEM #23 - Zinc-Rich Urethane Potable Water Approved Primer with Polyamine Epoxy Potable Water Approved Top Coats.
	a. Prime coat:
	1) P1 = 1 coat, 3 mils, Series 91 H20 Hydro-Zinc (Zinc-Rich Urethane).

	b. Finish coat(s):
	1) Interior:
	a) F1 = 1 coat, 25 mils, Series 22 Pota-Pox 100 (Modified Polyamine Epoxy).



	24. HPIC SYSTEM #24 - Vinyl Ester Primer with Vinyl Ester Top Coat.
	a. Prime coat:
	1) P1 = 1 coat, 17 mils, Series 120-5002 Vinester (Vinyl Ester).

	b. Finish coat:
	1) F1 = 1 coat, 17 mils, Series 120-5001 Vinester (Vinyl Ester).


	25. HPIC SYSTEM #27 - Waterborne Acrylic Emulsion Prime and Top Coats.
	a. Prime coat:
	1) P1 = 1 coat, 80 to 110 SF/GAL/coat, Series 180, W.B. Tneme-Crete (Acrylic Emulsion).

	b. Finish coat:
	1) Exterior:
	a) F1 = 1 coat, 175 to 200 SF/GAL/coat, Series 180, W.B. Tneme-Crete (Acrylic Emulsion).



	26. HPIC SYSTEM #29 - Waterborne Epoxy-Amine Adduct Primer and Top Coat.
	a. Prime coat:
	1) P1 = 1 coat, 4 mils, Series 287 Enviro-Tread (Waterborne Epoxy-Amine Adduct).

	b. Finish coat:
	1) Interior:
	a) F1 = 1 coat, 4 mils, Series 287 Enviro-Tread (Waterborne Epoxy-Amine Adduct).



	27. HPIC SYSTEM #31 - Polyamidoamine Epoxy Primer and Intermediate Coat with Waterborne Polyester Polyurethane Top Coat with Glass Beads mixed in for slip resistance.
	a. Prime coat:
	1) P1 = 4 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).

	b. Finish coats:
	1) Exterior and interior:
	a) F1 = 4 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).
	b) F2 = 3 mils minimum (thickness as required to cover glass beads), Series 291 CRU (Waterborne Polyester Polyurethane).


	c. Slip resistance:
	1) Blend coarse glass beads into first finish coat (F1) at rate required to provide a medium slip resistant texture.
	a) Refer to accepted mock-up panel.

	2) Apply second finish coat (F2) at minimum 3 mil DFT.
	a) Apply additional coats of F2 product as required to achieve the non-slip texture per the accepted mock-up panel.


	d. Glass beads:  TNEMEC Product #211-212 Coarse Glass Beads.

	28. HPIC SYSTEM #32 - Waterborne Cementitious Acrylic Patching Compound/Filler with Polyamidoamine Epoxy Top Coat.
	a. Patching/filling coat:
	1) P/F1 = 1 coat, 60 to 80 SF/GAL/coat, Series 130 Envirofill (Waterborne Cementitious Acrylic).

	b. Finish coat:
	1) Interior:
	a) F1 = 1 coat, 175 to 200 SF/GAL/coat, Series L69 Epoxoline (Polyamidoamine Epoxy).
	b) F2 = 1 coat, 175 to 200 SF/GAL/coat, Series L69 Epoxoline (Polyamidoamine Epoxy).



	29. HPIC SYSTEM #33 - Waterborne Vinyl Acrylic Primer with Water-base Acrylic-Emulsion Top Coat.
	a. Prime coat(s):
	1) P1 = 1 coat, 2.0 mils, Series 51-792 PVA Sealer.

	b. Finish coat(s):
	1) Interior and exterior:
	a) F1 = 1 coat, 2.5 mils, Series 6 Tneme-Cryl.



	30. HPIC SYSTEM #34 - Polyamidoamine Epoxy Primer with Polyamidoamine Epoxy Top Coat (with silica sand broadcast for slip resistance).
	a. Prime coat:
	1) P1 = 1 coat, 5 mils, Series L69 Epoxoline II.

	b. Slip resistance:
	1) Blend dry, washed 30 to 50 mesh silica sand into first finish coat (F1) at rate required to provide a {light} {medium} {heavy} slip resistant finish.

	c. Finish coat:
	1) F1 = 1 coat, 4 mils, Series L69 Epoxoline II.
	2) F2 = 1 coat, Series L69 Epoxoline II.
	a) F2 coat mil thickness is to be as required to achieve non-slip texture specified.



	31. HPIC SYSTEM #35 - Polyamine Novolac Epoxy Primer with Polyamine Novolac Epoxy Top Coat.
	a. Prime coat:
	1) P1 (horizontal surface) = 1 coat, 10 to 12 mils, Series 282 Tneme-Glaze.
	2) P1 (vertical surface) = 1 coat, 8 to 10 mils, Series 282 Tneme-Glaze.

	b. Finish coat:
	1) F1 (horizontal surface) = 1 coat, 10 to 12 mils, Series 282 Tneme-Glaze.
	2) F1 (vertical surface) = 1 coat, 8 to 10 mils, Series 282 Tneme-Glaze.


	32. HPIC SYSTEM #36 - Epoxy Modified Surfacer/Filler with Polyamine Novolac Epoxy Top Coats.
	a. Filler/surfacer coat:
	1) Filler = 1 coat, 0.0625 IN thick, Series 218 Mortar Clad.

	b. Prime coat:
	1) P1 (horizontal surface) = 1 coat, 10 to 12 mils, Series 282 Tneme-Glaze.
	2) P1 (vertical surface) = 1 coat, 6 to 8 mils, Series 282 Tneme-Glaze.

	c. Finish coat:
	1) F1 (horizontal surface) = 1 coat, 10 to 12 mils, Series 282 Tneme-Glaze.
	2) F1 (vertical surface) = 1 coat, 6 to 8 mils, Series 282 Tneme-Glaze.


	33. HPIC SYSTEM #37 - Modified Polyamine Epoxy Primer with Modified Aliphatic Amine Epoxy Mortar Intermediate Coat and Modified Polyamine Epoxy Top Coat(s) - (Over New Concrete).
	a. Prime coat:
	1) P1 = 1 coat, 6 mils, Series 201 Epoxoprime (Modified Polyamine Epoxy).

	b. Intermediate coat:
	1) I1 = 1 coat, 1/8 IN or 125 mils, Series 434 Perma-Shield H2S (Modified Aliphatic Amine Epoxy Mortar).

	c. Finish coat:
	1) F1 = 1 coat, 20 mils, Series 435 Perma-Glaze (Modified Polyamine Epoxy).


	34. HPIC SYSTEM #38 - Modified Polyamine Epoxy Primer with Epoxy Modified Mortar Filler/Surfacer Repair Coat with Modified Aliphatic Amine Epoxy Mortar Intermediate Coat and Modified Polyamine Epoxy Top Coat(s) - (Over Existing Concrete).
	a. Prime coat - for exposed reinforcing steel (when applicable):
	1) P1 = Prime all exposed reinforcing, 1 coat, 4 mils, Series L69 Epoxoline (Polyamidamine Epoxy).

	b. Filler/surfacer (for voids over 1/4 IN in depth):
	1) Filler/surfacer:  1 coat, thickness as required to patch damaged area but not to exceed manufacturer's recommended thickness, Series 219 Mortar Cast (Water Based Epoxy Modified Cement).

	c. Filler/surfacer (for voids up to 1/4 IN in depth):
	1) Filler/surfacer:  1 coat, thickness as required to patch damaged area but not to exceed 1/4 IN, Series 218 Mortar Clad (Epoxy Modified Mortar).

	d. Prime coat:
	1) P1 = 1 coat, 6 mils, Series 201 Epoxoprime (Modified Polyamine Epoxy).

	e. Intermediate coat:
	1) I1 = 1 coat, 1/8 IN or 125 mils, Series 434 Perma-Shield H2S (Modified Aliphatic Amine Epoxy Mortar).

	f. Finish coat:
	1) F1 = 1 coat, 20 mils, Series 435 Perma-Glaze (Modified Polyamine Epoxy).


	35. AP SYSTEM #39 - Architectural Paints (AP).
	a. Cross Linked Acrylic, PPG Manor Hall "Timeless" Series.
	b. Prime coat:
	1) P1 = 1 coat, 3 mils, Interior PVA Drywall Primer.

	c. Finish coat:
	1) Interior:
	a) F1 = 1 coat, 1.5 to 2.5 mils, PPG Manor Hall "Timeless" Series, Pearl finish.
	b) F2 = 1 coat, 1.5 to 2.5 mils, PPG Manor Hall "Timeless" Series, Pearl finish as needed for complete coverage.



	36. SC SYSTEM #40 - Special Coatings (SC).
	a. Water-based coating having pigmented resin particles suspended in an aqueous solution.
	b. Prime coat:
	1) For new gypsum board surfaces:
	a) P1 = Zo-Cryl Sealer 92.

	2) For new concrete and concrete masonry surfaces:
	a) For unfilled concrete and concrete masonry surfaces:
	(1) Zo-Cryl Sealer 92.
	(a) P1 = 1 coat, 60-80 SF/GAL, Series 54-562 Fine Masonry Filler (Modified Epoxy).


	b) For filled concrete and concrete masonry surfaces.
	(1) Zo-Prime Block Filler 96.
	(a) P2 = Z95 Primer.




	c. Finish coat:
	1) For new gypsum board surfaces:
	a) F1 = Zolatone water-based coating.
	(1) Color to be selected by Engineer.


	2) For new unfilled concrete and concrete masonry surfaces:
	a) F1 = Zolatone water-based coating.
	(1) Color to be selected by Engineer.


	3) For new filled concrete and concrete masonry surfaces:
	a) F1 = Zolatone water-based coating.
	(1) Color to be selected by Engineer.




	37. SYSTEM #41 - Touch-up of galvanized surfaces not requiring a top coat.
	a. Refer to Specification Section 05501.

	38. SYSTEM #42 - Alkyd wood stain with water-based polyurethane varnish top coats.
	a. Apply washcoat uniformly to wood at manufacturer's recommended application rate.
	b. Wood stain:  Color to be selected.
	c. First coat of water-based polyurethane varnish:  Gloss.
	d. Second coat of water-based polyurethane varnish:  Satin.
	e. Third coat of water-based polyurethane varnish:  Satin.

	39. HPIC SYSTEM #43 - Polyamidoamine Epoxy Primer with Polyamidoamine Epoxy Top Coat.
	a. Prime coat:
	1) P1 = 1 coat, 2.5 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).

	b. Finish coat:
	1) Interior:
	a) F1 = 1 coat, 3 mils, Series L69 Epoxoline (Polyamidoamine Epoxy).



	40. HPIC SYSTEM #44 - Hydrophobic Aromatic Moisture-Cured Polyurethane Primer with Hydrophobic Aromatic Moisture-Cured Polyurethane Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 5 mils, Series 446 Perma-Shield-MCU (Hydrophobic Aromatic Moisture-Cured Polyurethane).

	b. Finish coat(s):
	1) F1 = 1 coat, 8 mils, Series 446 Perma-Shield-MCU.
	2) F2 = 1 coat, 8 mils, Series 446 Perma-Shield-MCU.


	41. HPIC SYSTEM #46 - Modified Aromatic Polyurethane Primer with Hydrophobic Aromatic Moister-Cured Polyurethane Top Coat(s).
	a. Prime coat:
	1) P1 = 1 coat, 4 mils, Series 1 Omnithane (Modified Aromatic Polyurethane Primer).

	b. Finish coat(s):
	1) F1 = 1 coat, 8 mils, Series 446 Perma-Shield-MCU.
	2) F2 = 1 coat, 8 mils, Series 446 Perma-Shield-MCU.





	Part 3: EXECUTION
	3.01 ITEMS TO BE PAINTED
	A. General:
	1. Paint the following surfaces in a corrosive or highly corrosive area, whether exposed to view or not:
	a. Concrete and/or concrete masonry units.
	b. Conduit.
	c. Ducts.
	d. Galvanized metal surfaces.


	B. Exposed Exterior Surfaces including:
	1. Concrete surfaces in new containment areas per Section 09840.
	2. Piping, valves, fittings, and hydrants.
	3. Ductwork.
	4. Conduit, device boxes, junction boxes and covers, pull boxes and covers and supports when attached to a surface required to be painted or to a prefinished surface.
	5. Exterior and interior surfaces of ferrous metal tankage as specified in Division 13.
	6. Miscellaneous ferrous metal surfaces.
	7. Hollow metal doors and frames.
	8. Steel pipe bollards (not galvanized).
	9. Steel lintels.
	10. Steel components of concrete lintels (plain or galvanized).
	a. Steel components shall be completely painted (with both prime and finish coats) prior to installing in the wall.

	11. Exposed wood.
	12. Structural steel.
	13. Steel joists (including bridging).
	14. Copper and brass surfaces.
	15. External and internal surfaces of digester covers whether sealed from direct exposure of outside atmosphere or digester atmosphere or not, and associated equipment.
	a. Internal surfaces include trusses and other inside surfaces.

	16. Gas appliance flue vents and cast iron pipe plumbing vents.

	C. Interior Finished Areas:
	1. Refer to Room Finish Schedule on Drawings.
	2. If room is scheduled in the Room Finish Schedule, the space is considered to be a finished area, therefore, paint all appurtenant surfaces within the space unless specifically noted not to be painted in the Contract Documents.
	a. If walls are not required to be painted, appurtenant concrete surfaces are not required to be painted unless specifically noted otherwise.
	b. Appurtenant surfaces include:
	1) Concrete columns, equipment pads, pipe supports, and equipment supports, underside of overhead concrete slabs which are exposed, semi-exposed or concealed from view but still exposed to the adjacent atmosphere.
	2) Piping, valves, fittings and hydrants {except when covered by pipe jacketing} {and supports}.
	a) All bituminous coated ductile iron pipe to have coating completely removed prior to painting.

	3) Miscellaneous ferrous metal surfaces.
	4) Steel lintels.
	5) Steel components of concrete lintels (plain or galvanized).
	a) Steel components shall be completely painted (with both prime and finish coats) prior to installing in the wall.




	D. Surfaces in Areas Not Considered Finished:
	a. Piping, valves, fittings, and hydrants .
	b. Miscellaneous ferrous metal surfaces.
	c. Steel lintels.
	d. Steel components of concrete lintels (plain or galvanized).
	1) Steel components shall be completely painted (with both prime and finish coats) prior to installing in the wall.

	e. Hollow metal doors and frames and borrowed lite window frames.


	3.02 ITEMS NOT TO BE PAINTED
	A. General:  Do not paint items listed in this Article unless specifically noted in the Contract Documents to be painted.
	B. Items with Approved Factory Finish:  These items may require repair of damaged painted areas or painting of welded connections.
	C. Electrical Equipment:
	1. Do not field paint electrical equipment except where painting is specifically stated elsewhere in these Contract Documents, or where the equipment is subject to a corrosive environment and is specifically noted to be painted.

	D. Other Items:
	1. Stainless steel surfaces except:
	a. Piping where specifically noted to be painted.
	b. Banding as required to identify piping.

	2. Aluminum surfaces except:
	a. Where specifically shown in the Contract Documents.
	b. Where in contact with concrete.
	c. Where in contact with dissimilar metals.

	3. Fiberglass surfaces except:
	a. Fiberglass piping where specifically noted to be painted.
	b. Piping supports where specifically noted to be painted.

	4. Interior of pipe, ductwork, and conduits.
	5. Moving parts of mechanical and electrical units where painting would interfere with the operation of the unit.
	6. Code labels and equipment identification and rating plates.
	7. Concealed surfaces of precolored masonry.
	8. Structural steel or steel deck required to be fireproofed.
	9. Clad aluminum, clad steel, anodized aluminum, PVDF coated aluminum and PVDF coated steel.
	10. Steel deck, unless specifically noted to be painted in these Contract Documents.
	11. Standing seam metal roof, fascia, trim, and roof accessories.
	12. Contact surfaces of friction-type connections.
	13. Metal soffit.
	14. Galvanized steel items, unless specifically noted to be painted.
	15. Bituminous coated ductile iron pipe.
	a. See the ITEMS TO BE PAINTED Article, Interior Finished Areas paragraph of this Specification Section.



	3.03 SCHEDULE OF ITEMS TO BE PAINTED AND PAINTING SYSTEMS
	A. Concrete:
	1. Interior cast-in-place and interior precast surfaces (other than prefinished panels):   SYSTEM #15.
	a. Includes equipment bases, pads, walls, beams, slabs, columns, ceilings, pedestals, pilasters, etc.

	2. Exterior cast-in-place and exterior precast surfaces (other than prefinishedpanels):  SYSTEM #13.

	B. Concrete Masonry Units:
	1. Interior smooth faced standard (heavy) weight:  SYSTEM #16.
	2. Exterior smooth faced standard (heavy) weight:  SYSTEM #27.
	3. Exterior rough faced standard (heavy) weight:  SYSTEM #17.
	4. Interior face of exterior precolored standard (heavy) weight:  SYSTEM #16.
	5. Interior smooth face of exterior prefaced masonry units:  SYSTEM #32.

	C. Steel:
	1. Ferrous metal surfaces immersed in wastewater:  SYSTEM #46.
	a. Includes all structural and miscellaneous steel surfaces.

	2. Structural:
	a. Immersion or non-immersion surfaces subject to highly corrosive environment:  SYSTEM #24.
	1) Does not include immersion in wastewater.

	b. Immersion surfaces subject to corrosive environment and not requiring NSF approval:  SYSTEM #2.
	1) Does not include immersion in wastewater.

	c. Immersion surfaces subject to corrosive or highly corrosive environment requiring NSF approval:  SYSTEM #23.
	d. Non-immersion surfaces subject to corrosive environment:  SYSTEM #7.
	e. All other surfaces (non-corrosive dry environment):  SYSTEM #1.

	3. Joists:
	a. Exposed:  SYSTEM #6.
	b. Above lay-in acoustical or suspended GWB ceiling:  SYSTEM #9.

	4. Potable water storage tanks and all ferrous metal items subject to contact with potable water requiring NSF approval:  SYSTEM #23.
	a. Includes all ferrous metal surfaces subject to splash, spillage, vapor, condensation or other chronic potable water exposure.
	b. Also includes ferrous metal surfaces within concrete potable water storage tankage requiring NSF approval.
	c. Exterior surfaces of potable water storage tanks:  SYSTEM #7.


	D. Miscellaneous ferrous metals (non-corrosive dry environment):  SYSTEM #1.
	1. Not for coating galvanized steel, steel (hollow metal) doors, steel (hollow metal) door and window frames, and products with approved factory finishes.

	E. Ferrous metals subject to corrosive environment:  SYSTEM #2.
	1. Includes ferrous metal handrails and guardrails, piping, stairs, tank or equipment bridges, pumps, and similar items.
	2. Does not include items subject to contact with potable water.
	3. Does not include items subject to contact with wastewater.

	F. Ferrous metals subject to highly corrosive environment:  SYSTEM #35.
	1. Includes ferrous metal handrails and guardrails, piping, stairs, tank or equipment bridges, pumps and similar items.
	2. Does not include items subject to contact with potable water.
	3. Does not include items subject to contact with wastewater.

	G. Galvanized Metals:
	1. Field touch-up where top coat is required:  SYSTEM #3, prime and first finish coat only.
	a. Prime paint only the damaged area.

	2. Assembled galvanized steel items:  SYSTEM #3.
	3. Field touch-up of galvanized surfaces not requiring a finish top coat:  SYSTEM #41.
	a. Paint only damaged areas.

	4. Galvanized pipe bollards:  SYSTEM #3.

	H. Steel (hollow metal) doors and frames primed in the factory in accordance with SDI/ANSI A250.10.
	1. For doors and frames in non-corrosive environments:  SYSTEM #5.
	2. For doors and frames in corrosive or highly corrosive environments:  SYSTEM #5.1.
	a. Specifically including all chemical room door openings having fiberglass reinforced plastic doors with hollow metal frames.


	I. Steel equipment with existing paint coating or factory-applied prime or finish coating not complying with this Specification Section:  SYSTEM #5.
	1. Includes equipment specifically indicated in the Contract Documents to be painted.
	2. Factory-applied coats to remain.

	J. Non-ferrous metals (except galvanized):  SYSTEM #3.
	1. Includes copper, brass, aluminum and aluminum flashing specifically indicated on the Drawings to be painted.

	K. Plastic Surfaces:
	1. PVC, FRP, and CPVC surfaces:  SYSTEM #3.
	a. Includes tankage and piping.


	L. Electrical Conduit:
	1. Galvanized:  SYSTEM #3.
	2. PVC coated:  SYSTEM #3.

	M. Pipe, Valves, and Fittings:
	1. Bare steel pipe bollards:  SYSTEM #2.
	2. Steel, cast-iron, and uncoated ductile iron not in immersion service:  SYSTEM #2.
	3. Stainless steel:  SYSTEM #1.
	4. Brass and bronze:  SYSTEM #3.
	5. Steel aeration piping not in immersion service:  SYSTEM #8.

	N. Pipe and duct insulation:  SYSTEM #12.
	O. Aluminum buried in concrete, between dissimilar metals and dissimilar materials:  SYSTEM #19.
	P. Aluminum colored pipe thread touch-up, and aluminum colored finish where top coat is not required:  SYSTEM #21.
	1. Not for coating aluminum material.

	Q. Field painting of fusion bonded epoxy coated piping, valves, couplings, etc.:  SYSTEM #43.

	3.04 PREPARATION
	A. General:
	1. Verify that atmosphere in area where painting is to take place is within paint manufacturer's acceptable temperature, humidity and sun exposure limits.
	a. Provide temporary heating, shade and/or dehumidification as required to bring area within acceptable limits.
	1) Provide temporary dehumidification equipment properly sized to maintain humidity levels required by paint manufacturer.
	2) Provide clean heat with heat exchanger type equipment sufficient in size to maintain temperature on a 24 HR basis.
	a) Vent exhaust gases to exterior environment.
	b) No exhaust gases shall be allowed to vent into the space being painted or any adjacent space.



	2. Prepare surfaces to be painted in accordance with coating manufacturer's instructions and this Specification Section unless noted otherwise in this Specification Section.
	a. Where discrepancy between coating manufacturer's instructions and this Specification Section exists, the more stringent preparation shall be provided unless approved otherwise, in writing, by the Engineer.

	3. Remove all dust, grease, oil, compounds, dirt and other foreign matter which would prevent bonding of coating to surface.
	4. Adhere to manufacturer's recoat time surface preparation requirements.
	a. Surfaces that have exceeded coating manufacturer's published recoat time and/or have exhibited surface chalking shall be prepared prior to additional coating in accordance with manufacturer's published recommendations.
	1) Minimum SSPC SP 7/NACE No. 4 unless otherwise approved by Engineer.



	B. Protection:
	1. Protect surrounding surfaces not to be coated.
	2. Remove and protect hardware, accessories, plates, fixtures, finished work, and similar items; or provide ample in-place protection.

	C. Prepare and paint before assembly all surfaces which are inaccessible after assembly.
	D. Wood:
	1. Sandpaper smooth, then dust.
	2. Seal all knots, pitch and resinous sapwood after priming coat has dried.
	3. Putty nail holes and minor defects to match wood color.

	E. Ferrous Metal:
	1. Prepare ductile iron pipe in accordance with pipe manufacturer's recommendations and NAPF.
	a. All piping, pumps, valves, fittings and any other component used in any water piping system that requires preparation for painting shall be prepared in accordance with requirements for immersion service.
	1) Pipe:  NAPF 500-03-04.
	2) Fittings:  NAPF 500-03-05

	b. Prepare all areas requiring patch painting in accordance with recommendations of manufacturer and NAPF.
	c. Remove bituminous coating per piping manufacturer, paint manufacturer and NAPF recommendations.
	1) The most stringent recommendations shall apply.


	2. Complete fabrication, welding or burning before beginning surface preparation.
	a. Chip or grind off flux, spatter, slag or other laminations left from welding.
	b. Remove mill scale.
	c. Grind smooth rough welds and other sharp projections.

	3. Solvent clean in accordance with SSPC SP 1 or detergent and low-pressure water clean in accordance with SSPC SP 12/NACE No. 5 all surfaces scheduled to receive additional SSPC surface preparation.
	4. Surfaces subject to corrosive or highly corrosive environment and all surfaces subject to immersion service:
	a. Near-white blast clean in accordance with SSPC SP 10/NACE No. 2.

	5. All interior and exterior structural steel not included in corrosive, highly corrosive or immersion service surfaces:
	a. Minimum commercial blast clean in accordance with SSPC SP 6/NACE No. 3.

	6. Surfaces subject to high temperatures.
	a. Heat in excess of 600 DegF:  SSPC SP 10/NACE No. 2.
	b. Heat in excess of 200 DegF but less than 600 DegF:  SSPC SP 6/NACE No. 3.

	7. Surfaces of steel joists and steel trusses:
	a. Commercial blast clean the major portion of the truss in accordance with SSPC SP 6/NACE No. 3.
	b. Power tool or hand tool clean tight connection areas and other difficult to access areas in accordance with SSPC SP 2 or SSPC SP 3.

	8. Steel surfaces scheduled to receive SYSTEM #24 or #35:
	a. White metal blast clean in accordance with SSPC SP 5/NACE No. 1.
	b. Provide 2-1/2 to 3 mil anchor profile for SYSTEMS #24 and #35.

	9. All fusion bonded epoxy coated surfaces identified to be field painted:
	a. Remove all traces of gloss finish by sanding or by abrasive brush blasting.
	b. Clean surface after removing gloss finish to remove sanding or blasting residue.

	10. Restore surface of field welds and adjacent areas to original surface preparation.
	11. Black iron piping:  Remove surface varnish by solvent or waterjet and detergent cleaning or brush-off blast cleaning in accordance with SSPC SP 7/NACE No. 4.

	F. Hollow Metal:
	1. Clean in accordance with SSPC SP 1 or SSPC SP 12/NACE No. 5 and in accordance with hollow metal manufacturer.

	G. Galvanized Steel and Non-ferrous Metals:
	1. Solvent clean in accordance with SSPC SP 1 followed by brush-off blast clean in accordance with SSPC SP 16 to remove zinc oxide and other foreign contaminants.
	a. Provide uniform 1 mil profile surface.


	H. Abrasive blast clean the following equipment or surfaces regardless of previous finish, if any.
	I. Gypsum Wallboard:
	1. Repair minor irregularities left by finishers.
	2. Avoid raising nap of paper face on gypsum wallboard.
	3. Verify moisture content is less than 8 percent before painting.

	J. Concrete:
	1. Cure for minimum of 28 days.
	2. Verify that concrete surfaces have been cleaned and that voids have been patched in accordance with Specification Section Division 3.
	a. Concrete surfaces shall be cleaned in accordance with ASTM D4258.

	3. Mechanically abrade concrete surfaces in accordance with ASTM D4259 as recommended by coating manufacturer.
	4. Abrasive blast concrete surfaces in accordance with SSPC SP 13/NACE No. 6 to provide profile recommended by coatings manufacturer.
	5. Test pH of surface to be painted in accordance with ASTM D4262.
	a. If surface pH is not within coating manufacturer's required acceptable range, use methods acceptable to coating manufacturer as required to bring pH within acceptable range.
	b. Retest pH until acceptable results are obtained.

	6. Verify that moisture content of surface to be painted is within coating manufacturer's recommended acceptable limits.
	a. Test moisture content of surface to be coated in accordance with ASTM D4263.
	b. After remedial measures have been taken to lower or raise moisture content, retest surface until acceptable results are obtained.


	K. Concrete Unit Masonry:
	1. Cure for minimum of 28 days.
	2. Remove all mortar spatters and protrusions.
	3. Verify that concrete unit masonry surfaces have been cleaned in accordance with ASTM D4261.
	4. Test pH of surface to be painted in accordance with ASTM D4262.
	a. If surface pH is not within coating manufacturer's required acceptable range, use methods acceptable to coating manufacturer as required to bring pH within acceptable limits.
	b. Retest pH until acceptable results are obtained.

	5. Verify that moisture content of surface to be painted is within coating manufacturer's recommended acceptable limits.
	a. Test moisture content of surface to be coated in accordance with ASTM D4263.
	b. After remedial measures have been taken to lower or raise moisture content, retest surface until acceptable range is obtained.


	L. Preparation by Abrasive Blasting:
	1. All abrasive-blasted ferrous metal surfaces shall be inspected {and approved in writing by NACE certified coatings inspector} immediately prior to application of paint coatings.
	a. Inspection shall be performed to determine cleanliness and profile depth of blasted surfaces and to certify that surface has been prepared in accordance with these Specifications.

	2. Schedule the abrasive blasting operation so blasted surfaces will not be wet after blasting and before painting.
	3. Perform additional blasting and cleaning as required to achieve surface preparation required.
	a. Prior to painting, reblast surfaces allowed to set overnight and surfaces that show rust bloom.
	b. Surfaces allowed to set overnight or surfaces which show rust bloom prior to painting shall be reinspected {and approved by NACE certified coatings inspector} prior to paint application.

	4. Profile depth of blasted surface:  Not less than 1 mil or greater than 2 mils unless required otherwise by coating manufacturer.
	5. Provide compressed air for blasting that is free of water and oil.
	a. Provide accessible separators and traps.

	6. Confine blast abrasives to area being blasted.
	a. Provide shields of polyethylene sheeting or other such barriers to confine blast material.
	b. Plug pipes, holes, or openings before blasting and keep plugged until blast operation is complete and residue is removed.

	7. Protect nameplates, valve stems, rotating equipment, motors and other items that may be damaged from blasting.
	8. Reblast surfaces not meeting requirements of these Specifications.
	9. Abrasive blasting media may be recovered, cleaned and reused providing Contractor submits, for Engineer's review, a comprehensive recovery plan outlining all procedures and equipment proposed in reclamation process.
	10. Properly dispose of blasting material contaminated with debris from blasting operation not scheduled to be reused.

	M. All Plastic Surfaces and Non-Ferrous Surfaces Except Galvanized Steel:
	1. Sand using 80-100 grit sandpaper to scarify surfaces.


	3.05 APPLICATION
	A. General:
	1. Thin, mix and apply coatings by brush, roller, or spray in accordance with manufacturer's installation instructions.
	a. Application equipment must be inspected and approved in writing by coating manufacturer.
	b. Hollow metal shall be spray applied only.

	2. Temperature and weather conditions:
	a. Do not paint surfaces when surface temperature is below 50 DegF unless product has been formulated specifically for low temperature application and application is approved in writing by Engineer and paint manufacturer's authorized representative.
	b. Avoid painting surfaces exposed to hot sun.
	c. Do not paint on damp surfaces.

	3. Immediately after surface has been inspected and accepted by NACE certified coatings inspector, apply structural steel and miscellaneous steel and steel joist and steel truss prime coat in the factory.
	a. Finish coats shall be applied in the factory.
	b. Prime coat referred to here is prime coat as indicated in this Specification.
	1) Structural steel and miscellaneous steel and steel joist and steel truss prime coating applied in factory (shop) as part of Fabricator's standard rust inhibiting and protection coating is not acceptable as replacement for specified prime coating.


	4. Provide complete coverage to mil thickness specified.
	a. Thickness specified is dry mil thickness.
	b. All paint systems are "to cover."
	1) In situations of discrepancy between manufacturer's square footage coverage rates and mil thickness, mil thickness requirements govern.

	c. When color or undercoats show through, apply additional coats until paint film is of uniform finish and color.

	5. If so directed by Engineer, do not apply consecutive coats until Engineer has had an opportunity to observe and approve previous coats.
	6. Apply materials under adequate illumination.
	7. Evenly spread to provide full, smooth coverage.
	8. Work each application of material into corners, crevices, joints, and other difficult to work areas.
	9. Avoid degradation and contamination of blasted surfaces and avoid intercoat contamination.
	a. Clean contaminated surfaces before applying next coat.

	10. Smooth out runs or sags immediately, or remove and recoat entire surface.
	11. Allow preceding coats to dry before recoating.
	a. Recoat within time limits specified by coating manufacturer.
	b. If recoat time limits have expired re-prepare surface in accordance with coating manufacturer's printed recommendations.

	12. Allow coated surfaces to cure prior to allowing traffic or other work to proceed.
	13. Coat all aluminum in contact with dissimilar materials.
	14. When coating rough surfaces which cannot be backrolled sufficiently, hand brush coating to work into all recesses.
	15. Backroll concrete and masonry surfaces with a roller if paint coatings are spray applied.

	B. Prime Coat Application:
	1. Prime all surfaces indicated to be painted.
	a. Apply prime coat in accordance with coating manufacturer's written instructions and as written in this Specification Section.

	2. Ensure field-applied coatings are compatible with factory-applied coatings.
	a. Ensure new coatings applied over existing coatings are compatible.
	b. Employ services of coating manufacturer's qualified technical representative.
	1) Certify through material data sheets.
	2) Perform test patch.

	c. If field-applied coating is found to be not compatible, require the coating manufacturer's technical representative to recommend, in writing, product to be used as barrier coat, thickness to be applied, surface preparation and method of application.
	d. At Contractor's option, coatings may be removed, surface re-prepared, and new coating applied using appropriate paint system listed in the MATERIALS Article, Paint Systems paragraph of this Specification Section.
	1) All damage to surface as result of coating removal shall be repaired to original condition or better by Contractor at no additional cost to Owner.


	3. Prime ferrous metals embedded in concrete to minimum of 1 IN below exposed surfaces.
	4. Back prime all wood scheduled to be painted, prior to installation.
	5. After application of primer to gypsum board surfaces, inspect surface and repair in accordance with the PREPARATION Article of this Specification Section.
	a. Re-prime repaired surfaces to uniform finish before application of finish coat(s).

	6. Apply zinc-rich primers while under continuous agitation.
	7. Ensure abrasive blasting operation does not result in embedment of abrasive particles in paint film.
	8. Brush or spray bolts, welds, edges and difficult access areas with primer prior to primer application over entire surface.
	9. Touch up damaged primer coats prior to applying finish coats.
	a. Restore primed surface equal to surface before damage.

	10. All surfaces of steel lintels and steel components of concrete lintels used in wall construction shall be completely painted with both prime and finish coats prior to placing in wall.

	C. Finish Coat Application:
	1. Apply finish coats in accordance with coating manufacturer's written instructions and in accordance with this Specification Section; manufacturer instructions take precedent over these Specifications.
	2. Touch up damaged finish coats using same application method and same material specified for finish coat.
	a. Prepare damaged area in accordance with the PREPARATION Article of this Specification Section.



	3.06 COLOR CODING
	A. Color and band piping in accordance with TQEQ requirements and existing plant color scheme.
	1. Band piping using maximum of three (3) different colors at 20 FT maximum centers.
	2. Factory painted piping shall be color banded in the factory per the Schedule in the SCHEDULE Article of this Specification Section.
	3. Place bands:
	a. Along continuous lines.
	b. At changes in direction.
	c. At changes of elevation.
	d. On both sides of an obstruction (e.g., wall, ceiling) that painted item passes through.

	4. Band width for individual colors (pipe diameter measured to outside of insulation, if applicable):
	a. Piping up to 8 IN DIA:  2 IN minimum.
	b. Piping greater than 8 IN up to 24 IN DIA:  4 IN minimum.
	c. Piping greater than 24 IN up to 48 IN DIA:  6 IN minimum.
	d. Piping greater than 48 IN DIA:  8 IN minimum.



	3.07 FIELD QUALITY CONTROL
	A. Contractor to provide protection for surfaces painted with epoxy coatings to prevent chalking.
	1. Surfaces showing chalking will not be accepted regardless of condition of paint film.

	B. Maintain Daily Records:
	1. Record the following information during application of each coat of paint applied:
	a. Date, starting time, end time, and all breaks taken by painters.
	b. For exterior painting:
	1) Sky condition.
	2) Wind speed and direction.

	c. Air temperature.
	d. Relative humidity.
	e. Moisture content and surface temperature of substrate prior to each coat.
	f. Provisions utilized to maintain work area within manufacturer's recommended application parameters including temporary heating, ventilation, cooling, dehumidification and provisions utilized to mitigate wind blown dust and debris from contaminating...
	g. Record environmental conditions, substrate moisture content and surface temperature information not less than once every four (4) hours during application.
	1) Record hourly when temperatures are below 50 DegF or above 100 DegF.


	2. Record the following information daily for the paint manufacturer's recommended curing period:
	a. Date and start time of cure period for each item or area.
	b. For exterior painting:
	1) Sky conditions.
	2) Wind speed and direction.

	c. Record environmental conditions not less than once every 12 hours.
	1) Record once every four (4) hours when ambient temperature is below 35 DegF.

	d. Provisions utilized to protect each item or area and to maintain areas within manufacturer's recommended curing parameters.

	3. Format for daily record to be computer generated.

	C. Measure wet coating with wet film thickness gages.
	D. Measure coating dry film thickness in accordance with SSPC PA 2 using Mikrotest gage calibrated against NBS "Certified Coating Thickness Calibration Standards."
	1. Engineer may measure coating thickness at any time during project to assure conformance with these Specifications.

	E. Measure surface temperature of items to be painted with surface temperature gage specifically designed for such.
	F. Measure substrate humidity with humidity gage specifically designed for such.
	G. Provide wet paint signs.

	3.08 CLEANING
	A. Clean paint spattered surfaces.
	1. Use care not to damage finished surfaces.

	B. Upon completion of painting, replace hardware, accessories, plates, fixtures, and similar items.
	C. Remove surplus materials, scaffolding, and debris.



	10400
	IDENTIFICATION DEVICES
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Tag, tape and stenciling systems for equipment, piping, valves, pumps, ductwork and similar items, and hazard and safety signs.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 - General Requirements.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Society of Mechanical Engineers (ASME):
	a. A13.1, Scheme for the Identification of Piping Systems.

	2. Instrumentation, Systems, and Automation Society (ISA).
	3. National Electrical Manufacturers Association/American National Standards Institute (NEMA/ANSI):
	a. Z535.1, Safety Color Code.
	b. Z535.2, Environmental and Facility Safety Signs.
	c. Z535.3, Criteria for Safety Symbols.
	d. Z535.4, Product Safety Signs and Labels.

	4. National Fire Protection Association (NFPA):
	a. 70, National Electrical Code (NEC).

	5. Occupational Safety and Health Administration (OSHA):
	a. 29 CFR 1910.145, Specification for Accident Prevention Signs and Tags.



	1.03 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01340 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Catalog information for all identification systems.
	b. Acknowledgement that products submitted meet requirements of standards referenced.

	3. Identification register, listing all items in PART 3 of this Specification Section to be identified, type of identification system to be used, lettering, location and color.



	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. W.H. Brady Co.
	2. Panduit.
	3. Seton.
	4. National Band and Tag Co.
	5. Carlton Industries, Inc.

	B. Submit request for substitution in accordance with Specification Section 01630.

	2.02 MANUFACTURED UNITS
	A. Type A1 - Round Metal Tags:
	1. Materials:
	a. Aluminum or stainless steel.
	b. Stainless steel shall be used in corrosive environments.

	2. Size:
	a. Diameter:  1-1/2 IN minimum.
	b. Thickness:  0.035 IN (20 GA) minimum.

	3. Fabrication:
	a. 3/16 IN minimum mounting hole.
	b. Legend:  Stamped and filled with black coloring.

	4. Color:  Natural.

	B. Type A2 - Rectangle Metal Tags:
	1. Materials:  Stainless steel.
	2. Size:
	a. 3-1/2 IN x 1-1/2 IN minimum.
	b. Thickness:  0.036 IN (20 GA) minimum.

	3. Fabrication:
	a. 3/16 IN minimum mounting hole.
	b. Legend:  Stamped and filled with black coloring.

	4. Color:  Natural.

	C. Type A3 - Metal Tape Tags:
	1. Materials:  Aluminum or stainless steel.
	2. Size:
	a. Width 1/2 IN minimum.
	b. Length as required by text.

	3. Fabrication:
	a. 3/16 IN minimum mounting hole.
	b. Legend:  Embossed.

	4. Color:  Natural.

	D. Type B1- Square Non-Metallic Tags:
	1. Materials:  Fiberglass reinforced plastic.
	2. Size:
	a. Surface:  2 x 2 IN minimum.
	b. Thickness:  100 mils.

	3. Fabrication:
	a. 3/16 IN mounting hole with metal eyelet.
	b. Legend:  Preprinted and permanently embedded and fade resistant.

	4. Color:
	a. Background:  Manufacturer standard or as specified.
	b. Lettering:  Black.


	E. Type B2 - Non-Metallic Signs:
	1. Materials:  Fiberglass reinforced or durable plastic.
	2. Size:
	a. Surface:  As required by text.
	b. Thickness:  60 mils minimum.

	3. Fabrication:
	a. Rounded corners.
	b. Drilled holes in corners with grommets.
	c. Legend:  Preprinted, permanently embedded and fade resistant for a 10 year minimum outdoor durability.

	4. Color:
	a. Background:  Manufacturer standard or as specified.
	b. Lettering:  Black.

	5. Standards for OSHA signs:  NEMA/ANSI Z535.1, NEMA/ANSI Z535.2, NEMA/ANSI Z535.3, NEMA/ANSI Z535.4, OSHA 29 CFR 1910.145.

	F. Type C - Phenolic Name Plates:
	1. Materials:  Phenolic.
	2. Size:
	a. Surface:  As required by text.
	b. Thickness:  1/16 IN.

	3. Fabrication:
	a. Two (2) layers laminated.
	b. Legend:  Engraved through top lamination into bottom lamination.
	c. Two (2) drilled side holes, for screw mounting.

	4. Color:  Black top surface, white core, unless otherwise indicated.

	G. Type D - Self-Adhesive Tape Tags and Signs:
	1. Materials:  Vinyl tape or vinyl cloth.
	2. Size:
	a. Surface:  As required by text.
	b. Thickness:  5 mils minimum.

	3. Fabrication:
	a. Indoor/Outdoor grade.
	b. Weather and UV resistant inks.
	c. Permanent adhesive.
	d. Legend:  Preprinted.
	e. Wire markers to be self-laminating.

	4. Color:  White with black lettering or as specified.
	5. Standards for OSHA signs:  NEMA/ANSI Z535.1, NEMA/ANSI Z535.2, NEMA/ANSI Z535.3, NEMA/ANSI Z535.4, OSHA 29 CFR 1910.145.

	H. Type E - Heat Shrinkable Tape Tags:
	1. Materials:  Polyolefin.
	2. Size:  As required by text.
	3. Fabrication:
	a. Legend:  Preprinted.

	4. Color:  White background, black printing.

	I. Type F - Underground Warning Tape:
	1. Materials:  Polyethylene.
	2. Size:
	a. 6 IN wide (minimum).
	b. Thickness:  3.5 mils.

	3. Fabrication:
	a. Legend:  Preprinted and permanently imbedded.
	b. Message continuous printed.
	c. Tensile strength:  1750 psi.

	4. Color:  As specified.

	J. Type G - Stenciling System:
	1. Materials:
	a. Exterior type stenciling enamel.
	b. Either brushing grade or pressurized spray can form and grade.

	2. Size:  As required.
	3. Fabrication:
	a. Legend:  As required.

	4. Color:  Black or white for best contrast.

	K. Underground Tracer Wire:
	1. Materials:
	a. Wire:
	1) 12 GA AWG.
	2) Solid.

	b. Wire nuts:  Waterproof type.
	c. Split bolts:  Brass.



	2.03 ACCESSORIES
	A. Fasteners:
	1. Bead chain:  #6 brass, aluminum or stainless steel.
	2. Plastic strap:  Nylon, urethane or polypropylene.
	3. Screws:  Self-tapping, stainless steel.
	4. Adhesive, solvent activated.


	2.04 MAINTENANCE MATERIALS
	A. Where stenciled markers are provided, clean and retain stencils after completion and include in extra stock, along with required stock of paints and applicators.


	Part 3: EXECUTION
	3.01 General INSTALLATION
	A. Install identification devices at specified locations.
	B. All identification devices to be printed by mechanical process, hand printing is not acceptable.
	C. Attach tags to equipment with sufficient surface or body area with solvent activated adhesive applied to back of each tag.
	D. Attach tags with 1/8 IN round or flat head screws to equipment without sufficient surface or body area, or porous surfaces.
	1. Where attachment with screws should not or cannot penetrate substrate, attach with plastic strap.

	E. Single items of equipment enclosed in a housing or compartment to be tagged on outside of housing.
	1. Several items of equipment mounted in housing to be individually tagged inside the compartment.

	F. Tracer Wire:
	1. Attach to pipe at a maximum of 10 FT intervals with tape or tie-wraps.
	2. Continuous pass from each valve box and above grade at each structure.
	3. Coil enough wire at each valve box to extend wire a foot above the ground surface.
	4. 1,000 FT maximum spacing between valve boxes.
	5. If split bolts are used for splicing, wrap with electrical tape.
	6. If wire nuts are used for splicing, knot wire at each splice point leaving 6 IN of wire for splicing.
	7. Use continuous strand of wire between valve box where possible.
	a. Continuous length shall be no shorter than 100 FT.



	3.02 Schedules
	A. Process Systems:
	1. General:
	a. Provide arrows and markers on piping.
	1) At 20 FT maximum centers along continuous lines.
	2) At changes in direction (route) or obstructions.
	3) At valves, risers, "T" joints, machinery or equipment.
	4) Where pipes pass through floors, walls, ceilings, cladding assemblies and like obstructions provide markers on both sides.

	b. Position markers on both sides of pipe with arrow markers pointing in flow direction.
	1) If flow is in both directions use double headed arrow markers.

	c. Apply tapes and stenciling in uniform manner parallel to piping.

	2. Trenches with piping:
	a. Tag type:  Type F - Underground Warning Tape
	b. Location:  Halfway between top of piping and finished grade.
	c. Letter height:  1-1/4 IN minimum.
	d. Natural gas or digester gas:
	1) Color:  Yellow with black letters.
	2) Legend:
	a) First line:  “CAUTION CAUTION CAUTION”
	b) Second line:  “BURIED GAS LINE BELOW”


	e. Potable water:
	1) Color:  Blue with black letters.
	2) Legend:
	a) First line:  “CAUTION CAUTION CAUTION”
	b) Second line:  “BURIED WATER LINE BELOW”


	f. Storm and sanitary sewer lines:
	1) Color:  Green with black letters.
	2) Legend:
	a) First line:  “CAUTION CAUTION CAUTION”
	b) Second line:  “BURIED SEWER LINE BELOW”


	g. (Nonpotable) water piping, except 3 IN and smaller irrigation pipe:
	1) Color:  Green with black letters.
	2) Legend:
	a) First line:  “CAUTION CAUTION CAUTION”
	b) Second line:  “BURIED NONPOTABLE WATER LINE BELOW”


	h. Chemical feed piping (e.g., chlorine solution, polymer solution, caustic solution, etc.):
	1) Color:  Yellow with black letters.
	2) Legend:
	a) First line:  “CAUTION CAUTION CAUTION”
	b) Second line:  “BURIED CHEMICAL LINE BELOW”


	i. Other piping (e.g., compressed air, irrigation, refrigerant, heating water, etc.):
	1) Color:  Yellow with black letters.
	2) Legend:
	a) First line:  “CAUTION CAUTION CAUTION”
	b) Second line:  “BURIED PIPE LINE BELOW”



	3. Yard valves, buried, with valve box and concrete pad:
	a. Tag type:  Type A2 - Rectangle Metal Tags.
	b. Fastener:  3/16 IN x 7/8 IN plastic screw anchor with 1 IN #6 stainless steel pan head screw.
	c. Legend:
	1) Letter height:  1/4 IN minimum.
	2) Valve designation as indicated on the Drawings (e.g., “V-xxx”).


	4. Valves and slide gates:
	a. Tag type:
	1) Outdoor locations:  Type B1 - Square Non-Metallic Tags.
	2) Indoor non-corrosive:
	a) Type A1 - Round Metal Tags.
	b) Type B1 - Square Non-Metallic Tags.

	3) Indoor corrosive:
	a) Stainless steel Type A1 - Round Metal Tags.
	b) Type B1 - Square Non-Metallic Tags.


	b. Fastener:
	1) Type A1:  Chain of the same material.
	2) Type B1:  Stainless steel chain.

	c. Color:  Per ASME A13.1 corresponding to the piping system.
	d. Legend:
	1) Letter height:  1/4 IN minimum.
	2) Valve designation as indicated on the Drawings (e.g., “V-xxx”).


	5. Process equipment (e.g., pumps, pump motors, blowers, air compressors, bar screens, clarifier drive mechanism, etc.):
	a. Tag type:
	1) Type B2 - Non-Metallic Signs.
	2) Type D - Self-Adhesive Tape Tags and Signs.

	b. Fastener:
	1) Self.
	2) Screws.
	3) Adhesive.

	c. Legend:
	1) Letter height:  1/2 IN minimum.
	2) Equipment designation as indicated on the Drawings (e.g., “Primary Sludge Pump P-xxx”).


	6. Piping systems:
	a. Tag type:
	1) Outdoor locations: Type D - Self-Adhesive Tape Tags and Signs.
	2) Indoor locations: Type D - Self-Adhesive Tape Tags and Signs.

	b. Fastener:  Self.
	c. Color:  Per ASME A13.1.
	d. Legend:
	1) Letter height:  Manufacturers standard for the pipe diameter.
	2) Mark piping in accordance with ASME A13.1.
	3) Use piping designation as indicated on the Drawings.
	4) Arrow:  Single arrow.


	7. Process tanks (over 1000 GAL) and basins, (e.g., chemical storage, clarifiers, trickling filters, digesters, etc):
	a. Tag type:
	1) Type B2 - Non-Metallic Signs.

	b. Fastener:
	1) Screw.
	2) Self.

	c. Location as directed by Owner.
	d. Legend:
	1) Letter height:  4 IN minimum.
	2) Equipment designation as indicated on the Drawings (e.g., “Clarifier CL-xxx”).


	8. Tanks (less than 1000 GAL) (e.g., break tanks, chemical tanks, hydro-pneumatic tanks, air receivers, etc.):
	a. Tag type:
	1) Type D - Self-Adhesive Tape Tags and Signs.

	b. Fastener:  Self.
	c. Legend:
	1) Letter height:  2 IN minimum.
	2) Equipment designation as indicated on the Drawings (e.g., “Polymer Storage Tank Txxx”)


	9. Equipment that starts automatically:
	a. Tag type:
	1) Type B2 - Non-Metallic Signs.
	2) Type D - Self-Adhesive Tape Tags and Signs.

	b. Fastener:
	1) Type B2 - Screw or adhesive.
	2) Type D - Self.

	c. Size:  5 IN x 7 IN
	d. Location:  {Equipment name}.
	e. Legend:
	1) OSHA Warning Sign.
	2) Description of Warning:  “THIS MACHINE STARTS AUTOMATICALLY”.



	B. Instrumentation Systems:
	1. Instrumentation Equipment (e.g., flow control valves, primary elements, etc.):
	a. Tag type:
	1) Outdoor locations:  Type B1 - Square Non-Metallic Tags.
	2) Indoor non-corrosive:
	a) Type A1 - Round Metal Tags.
	b) Type B1 - Square Non-Metallic Tags.

	3) Indoor corrosive:
	a) Stainless steel Type A1 - Round Metal Tags.
	b) Type B1 - Square Non-Metallic Tags.


	b. Fastener:
	1) Type A1:  Chain of the same material.
	2) Type B1:  Stainless steel chain.

	c. Legend:
	1) Letter height:  1/4 IN minimum.
	2) Equipment ISA designation as indicated on the Drawings (e.g., “FIT-xxx”).


	2. Enclosure for instrumentation and control equipment, (e.g., PLC control panels, etc.):
	a. Tag type:  Type C - Phenolic Name Plates.
	b. Fastener:  Screws.
	c. Legend:
	1) Letter height:  1/2 IN minimum.
	2) Equipment name (e.g., "PLC CONTROL PANEL PCP-xxx").


	3. Components inside equipment enclosure, (e.g., PLC’s, control relays, contactors, and timers):
	a. Tag type:  Type D - Self-Adhesive Tape Tags.
	b. Fastener:  Self.
	c. Legend:
	1) Letter height:  3/16 IN minimum.
	2) Description or function of component (e.g., "PLC-xxx” or “CR-xxx").


	4. Through enclosure door mounted components (e.g., selector switches, controller digital displays, etc.):
	a. Tag type:  Type C - Phenolic Name Plates.
	b. Fastener:  Screws.
	c. Legend:
	1) Letter height:  1/4 IN minimum.
	2) Component ISA tag number as indicated on the Drawings (e.g., “HS-xxx”).



	C. HVAC Systems:
	1. General:
	a. Provide arrows and markers on ducts.
	1) At 20 FT maximum centers along continuous lines.
	2) At changes in direction (route) or obstructions.
	3) At dampers, risers, branches, machinery or equipment.
	4) Where ducts pass through floors, walls, ceilings, cladding assemblies and like obstructions provide markers on both sides.

	b. Position markers on both sides of duct with arrow markers pointing in flow direction.
	1) If flow is in both directions use double headed arrow markers.

	c. Apply tapes and stenciling in uniform manner parallel to ducts.

	2. HVAC Equipment (e.g., unit heaters, exhaust fans, air handlers, etc.):
	a. Tag type:
	1) Type B2 - Non-Metallic Signs.
	2) Type C - Phenolic Name Plates.

	b. Fastener:  Screws.
	c. Legend:
	1) Letter height:  1 IN minimum.
	2) Equipment designation as indicated on the Drawings (e.g., "EF-xxx").


	3. Ductwork:
	a. Tag type:
	1) Type D - Self-Adhesive Tape Tags and Signs.
	2) Type G - Stenciling System.

	b. Fastener:  Self.
	c. Legend:
	1) Letter height:  1 IN minimum.
	2) Description of ductwork, (e.g., “AIR SUPPLY”).
	3) Arrows:  Single arrow.


	4. Enclosure for instrumentation and control equipment, (e.g., fan control panels, etc.):
	a. Tag type:  Type C - Phenolic Name Plates.
	b. Fastener:  Screws.
	c. Legend:
	1) Letter height:  1/2 IN minimum.
	2) Equipment designation as indicated on the Drawings (e.g., "FAN CONTROL PANEL FCP-xxx").


	5. Wall mounted thermostats:
	a. Tag type:  Type D - Self-Adhesive Tape Tags and Signs.
	b. Fastener:  Self.
	c. Legend:
	1) Letter height:  3/16 IN minimum.
	2) Description of equipment controlled (e.g., "UH-xxx" or AHU-xxx").


	6. Components inside equipment enclosure, (e.g., controller’s, control relays, contactors, and timers):
	a. Tag type:  Type D - Self-Adhesive Tape Tags and Signs.
	b. Fastener:  Self.
	c. Legend:
	1) Letter height:  3/16 IN minimum.
	2) Description or function of component (e.g., "CR-xxx").


	7. Through enclosure door mounted equipment (e.g., selector switches, controller digital displays, etc.):
	a. Tag type:  Type C - Phenolic Name Plates.
	b. Fastener:  Screws.
	c. Legend:
	1) Letter height:  1/4 IN minimum.
	2) Component tag number as indicated on the Drawings or as defined by contractor  (e.g., “HS-xxx”).



	D. Electrical Systems:
	1. Trenches with ductbanks, direct-buried conduit, or direct-buried wire and cable.
	a. Tag type:  Type F - Underground Warning Tape.
	b. Letter height:  1-1/4 IN minimum.
	c. Location:
	1) Where trench is 12 IN or more below finished grade:  In trench 6 IN below finished grade.
	2) Where trench is less than 12 IN below finished grade:  In trench 3 IN below finished grade.

	d. Electrical power (e.g., low and medium voltage):
	1) Color:  Red with black letters.
	2) Legend:
	a) First line:  “CAUTION CAUTION CAUTION”.
	b) Second line:  “BURIED ELECTRIC LINE BELOW”.


	e. Communications (e.g., telephone, instrumentation, LAN, SCADA):
	1) Color:  Orange with black letters.
	2) Legend:
	a) First line:  “CAUTION CAUTION CAUTION”.
	b) Second line:  “BURIED COMMUNICATION LINE BELOW”.



	2. Switchgear, switchboards and motor control centers:
	a. Tag type:  Type C - Phenolic Name Plates.
	b. Fastener:  Screws.
	c. Main equipment legend:
	1) Letter height:
	a) First line:  1 IN minimum.
	b) Subsequent lines:  3/8 IN minimum.

	2) First line:  Equipment name (e.g., "MAIN SWITCHBOARD MSBxxx").
	3) Second line:
	a) Source of power (e.g., "FED FROM MCCxxx LOCATED IN ROOM xxx").
	b) The source of power room number is only required when there are multiple electrical rooms, if the source is in another building, the building name or number shall be used.

	4) Third line:  System voltage and phase (e.g., “480/277 V, 3PH”).

	d. Main and feeder device legend:
	1) Letter height:  3/8 IN minimum.
	2) Description of load (e.g., “MAIN DISCONNECT”, "PUMP Pxxx" or "PANELBOARD HPxxx").


	3. Panelboards and transformers:
	a. Tag type:  Type C - Phenolic Name Plates.
	b. Fastener:  Screws.
	c. Legend:
	1) Letter height:
	a) First line:  3/8 IN minimum.
	b) Subsequent lines:  3/16 IN minimum.

	2) First line:  Equipment name (e.g., "PANELBOARD LPxxx" or "TRANSFORMER Txxx").
	3) Second line (panelboards only):  System voltage and phase (e.g., “208/120V, 3PH”).


	4. Transfer switches:
	a. Tag type:  Type C - Phenolic Name Plates.
	b. Fastener:  Screws.
	c. Legend:
	1) Letter height:
	a) First line:  3/8 IN minimum.
	b) Subsequent lines:  3/16 IN minimum.

	2) First line:  Equipment name (e.g., "AUTOMATIC TRANSFER SWITCH ATSxxx").


	5. Safety switches, separately mounted circuit breakers and motor starters, VFD’s, etc.:
	a. Tag type:  Type C - Phenolic Name Plates.
	b. Fastener:  Screws.
	c. Legend:
	1) Letter height:  1/4 IN minimum.
	2) First line:  Description of load equipment is connected to (e.g., "PUMP Pxxx").


	6. Enclosure for instrumentation and control equipment, (e.g., lighting control panels, etc.):
	a. Tag type:  Type C - Phenolic Name Plates.
	b. Fastener:  Screws.
	c. Legend:
	1) Letter height:  1/2 IN minimum.
	2) Equipment name (e.g., "LIGHTING CONTROL PANEL LCPxxx").


	7. Components inside equipment enclosures (e.g., circuit breakers, fuses, control power transformers, control relays, contactors, timers, etc.):
	a. Tag type:  Type D - Self-Adhesive Tape Tags and Signs.
	b. Fastener:  Self.
	c. Legend:
	1) Letter height:  3/16 IN minimum.
	2) Description or function of component (e.g., "M-xxx”, “CR-xxx” or “TR-xxx").


	8. Through enclosure door mounted equipment (e.g., selector switches, controller digital displays, etc.):
	a. Tag type:  Type C - Phenolic Name Plates.
	b. Fastener:  Screws.
	c. Legend:
	1) Letter height:  1/4 IN minimum.
	2) Component tag number as indicated on the Drawings or as defined by contractor (e.g., “HS-xxx”).


	9. Conductors in control panels and in pull or junction boxes where multiple circuits exist.
	a. Tag type:  Type D - Self-Adhesive Tape Tags.
	b. Fastener:  Self.
	c. Tag conductor at both ends.
	d. Legend:
	1) Letter height:  1/8 IN minimum.
	2) Circuit number or wire number as scheduled on the Drawings or as furnished with the equipment.


	10. Conductors in handholes and manholes.
	a. Tag type:  Type A3 - Metal Tape Tags.
	b. Fastener:  Nylon strap.
	c. Tag conductor at both ends.
	d. Legend:
	1) Letter height:  1/8 IN minimum.
	2) Circuit number or wire number as scheduled on the Drawings.


	11. Grounding conductors associated with grounding electrode system in accordance with the following:
	a. Tag type:  Type D - Self-Adhesive Tape Tags.
	b. Fastener:  Self.
	c. Legend:
	1) Letter height:  1/8 IN minimum.
	2) Function of conductor (e.g., "MAIN BONDING JUMPER", "TO GROUND RING", "TO MAIN WATER PIPE").


	12. Flash protection for switchboards, panelboards, industrial control panels and motor control centers:
	a. Tag type:  Type D - Self-Adhesive Tape Signs.
	b. Fastener:  Self.
	c. Legend:  Per NFPA 70.

	13. Entrances to electrical rooms:
	a. Tag type:  Type B2 - Non-Metallic Signs.
	b. Fastener:  Screw or adhesive.
	c. Size:  5 IN x 7 IN.
	d. Location:  Each door to room.
	e. Legend:
	1) OSHA Danger Sign.
	2) Description of Danger:  “HIGH VOLTAGE, AUTHORIZED PERSONNEL ONLY”.


	14. Equipment where more than one (1) voltage source is present:
	a. Tag type:
	1) Type B2 - Non-Metallic Signs.
	2) Type D - Self-Adhesive Tape Signs.

	b. Fastener:
	1) Screw or adhesive.
	2) Self.

	c. Size:  1-3/4 IN x 2-1/2 IN.
	d. Location:  Exterior face of enclosure or cubical.
	e. Legend:
	1) OSHA Danger Sign.
	2) Description of Danger:  “MULTIPLE VOLTAGE SOURCES”.




	3.03 hazard and safety signs
	A. Chemical Fill Stations, Chemical Areas, and Doors
	1. NFPA Signs
	a. Provide one NFPA Chemical Safety Hazard Sign at each chemical fill station appropriately worded for the specific chemical. Color requirements shall be as described in Appendix A of NFPA 704. Provide signs in other locations per OHSA Hazard Communic...
	b. Sign consists of large diamond shape made up of four smaller diamonds with numbers on the diamonds corresponding to the labels for the chemical represented.
	c. Small diamonds are to be 5 IN on a side with 4 IN letters. The overall diamond shall be 10 IN on a side.
	d. Reference NFPA 49 for the contents of these signs based on each type of chemical.
	e. Signs shall be wall mounted by the SA/VT fastening methods of ASI of equal, continuous across sign with concealed fasteners. Other fastening means may be used on fences and other unusual mounting locations such as tanks.

	2. Material Safety Data Sheet (MSDS) Storage Cabinets and Binders
	a. Three MSDS storage cabinets shall be provided for the Membrane Building and shall be located as directed by the Owner and Engineer.
	b. Cabinets shall be constructed of 22 gauge steel with yellow powder coating. Cabinets shall be wall mountable and lockable. Cabinets shall be Item No. 14404 by Lab Safety Supply or equal. Provide one 1.5 IN polyethylene binder with each cabinet.

	3. Caution Signs
	a. Provide two restrictive/caution signs at each chemical fill station.
	b. Sign copy shall be:
	1) “DANGER. Corrosive Material Wear Required PPE When Unloading Chemicals”.
	2) “Contact Plant Personnel Before Unloading Chemicals.”

	c. Sign shall be aluminum construction, minimum 12 IN by 18IN, with all- weather, UV resistant coating.


	B. Safety Eyewash/Shower
	1. Provide a sign at each eyewash/shower location.
	2. Sign copy shall be: “FIRST AID: EMERGENCY SHOWER AND EYEWASH” or similar.
	3. Signs shall be 17 IN by 7 IN, plastic construction for interior locations and aluminum construction, with all-weather, UV resistant coating for exterior locations.
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	EQUIPMENT:  BASIC REQUIREMENTS
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Requirements of this Specification Section apply to all equipment provided on the Project including that found in Divisions 11, 12, 13, 14, 15, and 16, even if not specifically referenced in individual "Equipment" articles of those Specification Se...

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 - General Requirements.
	3. Division 3 - Concrete
	4. Section 05501 - Metal Fabrications.
	5. Section 07900 - Joint Sealants.
	6. Section 09905 - Painting and Protective Coatings.
	7. Section 10400 - Identification Devices.
	8. Division 11 - Equipment.
	9. Section 13315 – Process Instrumentation and Controls - Products.
	10. Section 15060 - Pipe and Pipe Fittings:  Basic Requirements.
	11. Division 16 - Electrical.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Bearing Manufacturers Association (ABMA).
	2. American Gear Manufacturers Association (AGMA).
	3. ASTM International (ASTM):
	a. E1934, Standard Guide for Examining Electrical and Mechanical Equipment with Infrared Thermography.
	b. F593, Standard Specification for Stainless Steel Bolts, Hex Cap Screws, and Studs.

	4. Hydraulic Institute (HI):
	a. 9.6.4, Centrifugal and Vertical Pumps for Vibration Measurements and Allowable Valves.

	5. International Electrotechnical Commission (IEC).
	6. Institute of Electrical and Electronics Engineers, Inc. (IEEE).
	7. International Organization for Standardization (ISO):
	a. 1940, Mechanical Vibration - Balance Quality Requirements for Rotors in a Constant (Rigid) State - Part 1:  Specification and Verification of Balance Tolerances.

	8. National Electrical Manufacturers Association (NEMA):
	a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).
	b. ICS 6, Enclosures for Industrial Control and System.
	c. MG 1, Motors and Generators.

	9. InterNational Electrical Testing Association (NETA):
	a. ATS, Acceptance Testing Specification for Electrical Power Distribution Equipment and Systems.

	10. National Fire Protection Association (NFPA):
	a. 70, National Electrical Code (NEC):
	1) Article 430, Motors.


	11. National Institute for Certification in Engineering Technologies (NICET).
	12. National Institute of Standards and Technology (NIST).
	13. Occupational Safety and Health Administration (OSHA):
	a. 29 CFR 1910, Occupational Safety and Health Standards, referred to herein as OSHA Standards.

	14. Underwriters Laboratories, Inc. (UL).
	a. 508, Standard for Safety Industrial Control Equipment.
	b. 508A, Standard for Safety Industrial Control Panels.

	15. Vibration Institute.

	B. Vibration Testing Program:
	1. Testing firm:
	a. An independent firm performing, as the sole or principal part of its business for a minimum of 10 years, the inspection, testing, calibration, and adjusting of systems.
	b. Must have an established monitoring and testing equipment calibration program with accuracy traceable in an unbroken chain, according to NIST.

	2. Field personnel:
	a. Minimum of one (1) year field experience covering all phases of field vibration testing and data gathering.
	b. Qualified Vibration Category I certification from the Vibration Institute.

	3. Analysis personnel:
	a. Minimum three (3) years combined field testing and data analysis experience.
	b. Qualified Vibration Category II certification from the Vibration Institute.


	C. Infrared Thermography Testing Program:
	1. Testing firm:
	a. An independent firm performing, as the sole or principal part of its business for a minimum of 10 years, the inspection, testing, calibration, and adjusting of systems.
	b. Must have an established monitoring and testing equipment calibration program with accuracy traceable in an unbroken chain, according  to NIST.

	2. Field personnel:
	a. Minimum of one (1) year field experience covering all phases of field thermography testing and data gathering.
	b. Supervisor certified by NETA or NICET.

	3. Analysis personnel:
	a. Minimum three (3) years combined field testing and data analysis experience.
	b. Supervisor certified by NETA or NICET.


	D. Electrical Equipment and Connections Testing Program:
	1. Testing firm:
	a. An independent firm performing, as the sole or principal part of its business for a minimum of 10 years, the inspection, testing, calibration , and adjusting of systems.
	b. Must have an established monitoring and testing equipment calibration program with accuracy traceable in an unbroken chain, according to NIST.

	2. Field personnel:
	a. Minimum of one (1) year field experience covering all phases of electrical equipment inspection, testing, and calibration.
	b. Relay test technician having previous experience with testing and calibration of relays of the same manufacturer and type used on project and proficient in setting and testing the types of protection elements used.
	c. Supervisor certified by NETA or NICET.

	3. Analysis personnel:
	a. Minimum three (3) years combined field testing and data analysis experience.
	b. Supervisor certified by NETA or NICET.


	E. Miscellaneous:
	1. A single manufacturer of a "product" to be selected and utilized uniformly throughout Project even though:
	a. More than one (1) manufacturer is listed for a given "product" in Specifications.
	b. No manufacturer is listed.

	2. Equipment, electrical assemblies, related electrical wiring, instrumentation, controls, and system components shall fully comply with specific NEC requirements related to area classification and to NEMA 250 and NEMA ICS 6 designations as indicated ...
	3. Variable speed equipment applications:  The driven equipment manufacturer shall have single source responsibility for coordination of the driven equipment and VFD system and ensure their compatibility.


	1.03 DEFINITIONS
	A. Product:  Manufactured materials and equipment.
	B. Major Equipment Supports - Supports for Equipment:
	1. Located on or suspended from elevated slabs with supported equipment weighing 2000 LBS or greater, or;
	2. Located on or suspended from roofs with supported equipment weighing 500 LBS or greater, or;
	3. Located on slab-on-grade or earth with supported equipment weighing 5000 LBS or more.

	C. Equipment:
	1. One (1) or more assemblies capable of performing a complete function.
	2. Mechanical, electrical, instrumentation or other devices requiring an electrical, pneumatic, electronic or hydraulic connection.
	3. Not limited to items specifically referenced in "Equipment" articles within individual Specifications.

	D. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.


	1.04 SUBMITTALS
	A. Shop Drawings:
	1. General for all equipment:
	a. See Specification Section 01340 for requirements for the mechanics and administration of the submittal process.
	b. Data sheets that include manufacturer's name and complete product model number.
	1) Clearly identify all optional accessories that are included.

	c. Acknowledgement that products submitted comply with the requirements of the standards referenced.
	d. Manufacturer's delivery, storage, handling, and installation instructions.
	e. Equipment identification utilizing numbering system and name utilized in Drawings.
	f. Equipment installation details:
	1) Location of anchorage.
	2) Type, size, and materials of construction of anchorage.
	3) Anchorage setting templates.
	4) Manufacturer's installation instructions.

	g. Equipment area classification rating.
	h. Shipping and operating weight.
	i. Equipment physical characteristics:
	1) Dimensions (both horizontal and vertical).
	2) Materials of construction and construction details.

	j. Equipment factory primer and paint data.
	k. Manufacturer's recommended spare parts list.
	l. Equipment lining and coatings.
	m. Equipment utility requirements include air, natural gas, electricity, and water.
	n. Ladders and platforms provided with equipment:
	1) Certification that all components comply fully with OSHA requirements.
	2) Full details of construction/fabrication.
	3) Scaled plan and sections showing relationship to equipment.


	2. Mechanical and process equipment:
	a. Operating characteristics:
	1) Technical information including applicable performance curves showing specified equipment capacity, rangeability, and efficiencies.
	2) Brake horsepower requirements.
	3) Copies of equipment data plates.

	b. Piping and duct connection size, type and location.
	c. Equipment bearing life certification.
	d. Equipment foundation data:
	1) Equipment center of gravity.
	2) Criteria for designing vibration, special or unbalanced forces resulting from equipment operation.


	3. Electric motor:
	a. Motor manufacturer and model number.
	b. Complete motor nameplate data.
	c. Weight.
	d. NEMA design type.
	e. Enclosure type.
	f. Frame size.
	g. Winding insulation class and temperature rise.
	h. Starts per hour.
	i. Performance data:
	1) Motor speed-torque curve superimposed over driven machine speed-torque curve during start-up acceleration and at rated terminal voltage for all motors over 200 HP.
	2) Time-current plots with acceleration versus current and thermal damage curves at the operating and ambient temperatures and at rated terminal voltage  for all motors over 200 HP.
	3) Guaranteed minimum efficiencies at 100 percent, 75 percent, and 50 percent of full load
	4) Guaranteed minimum power factor at 100 percent, 75 percent, and 50 percent of full load.
	5) Locked rotor and full load current at rated terminal voltage.
	6) Starting, full load, and breakdown torque at rated terminal voltage.

	j. Bearing data and lubrication system.
	k. Thermal protection system including recommended alarm and trip settings for winding and bearing RTD’s.
	l. Fabrication and/or layout drawings:
	1) Dimensioned outlined drawing.
	2) Connection diagrams including accessories (strip heaters, thermal protection, etc.).

	m. Certifications:
	1) When utilized with a reduced voltage starter, certify that motor and driven equipment are compatible.
	2) When utilized with a variable frequency drive (VFD), certify motor is inverter duty and the VFD and motor are compatible.
	a) Include minimum speed at which the motor may be operated for the driven machinery.


	n. Electrical gear:
	1) Unless specified in a narrow-scope Specification Section, provide the following:
	a) Equipment ratings:  Voltage, continuous current, kVa, watts, short circuit with stand, etc., as applicable.

	2) Control panels:
	a) Panel construction.
	b) Point-to-point ladder diagrams.
	c) Scaled panel face and subpanel layout.
	d) Technical product data on panel components.
	e) Panel and subpanel dimensions and weights.
	f) Panel access openings.
	g) Nameplate schedule.
	h) Panel anchorage.



	4. Systems schematics and data:
	a. Provide system schematics where required in system specifications.
	1) Acknowledge all system components being supplied as part of the system.
	2) Utilize equipment, instrument and valving tag numbers defined in the Contract Documents for all components.
	3) Provide technical data for each system component showing compliance with the Contract Document requirements.
	4) For piping components, identify all utility connections, vents and drains which will be included as part of the system.


	5. For factory painted equipment, provide paint submittals in accordance with Specification Section 09905.
	6. Qualifications for :
	a. Vibration testing firm and personnel.
	b. Infrared thermography testing firm and personnel.
	c. Electrical equipment and connections testing firm and personnel.

	7. Testing plans, in accordance with PART 3 of this Specification Section:
	a. Vibration testing.
	b. Thermography testing.
	c. Electrical equipment and connection testing.


	B. Operation and Maintenance Manuals:
	1. See Specification Section 01340 for:
	a. The mechanics and administration of the submittal process.
	b. The content of Operation and Maintenance Manuals.


	C. Miscellaneous Submittals:
	1. Sample form letter for equipment field certification.
	2. Certification that equipment has been installed properly, has been initially started up, has been calibrated and/or adjusted as required, and is ready for operation.
	3. Certification for major equipment supports that equipment foundation design loads shown on the Drawings or specified have been compared to actual loads exhibited by equipment provided for this Project and that said design loadings are equal to or g...
	4. Field noise testing reports if such testing is specified in narrow-scope Specification Sections.
	5. Notification, at least one (1) week in advance, that motor testing will be conducted at factory.
	6. Certification from equipment manufacturer that all manufacturer-supplied control panels that interface in any way with other controls or panels have been submitted to and coordinated with the supplier/installer of those interfacing systems.
	7. Motor test reports.
	8. Certification prior to Project closeout that electrical panel drawings for manufacturer-supplied control panels truly represent panel wiring including any field-made modifications.
	9. Provide three (3) bound final written reports documenting vibration monitoring and testing for specified equipment.
	a. Include the acceptance criteria of all equipment tested.
	b. Provide individual tabbed sections for information associated with each piece of tested equipment.

	10. Preliminary field quality control testing format to be used as a basis for final field quality control reporting.
	11. Testing and monitoring reports in accordance with PART 3 of this Specification Section.
	12. Certification that driven equipment and VFD are compatible.



	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable (unless noted otherwise in the individual Division 11 Specifications Sections):
	1. Motors:
	a. Baldor.
	b. General Electric.
	c. Marathon Electric.
	d. Siemens.
	e. Teco-Westinghouse.
	f. U.S. Motors.
	g. WEG.


	B. Submit request for substitution in accordance with Specification Section 01630.

	2.02 MANUFACTURED UNITS
	A. Electric Motors:
	1. Where used in conjunction with adjustable speed AC or DC drives, provide motors that are fully compatible with the speed controllers.
	2. Design for frequent starting duty equivalent to duty service required by driven equipment.
	3. Design for full voltage starting unless otherwise specified.
	4. Design bearing life based upon actual operating load conditions imposed by driven equipment.
	5. Size for altitude of Project.
	6. Furnish with embossed stainless steel nameplates which include all data required by NEC Article 430.
	7. Use of manufacturer's standard motor will be permitted on integrally constructed motor driven equipment specified by model number in which a redesign of the complete unit would be required in order to provide a motor with features specified.
	8. AC electric motors less than 1/3 HP:
	a. Single phase, 60 Hz, designed for the supply voltage shown on the Drawings.
	b. Permanently lubricated sealed bearings conforming to ABMA standards.
	c. Built-in manual reset thermal protector or integrally mounted manual motor starter with thermal overload element with stainless steel enclosure.

	9. AC electric motors 1/3 to 1 HP:
	a. Single or 3 PH, 60 Hz, designed for the supply voltage shown on the Drawings.
	b. Permanently lubricated sealed bearings conforming to ABMA standards.
	1) For single phase motors, provide built-in manual reset thermal protector or integrally mounted manual motor starter with thermal overload element.


	10. AC electric motors 1-1/2 to 10 HP:
	a. Single or 3 PH, 60 Hz, designed for the supply voltage shown on the Drawings.
	b. Permanently lubricated sealed bearings conforming to ABMA standards.
	c. For vertical motors provide 15 year, average-life thrust bearings conforming to ABMA standards.

	11. AC electric motors greater than 10 HP:
	a. Single or 3 PH, 60 Hz, designed for the supply voltage shown on the Drawings.
	b. Oil or grease lubricated antifriction bearings conforming to ABMA standards.
	1) Design bearing life for 90 percent survival rating at 50,000 HRS of operation for motors up to and including 100 HP.
	2) For motors greater than 100 HP, design bearing life for 90 percent survival rating at 100,000 HRS of operation.

	c. For vertical motors provide 15 year, average-life thrust bearings conforming to ABMA standards.
	d. Thermal protection:
	1) Refer to narrow scope specifications for requirements.

	e. Motor space heater:
	1) Rated for 120V AC.
	2) Provide for all motors unless noted otherwise in the narrow scope specifications.


	12. Severe duty motor to have the following minimum features:
	a. All cast iron construction.
	b. Gasketed conduit box.
	c. Epoxy finish for corrosion protection.
	d. Hydroscopic varnish on windings for corrosion protection.
	e. Drain plug and breather.


	B. NEMA Design Squirrel Cage Induction Motors:
	1. Provide motors designed and applied in compliance with NEMA and IEEE for the specific duty imposed by the driven equipment.
	2. Motors to meet NEMA MG 1 (NEMA Premium) efficiencies.
	3. Do not provide motors having a locked rotor kVA per HP exceeding the NEMA standard for the assigned NEMA code letter.
	4. For use on VFDs, provide induction motors that are in compliance with NEMA MG 1, Part 31.
	5. Design motor insulation in accordance with NEMA standards for Class F insulation with Class B temperature rise above a 40 DegC ambient at nameplate horsepower.
	6. Design motors for continuous duty.
	7. Size motors having a 1.0 service factor so that nameplate HP is a minimum of 15 percent greater than the maximum HP requirements of the driven equipment over its entire operating range.
	a. As an alternative, furnish motors with a 1.15 service factor and size so that nameplate HP is at least equal to the maximum HP requirements of the driven equipment over its entire operating range.

	8. Motor enclosure and winding insulation application:
	a. The following shall apply unless modified by specific Specification Sections:

	9. Provide oversize conduit box complete with clamp type grounding terminals inside the conduit box.  Conduit boxes shall accept the number and sizes of conduits indicated on the Electrical Drawings.

	C. Submersible Motors:  Refer to individual narrow-scope Specification Sections for submersible motor requirements.
	D. V-Belt Drives:
	1. Provide each V-belt drive with sliding base or other suitable tension adjustment.
	2. Provide V-belt drives with a service factor of at least 1.6 at maximum speed.
	3. Provide staticproof belts.


	2.03 COMPONENTS
	A. Gear Drives and Drive Components:
	1. Size drive equipment capable of supporting full load including losses in speed reducers and power transmission.
	2. Provide nominal input horsepower rating of each gear or speed reducer at least equal to nameplate horsepower of drive motor.
	3. Design drive units for 24 HR continuous service, constructed so oil leakage around shafts is precluded.
	4. Utilize gears, gear lubrication systems, gear drives, speed reducers, speed increasers and flexible couplings meeting applicable standards of AGMA.
	5. Gear reducers:
	a. Provide gear reducer totally enclosed and oil lubricated.
	b. Utilize antifriction bearings throughout.
	c. Provide worm gear reducers having a service factor of at least 1.20.
	d. Furnish other helical, spiral bevel, and combination bevel-helical gear reducers with a service factor of at least 1.50.



	2.04 ACCESSORIES
	A. Guards:
	1. Provide each piece of equipment having exposed moving parts with full length, easily removable guards, meeting OSHA requirements.
	2. Interior applications:
	a. Construct from expanded galvanized steel rolled to conform to shaft or coupling surface.
	b. Utilize non-flattened type 16 GA galvanized steel with nominal 1/2 IN spacing.
	c. Connect to equipment frame with hot-dip galvanized bolts and wing nuts.

	3. Exterior applications:
	a. Construct from 16 GA stainless steel or aluminum.
	b. Construct to preclude entrance of rain, snow, or moisture.
	c. Roll to conform to shaft or coupling surface.
	d. Connect to equipment frame with stainless steel bolts and wing nuts.


	B. Anchorage:
	1. Cast-in-place anchorage:
	a. Provide ASTM F593, Type 316 stainless steel anchorage for all equipment.
	b. Configuration and number of anchor bolts shall be per manufacturer's recommendations.
	c. Provide two nuts for each bolt.

	2. Drilled anchorage:
	a. Adhesive anchors per Specification Section 05505.
	b. Epoxy grout per Specification Section 03308.
	c. Threaded rods same as cast-in-place.


	C. Data Plate:
	1. Attach a stainless steel data plate to each piece of rotary or reciprocating equipment.
	2. Permanently stamp information on data plate including manufacturer's name, equipment operating parameters, serial number and speed.

	D. Gages:
	1. Provide gages in accordance with Specification Section 13315.
	2. Provide at the following locations:
	a. Inlet and outlet of all reciprocating, centrifugal and positive displacement mechanical and process equipment.
	b. At locations identified on Drawings.

	3. Utilize tapping sleeves for mounting per Specification Section 15060.

	E. Lifting Eye Bolts or Lugs:
	1. Provide on all equipment 50 LBS or greater.
	2. Provide on other equipment or products as specified in the narrow-scope Specification Sections.

	F. Platforms and Ladders:
	1. Design and fabricate in accordance with OSHA Standards.
	2. Fabricate components from materials noted on the Drawings.
	3. Provide platform surface:  Non-skid grating or checkered plate as noted on the Drawings.


	2.05 FABRICATION
	A. Design, fabricate, and assemble equipment in accordance with modern engineering and shop practices.
	B. Manufacture individual parts to standard sizes and gages so that repair parts, furnished at any time, can be installed in field.
	C. Furnish like parts of duplicate units to be interchangeable.
	D. Ensure that equipment has not been in service at any time prior to delivery, except as required by tests.
	E. Furnish equipment which requires periodic internal inspection or adjustment with access panels which will not require disassembly of guards, dismantling of piping or equipment or similar major efforts.
	1. Quick opening but sound, securable access ports or windows shall be provided for inspection of chains, belts, or similar items.

	F. Provide common, lipped base plate mounting for equipment and equipment motor where said mounting is a manufacturer's standard option.
	1. Provide drain connection for 3/4 IN PVC tubing.

	G. Machine the mounting feet of rotating equipment.
	H. Fabricate equipment which will be subject to Corrosive Environment in such a way as to avoid back to back placement of surfaces that can not be properly prepared and painted.
	1. When such back to back fabrication can not be avoided, provide continuous welds to seal such surfaces from contact with corrosive environment.
	2. Where continuous welds are not practical, after painting seal the back to back surfaces from the environment in accordance with Specification Section 07900.

	I. Critical Speed:
	1. All rotating parts accurately machined and in as near perfect rotational balance as practicable.
	2. Excessive vibration is sufficient cause for equipment rejection.
	3. Ratio of all rotative speeds to critical speed of a unit or components:  Greater than 1.2.

	J. Control Panels Engineered and Provided with the Equipment by the Manufacturer:
	1. Manufacturer’s standard design for components and control logic unless specific requirements are specified in the specific equipment Specification Section.
	2. NEMA or IEC rated components are acceptable, whichever is used in the manufacturer’s standard engineered design, unless specific requirements are required in the specific equipment Specification Section.
	3. Affix entire assembly with a UL 508A label “Listed Enclosed Industrial Control Panel prior to delivery.
	a. Control panels without an affixed UL 508A label shall be rejected.

	4. Shall meet requirements of Section 13448.


	2.06 SHOP OR FACTORY PAINT FINISHES
	A. Electrical Equipment:
	1. Provide factory-applied paint coating system(s) for all electrical equipment components except those specified in Specification Section 09905 to receive field painting.
	a. Field painted equipment:  See Specification Section 09905 for factory applied primer/field paint compatibility requirements.


	B. Unless noted otherwise in the narrow-scope specifications, field paint other equipment in accordance with Specification Section 09905.
	1. See Specification Section 09905 for factory applied primer/field paint compatibility requirements.


	2.07 SOURCE QUALITY CONTROL
	A. Motor Tests:
	1. Test motors in accordance with NEMA and IEEE standards.
	2. Provide routine test for all motors.
	3. The Owner reserves the right to select and have tested, either routine or complete, any motor included in the project.
	a. The Owner will pay all costs, including shipping and handling, for all motors successfully passing the tests.
	b. The Contractor shall pay all costs, including shipping and handling, for all motors failing the tests.
	c. If two (2) successive motors of the same manufacturer fail testing, the Owner has the right to reject all motors from that manufacturer.




	Part 3: EXECUTION
	3.01 INSTALLATION
	A. Install equipment as shown on Drawings and in accordance with manufacturer's directions.
	B. Utilize templates for anchorage placement for slab-mounted equipment.
	C. For equipment having drainage requirements such as seal water, provide 3/4 IN PVC or clear plastic tubing from equipment base to nearest floor or equipment drain.
	1. Route clear of major traffic areas and as approved by Engineer.

	D. DO NOT construct foundations until major equipment supports are approved.
	E. Extend all non-accessible grease fittings using stainless steel tubing to a location which allows easy access of fittings from closest operating floor level.
	F. Equipment Base:
	1. Construct level in both directions.
	2. Take particular care at anchor bolt locations so these areas are flat and level.

	G. Machine Base:
	1. Mount machine base of rotating equipment on equipment base.
	a. Level in both directions, using a machinist level, according to machined surfaces on base.

	2. Level machine base on equipment base and align couplings between driver and driven unit using steel blocks and shims.
	a. Size blocks and shims to provide solid support at each mounting bolt location.
	1) Provide area size of blocks and shims approximately 1-1/2 times area support surface at each mounting bolt point.

	b. Provide blocks and shims at each mounting bolt.
	1) Furnish blocks and shims that are square shape with "U" cut out to allow blocks and shims to be centered on mounting bolts.

	c. After all leveling and alignment has been completed and before grouting, tighten mounting bolts to proper torque value.


	H. Couplings:
	1. Align in the annular and parallel positions.
	a. For equipment rotating at 1200 rpm or less, align both annular and parallel within 0.001 IN tolerance for couplings 4 IN size and smaller.
	1) Couplings larger than 4 IN size:  Increase tolerance 0.0005 IN per inches of coupling diameter, i.e., allow 6 IN coupling 0.002 IN tolerance, and allow a 10 IN coupling 0.004 IN tolerance.

	b. For equipment rotating at speeds greater than 1200 rpm allow both annular and parallel positions within a tolerance rate of 0.00025 IN per inch coupling diameter.

	2. If equipment is delivered as a mounted unit from factory, verify factory alignment on site after installation and realigned if necessary.
	3. Check surfaces for runout before attempting to trim or align units.

	I. Grouting:
	1. After machine base has been shimmed, leveled onto equipment base, couplings aligned and mounting bolts tightened to correct torque value, place a dam or formwork around base to contain grouting between equipment base and equipment support pad.
	a. Extend dam or formwork to cover leveling shims and blocks.
	b. Do not use nuts below the machine base to level the unit.

	2. Saturate top of roughened concrete subbase with water before grouting.
	a. Add grout until entire space under machine base is filled to the top of the base underside.
	b. Puddle grout by working a stiff wire through the grout and vent holes to work grout in place and release any entrained air in the grout or base cavity.

	3. When the grout has sufficiently hardened, remove dam or formwork and finish the exposed grout surface to fine, smooth surface.
	a. Cover exposed grout surfaces with wet burlap and keep covering sufficiently wet to prevent too rapid evaporation of water from the grout.
	b. When the grout has fully hardened (after a minimum of seven (7) days) tighten all anchor bolts to engage equipment base to grout, shims, and equipment support pad.
	c. Recheck driver-driven unit for proper alignment.



	3.02 INSTALLATION CHECKS
	A. For all equipment specifically required in detailed specifications, secure services of experienced, competent, and authorized representative(s) of equipment manufacturer to visit site of work and inspect, check, adjust and approve equipment install...
	1. In each case, representative(s) shall be present during placement and start-up of equipment and as often as necessary to resolve any operational issues which may arise.

	B. Secure from equipment manufacturer's representative(s) a written report certifying that equipment:
	1. Has been properly installed and lubricated.
	2. Is in accurate alignment.
	3. Is free from any undue stress imposed by connecting piping or anchor bolts.
	4. Has been operated under full load conditions and that it operated satisfactorily.
	a. Secure and deliver a field written report to Owner immediately prior to leaving jobsite.


	C. No separate payment shall be made for installation checks.
	1. All or any time expended during installation check does not qualify as Operation and Maintenance training or instruction time when specified.


	3.03 IDENTIFICATION OF EQUIPMENT AND HAZARD WARNING SIGNS
	A. Identify equipment and install hazard warning signs in accordance with Specification Section 10400.

	3.04 FIELD PAINTING AND PROTECTIVE COATINGS
	A. For required field painting and protective coatings, comply with Specification Section 09905.

	3.05 WIRING CONNECTIONS AND TERMINATION
	A. Clean wires before installing lugs and connectors.
	B. Terminate motor circuit conductors with copper lugs bolted to motor leads.
	C. Tape stripped ends of conductors and associated connectors with electrical tape.
	1. Wrapping thickness shall be 150 percent of the conductor insulation thickness.

	D. Connections to carry full ampacity of conductors without temperature rise.
	E. Terminate spare conductors with electrical tape.
	F. All wiring shall be labeled per 16195.

	3.06 FIELD QUALITY CONTROL
	A. General:
	1. Furnished equipment manufacturer’s field quality control services and testing as specified in the individual equipment Specification Sections.
	2. Execute pre-demonstration requirements in accordance with Specification Section 01650.
	3. Perform and report on all tests required by the equipment manufacturer’s Operation and Maintenance Manual.
	4. Provide testing of electrical equipment and connections in accordance with Division 16.
	5. Equip testing and analysis personnel with all appropriate project related reference material required to perform tests, analyze results, and provide documentation including, but not limited to:
	a. Contract Drawings and Specifications.
	b. Related construction change documentation.
	c. Approved Shop Drawings.
	d. Approved Operation and Maintenance Manuals.
	e. Other pertinent information as required.


	B. Equipment Monitoring and Testing Plans:
	1. Approved in accordance with Shop Drawing submittal schedule.
	2. Included as a minimum:
	a. Qualifications of firm, field personnel, and analysis personnel doing the Work.
	b. List and description of testing and analysis equipment to be utilized.
	c. List of all equipment to be testing, including:
	1) Name and tag numbers identified in the Contract Documents.
	2) Manufacturer’s serial numbers.
	3) Other pertinent manufacturer identification,



	C. Instruments Used in Equipment and Connections Quality Control Testing:
	1. Minimum calibration frequency:
	a. Field analog instruments:  Not more than 6 months.
	b. Field digital instruments:  Not more than 12 months.
	c. Laboratory instruments:  Not more than 12 months.
	d. If instrument manufacturer’s calibration requirements are more stringent, those requirements shall govern.

	2. Carry current calibration status and labels on all testing instruments.
	3. See individual testing programs for additional instrumentation compliance requirements.

	D. Testing and Monitoring Program Documentation:
	1. Provide reports with tabbed sections for each piece of equipment tested.
	2. Include all testing results associated with each piece of equipment under that equipment’s tabbed section.
	a. Include legible copies of all forms used to record field test information.

	3. Prior to start of testing, submit one (1) copy of preliminary report format for Engineer review and comment
	a. Include data gathering and sample test report forms that will be utilized.

	4. In the final report, include as a minimum, the following information for all equipment tested:
	a. Equipment identification, including:
	1) Name and tag numbers identified in the Contract Documents.
	2) Manufacturer’s serial numbers.
	3) Other pertinent manufacturer identification,

	b. Date and time of each test.
	c. Ambient conditions including temperature, humidity, and precipitation.
	d. Visual inspection report.
	e. Description of test and referenced standards, if any, followed while conducting tests.
	f. Results of initial and all retesting.
	g. Acceptance criteria.
	h. “As found” and “as left” conditions.
	i. Corrective action, if required, taken to meet acceptance.
	j. Verification of corrective action signed by the Contractor, equipment supplier, and Owner’s representative.
	k. Instrument calibration dates of all instruments used in testing.

	5. Provide three (3) bound final reports prior to Project final completion.

	E. Vibration Monitoring and Testing Program:
	1. Perform vibration monitoring and testing for equipment specified in Divisions 11, 12, 13, 14, and 15 during the Equipment Demonstration Period.
	2. Provide vibration testing on all rotating and reciprocating equipment having driver 200 HP and greater.
	3. Permanently attach vibration test and monitoring mounting pads to the equipment at locations recommended by the equipment manufacturer or as recommended by the vibration testing agency.
	4. Utilize mounting pads suitable for permanent installation and for incorporation into a predictable maintenance program.
	5. Additional requirements for vibration monitoring and testing equipment:
	a. Frequency response:  0.18 Hz to 25 kHz.
	b. Resolution:  6400 lines.
	c. Amplitude range:  18 bit for 96 dB dynamic range.
	d. Supports measurements of acceleration, velocity, displacement, envelope demodulation for bearing defect detection.
	e. Capable of two-place computer balancing.
	f. Requirements for vibration sensor:
	1) Sensitivity:  +/- 5 percent at 25 DegC= 100 mV/g.
	2) Acceleration range:  80 g peak.
	3) Amplitude nonlinearity:  1 percent.
	4) Frequency response:
	a) +/- 5 percent = 3-5000 Hz.
	b) +/- 10 percent = 1-9000 Hz.

	5) Permanently attach vibration test and monitoring mounting pads to mechanical equipment at location recommended by the equipment manufacturer or as recommended by the testing firm.
	6) Acceptability of equipment conditions, except pumps, based on ISO 1940-1 Balance Quality Grade G2.5 criteria.
	7) Acceptability of pumping equipment to be based on HI 9.6.4 criteria.
	8) Repair or replace equipment shown to be out of range of the acceptable tolerance until the equipment meets or exceeds acceptability standards.


	6. For variable speed equipment provide vibration testing at 1 Hz increments throughout entire operating range.
	7. Diagnosis to include, but is not limited to the following:
	a. Unbalance.
	b. Misalignment.
	c. Bent shaft.
	d. Journal bearing related problems.
	e. Rolling contract bearing problems.
	f. Mechanical looseness.
	g. Resonance.
	h. Foundation flexibility.
	i. Electrically induced problems.
	j. Pump problems.
	k. Fan problems.
	l. Coupling problems.
	m. Drive belt problems.
	n. Gear problems.
	o. Centrifugal compressor problems.
	p. Electric motor induced vibration from VFD or VFD carrier frequency.

	8. Provide machinery condition diagnosis based on an acceptable machinery vibration severity guide or machinery fault guide analysis provided by the testing agency, ISO 1940 Balance Quality Grade 6.3 as a minimum.
	9. Tolerances for pumping equipment shall be per HI published standards.
	10. Repair or replace equipment shown to be out of range of the specified tolerance until the equipment meets the specified normal operation range required in the machinery fault guide analysis.
	11. Document testing with written report.
	a. Report to include initial testing results, acceptance criteria, corrective action taken to meet acceptance, verification of corrective action and acceptance report and baseline.


	F. Infrared Thermography Testing Program:
	1. Perform infrared thermography testing for equipment specified in Divisions 11, 12, 13, 14, and 15 during the Equipment Demonstration Period.
	a. Perform on all rotating and reciprocating equipment having drivers 25 HP or greater.
	b. Perform on electrical equipment and connections:  See Specification Section 16080.

	2. Additional requirements for infrared thermography monitoring and testing equipment:
	a. Temperature range:  -10 to 350 DegC.
	b. Accuracy: +/-2 percent or 2 DegC, whichever is greater.
	c. Repeatability:  +/-1 percent or 1 DegC, whichever is greater.
	d. Temperature indication resolution:  0.1 DegC.
	e. Minimum focus distance:  0.3 meters.
	f. Output in color palettes:  JPEG, BMP, or other digital format compatible with Windows.

	3. Perform inspection per ASTM E1934.
	a. Operate VFD driven equipment at 100 percent speed during thermographic inspection.

	4. Acceptability of electrical connections and components based on temperature comparison between components and ambient air temperatures not greater than 10 DegC per ASTM E1934.
	5. Acceptability of motors and equipment bearings based on temperature rise not greater than 5 DegC above the equipment and/or bearing manufacturers published criteria.
	6. Repair or replace equipment shown to be out of range of the acceptable tolerance until the equipment meets or exceeds acceptability standards.

	G. Electrical Equipment and Connections Testing Program:
	1. Perform testing on Division 16 equipment and connections in accordance with Division 16 requirements.
	2. Inspect wire and connections for physical damage and proper connection.
	3. Testing of motors:
	a. After installation and prior to energizing the motor, perform inspections and tests per NETA ATS 7.15 for all motors 50 HP or above.
	b. Bump motor to check for correct rotation.

	4. Repair or replace equipment shown to be out of range of the acceptable tolerance until the equipment meets or exceeds acceptability standards.

	H. Other Testing:
	1. Perform tests and inspections not specifically listed but required to assure equipment is safe to energize and operate.
	2. Sub-base that supports the equipment base and that is made in the form of a cast iron or steel structure that has supporting beams, legs, and cross members that are cast, welded, or bolted shall be tested for a natural frequency of vibration after ...
	a. The ratio of the natural frequency of the structure to the frequency of the disturbing force shall not be between 0.5 and 1.5.


	I. After installation and prior to energizing the motor, provide insulation resistance test of all motors 50 HP and above.
	1. Conduct test with 500 or 1000 Vdc megger.
	2. Test each phase separately.
	3. Disconnect all extraneous leads to the motor.
	4. Comply with NEMA MG 1 safety requirements and test procedures.

	J. Bump motor to check for correct rotation:
	1. Ensure motor has been lubricated.
	2. Check prior to connection to driven equipment.

	K. Sub-base that supports the equipment base and that is made in the form of a cast iron or steel structure that has supporting beams, legs and cross member that are cast welded or bolted, shall be tested for a natural frequency of vibration after equ...
	1. Keep the ratio of the natural frequency of the structure to the frequency of the disturbing force out of the range from 0.5 to 1.5.


	3.07 DEMONSTRATION
	A. Demonstrate equipment in accordance with Specification Section 01650.



	11060
	PUMPING EQUIPMENT:  BASIC REQUIREMENTS
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Pumping equipment.

	B. Related Sections include but are not necessarily limited to:
	1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 - General Requirements.
	3. Section 09905 - Painting and Protective Coatings.
	4. Section 11005 - Equipment:  Basic Requirements.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. Hydraulic Institute (HI):
	a. Standards for Centrifugal, Rotary and Reciprocating Pumps.


	B. Fully coordinate all mechanical seal systems specified to ensure pump and seal compatibility.
	C. Pump/motor and VFD coordination:  See Section 11005.

	1.03 DEFINITIONS
	A. The abbreviations are defined as follows:
	1. IPS:  Iron Pipe Size.
	2. NPSHA:  Net Positive Suction Head Available.
	3. NPSHR:  Net Positive Suction Head Required.
	4. TDH:  Total Differential Head.
	5. TEFC:  Totally Enclosed Fan Cooled.
	6. TENV: Totally Enclosed Non-Ventilated
	7. VFD:  Variable Frequency Drive.

	B. Pump Service Category:  Pump or pumps having identical names (not tag numbers) used for specific pumping service.

	1.04 SUBMITTALS
	A. Shop Drawings
	1. See Specification Section 01340 for requirements for the mechanics and administration of the submittal process.
	2. See Specification Section 11005.
	3. Product technical data including:
	a. Performance data and curves with flow (gpm), head (FT), horsepower, efficiency, NPSH requirements, submergence requirement.
	b. Pump accessory data.
	c. Bearing supports, shafting details and lubrication provisions.
	d. Solids passage information.

	4. Certifications:
	a. Certified pump performance curves as described in Article 2.5.

	5. Test reports:
	a. Factory hydrostatic test.
	b. Factory performance test.


	B. Operation and Maintenance Manuals
	1. See Specification Section 01782 for requirements for:
	a. The mechanics and administration of the submittal process.
	b. The content of Operation and Maintenance Manuals.


	C. Miscellaneous
	1. Certifications:
	a. Provide a written statement that manufacturer's equipment has been installed properly, started up and is ready for operation by Owner's personnel.




	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Mechanical seals:
	a. Chesterton
	b. John Crane

	2. Seal water station:
	a. Chesterton.
	b. John Crane.
	c. AESSEAL.


	B. Submit request for substitution in accordance with Specification Section 01630.

	2.02 CENTRIFUGAL PUMP DESIGN
	A. Provide units with increasing head characteristics from the end run out portion of the curve to shutoff condition.
	B. The maximum net positive suction head required by pumping units shall be no more than 3 FT less than the specified minimum net positive suction head available.

	2.03 ACCESSORIES
	A. See Specification Section 11005.
	B. Each Unit:
	1. Lifting eye bolts or lugs.
	2. Plugged gage cock connection at suction and discharge nozzles.
	3. Tapped and plugged openings for casing and bearing housing vents and drains.
	4. Fittings for properly adding flushing lubricant.
	5. Pressure relief fittings for grease lubrication.

	C. Packing Seal:
	1. Provide packing unless mechanical seal is specified in narrow-scope pump sections.
	2. Minimum of five (5) rings graphite impregnated synthetic packing.
	3. Provide minimum 1/4 IN DIA supply tap and 1/2 IN DIA minimum drain tap.
	4. Provide split Teflon or bronze water seal ring.
	5. Adjustable split follower cast iron or bronze gland.

	D. Mechanical Seals:
	1. Provide as specified in the narrow-scope pump sections.

	E. Seal Water Station:
	1. Provide one unit per pump with manual shut-off valve on all pumps with seals requiring external clean-water cooling supply.
	2. Provide each seal water station with the valves and appurtenances as shown on the Drawings. Stations shall provide pressure regulation and monitoring and flow regulation and monitoring. Provide system with flow switch and solenoid valve where shown...
	3. Service:
	a. Supply water temperatures up to 100 Deg F.
	b. Supply pressure up to 140 psig; regulated to pressure required for the application.

	4. Mounting:
	a. Install seal water piping, valves, and appurtenances on a stainless steel or polypropylene backplane with Type 316 stainless steel channel support legs. Legs shall be floor or wall mounted.
	b. Maximum distance from non-potable water to shut-off ball valve to seal water station and seal water station to pump seal, 2 FT each direction.



	2.04 FABRICATION
	A. Pump Support:
	1. Design base to support weight of drive, shafting and pump.
	2. Comply with HI vibration limitations.
	3. Mount horizontal pump, motor and coupling on single piece drip lip type baseplate.
	4. Mount vertical pumps on single piece pedestal baseplate.
	5. Fabricate to withstand all operating loads transmitted from the pump and drive.


	2.05 SOURCE QUALITY CONTROL
	A. If specifically required in the individual pump specification sections, provide factory tests:
	1. All units:
	a. Hydrostatic test at 150 percent of shutoff head for a minimum of 5 minutes.

	2. Adjustable speed units:
	a. Head (FT) verses flow (gpm) pump curves:
	1) Maximum, minimum and two equally spaced intermittent speeds.
	2) Efficiencies along each curve.
	3) Brake horsepower along each curve.


	3. Constant speed units:
	a. Head (FT) versus flow (gpm) pump curves:
	1) Efficiencies along curve.
	2) Brake horsepower along each curve.


	4. Results certified by a registered professional engineer.

	B. Statically and dynamically balance each pump impeller per HI standards.


	Part 3: EXECUTION
	3.01 INSTALLATION
	A. See Section 11005.
	B. Floor or Pad-Mounted Units (Non-Submersible):
	1. Align vertically and horizontally level, wedge and plumb units to match piping interfaces.
	2. Assure no unnecessary stresses are transmitted to equipment flanges.
	3. Tighten flange bolts at uniform rate and manufacturer's recommended torque for uniform gasket compression.
	4. Support and match flange faces to uniform contact over entire face area prior to bolting pipe flange and equipment.
	5. Permit piping connecting to equipment to freely move in directions parallel to longitudinal centerline when and while bolts in connection flange are tightened.
	6. Grout equipment into place prior to final bolting of piping but not before initial fitting and alignment.
	7. Assemble connecting piping with gaskets in place and minimum of four (4) bolts per joint installed and tightened.
	a. Test alignment by loosening flange bolts to see if there is any change in relationship of piping flange with equipment connecting flange.
	b. Realign as necessary, install flange bolts and make equipment connection.

	8. Where required, field finish paint units as defined in Section 09905.
	9. Provide pressure gage on discharge of all pumps and on suction and discharge of all non-submersible units.

	C. Submersible Units:
	1. Assemble connecting piping with gaskets in place and minimum of four (4) bolts per joint installed and tightened.
	a. Test alignment by loosening flange bolts to see if there is any change in relationship of piping flange with equipment connecting flange.
	b. Realign as necessary, install flange bolts and make equipment connection.

	2. Where required, field finish paint units as defined in Section 09905.
	3. Provide pressure gage on discharge of all pumps and on suction and discharge of all non-submersible units.


	3.02 FIELD QUALITY CONTROL
	A. Provide services of equipment manufacturer's field service representative(s) to:
	1. Inspect equipment covered by these Specifications.
	2. Supervise pre-start adjustments and installation checks.
	3. Conduct initial startup of equipment and perform operational checks.
	4. Instruct Owner's personnel on operation and maintenance procedures for the specified minimum number of hours specified in each equipment specification section.

	B. Refer to narrow-scope equipment specifications for minimum number of hours required the above-specified services.
	C. See Sections 01735 and 01755 for additional requirements.



	11061
	PUMPING EQUIPMENT:  CENTRIFUGAL PUMPS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Non-clog centrifugal pumps – Flash mix pumps.
	2. Vertical multi-stage centrifugal pumps – PAC utility water booster pumps.

	B. Related Sections include but are not necessarily limited to:
	1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 01 - General Requirements.
	3. Section 11060 - Pumping Equipment:  Basic Requirements.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Bearing Manufacturers Association (ABMA).
	2. American Iron and Steel Institute (AISI):
	a. Steel Products Manual.

	3. American National Standards Institute (ANSI).
	4. ASTM International (ASTM):
	5. National Electrical Manufacturers Association (NEMA):
	6. National Fire Protection Agency (NFPA):
	a. 70, National Electrical Code (NEC).

	7. Underwriters Laboratories, Inc. (UL).


	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Sections 01330 and 01340 for requirements for the mechanics and administration of the submittal process.
	2. See Specification Section 11060.
	3. Source quality control test reports.
	4. Certifications:  Certification statement of solids passage.

	B. Operation and Maintenance Manuals:
	1. See Specification Section 01782 for requirements for:
	a. The mechanics and administration of the submittal process.
	b. The content of Operation and Maintenance Manuals.



	1.4 delivery, storage, and handling
	A. See Section 01610.

	1.5 WARRANTY
	A. Provide manufacturers standard one year warranty from the date of substantial completion.

	1.6 SYSTEM DESRIPTION
	A. The non-clog centrifugal pumps specified herein will be used to recirculate water at the flash mix basins.
	B. The vertical multistage centrifugal utility water booster pumps for PAC feed system.


	Part 2 - PRODUCTS
	2.1 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Non-clog centrifugal pumps:
	a. Fairbanks-Morse.
	b. Morris.
	c. Worthington.
	d. Flowserve

	2. Vertical multi-stage centrifugal pumps:
	a. Grundfos


	B. Submit request for substitution in accordance with Specification Section 01640.

	2.2 MATERIALS
	A. Flash Mix Pumps:
	1. Pump volute: Cast iron, ASTM A48, Class 30
	2. Impeller: Cast iron, ASTM A48, Class 30 or ductile iron, Grade 60-40-18 or stainless steel AISI 304
	3. Shaft: Carbon steel or stainless steel, {AISI 1045} {ASTM A108-C1141}.
	4. Impeller wear rings:  Stainless steel.
	5. Shaft sleeve:  Stainless steel.
	6. Stuffing box, gland bolts and nuts:  316 stainless steel.
	7. Packing:  Non-asbestos material.
	8. Frame:  Cast iron, ASTM A48.
	9. Bearing housing:  Cast iron, ASTM A48.
	10. Baseplate: Steel or Cast iron, ASTM A48.

	B. PAC utility water booster pump:
	1. Pump volute: Cast iron, ASTM A48, Class 30
	2. Impeller: 304 or 316 Stainless Steel
	3. Shaft: 304 or 316 Stainless Steel
	4. Impeller wear rings:  304 Stainless steel, AISI 400 AISI 416.
	5. Shaft sleeve:  Stainless steel.
	6. Frame:  Cast iron, ASTM A48.
	7. Station Ring:  Silicon carbide.
	8. Rotating Ring: Silicon carbide.
	9. O-Rings: EPDM.
	10. Baseplate:  Cast iron, ASTM A48.


	2.3 EQUIPMENT
	A. Performance and Configuration Requirements:
	1. Flash Mix Pumps: C-P-1, C-P-2, and C-P-3
	a. Design condition:  1500 gpm at 41FT TDH with minimum pump efficiency of 70 percent.
	b. Shutoff condition:  0 gpm at 70 FT TDH.
	c. Pump configuration:  Vertical
	d. Maximum pump speed:  1800 rpm.
	e. Nameplate driver horsepower: 25 HP.
	f. Drive type:  Constant speed.
	g. Drive configuration:  V-belt.
	h. Minimum solids passage:  3 IN DIA.
	i. Suction size 8 IN DIA minimum, discharge size 6 IN DIA minimum.
	j. Maximum net positive suction head required (NPSHR):  32 FT.

	2. Utility Water Booster Pumps: D-P-1 and D-P-2
	a. Design condition:  50 gpm at 140 FT TDH with minimum pump efficiency of 55 percent.
	b. Shutoff condition:  0 gpm at 170 FT TDH.
	c. Pump configuration:  Vertical
	d. Maximum pump speed:  3500 rpm.
	e. Nameplate driver horsepower: 3 HP.
	f. Drive type:  Constant speed.
	g. Suction size 3 IN DIA, discharge size 3 IN DIA.
	h. Maximum net positive suction head required (NPSHR):  9 FT.


	B. Provide pumps with net positive suction head requirements that are less than the available net positive suction head available at design condition specified.

	2.4 ACCESSORIES
	A. See Section 11060.

	2.5 FABRICATION
	A. General:
	1. Pump casing strength to withstand 150 percent of shutoff head.
	2. Single suction non-clog type pump fabrication.
	3. Built-together units not acceptable.
	4. Fabricate casing for impeller removal without disturbing suction and discharge piping.
	5. Tap and plug openings for minimum 1/2-IN IPS suction and discharge gage connections.
	a. Tap in discharge nozzle shall serve as a vent when gage is not used.

	6. Provide volute and suction clean out hand hole.

	B. Suction and Discharge:
	1. ANSI Class 150, 150 LB rated flanged nozzles for suction and discharge

	C. Impeller:
	1. Two vane impeller with smooth water passages to minimize clogging.
	2. Secure to keyed shaft by stainless steel connector.
	3. Install replaceable type wear rings.
	4. Impeller adjustment (manufacturer's option):
	a. Alternate A:
	1) Replaceable case and impeller wear rings allowing a minimum of 1/4 IN wearing surface.
	2) Impeller wear ring with a Brinell hardness of 190-220.
	3) Fronthead/casing wear ring with Brinell hardness of 300-350.

	b. Alternate B:
	1) Externally adjustable shims or jackscrews with locking device to take up impeller wear using split ring shims and to be installed at top bearing housing for vertical units.



	D. Shaft Seal:
	1. Provide stuffing box with integral cover.
	2. Minimum five (5) rings of packing complete with seal cage and split-type gland.
	3. Provide space for conversion to mechanical seals at later date.
	4. Provide sealing/flushing liquid connection to stuffing box in convenient locations.

	E. Shafting and Sleeves:
	1. Size shaft to transmit full driver output.
	2. Accurately machine and construct shaft.
	3. Incorporate shaft sleeve (minimum Brinell hardness of 180) in stuffing box area to protect shaft from pumped liquid.
	4. Provide positive shaft seal between shaft sleeve and shaft for full length of sleeve.
	5. Fabricate shaft for maximum deflection of 0.002 IN measured at the stuffing box.
	6. For vertically configured units with extended shafts, provide shafting and appurtenances meeting these additional requirements:
	a. Designed for continuous 24 HR duty at all speeds within the pump operating range.
	b. Utilize vertical self-aligning couplings to connect shaft to pump and driver.
	c. Provide minimum one (1) intermediate bearing support.
	d. Furnish one (1) slip spline to allow endwise movement.
	e. Furnish all steady bearings and supports required for extended staff applications.
	f. Provide lubrication system for shafting which permits greasing from accessible locations.


	F. Bearings, Bearing Support, and Frame:
	1. Provide bearing housings complete with grease seals and provisions to preclude moisture and foreign matter from entering both ends of the frame.
	2. Tap 3/4 IN drain hole in frame to convey leakage from packing gland.
	3. Supply bearings for a minimum ABMA L-10 life of 100,000 HRS at design condition.
	4. Furnish radial inboard bearings of either ball or roller type suitable to sustain all loads encountered in service conditions.
	5. Provide axial thrust outboard bearings of deep groove single or triple row ball type or angular contact double row ball type suitable for thrust loads in two (2) planes.

	G. Rotation:
	1. Pump rotation to conform with piping arrangement shown on Drawings.
	Vertical Multi-stage Centrifugal Pump


	2.6 SOURCE QUALITY CONTROL
	A. All Pumps:
	1. Hydrostatically test volute at 150 percent of shut off head.
	a. Furnish documentation of test.


	B. Factory test one (1) pump of each service category:
	1. Measure head (FT) versus flow (gpm).
	2. Furnish characteristic curve and include efficiency and horsepower.
	3. Certify curves by registered professional engineer.


	2.7 MAINTENANCE MATERIALS
	A. Extra Materials:
	1. Furnish Owner the following extra parts for each pump:
	a. Shaft sleeve:  One (1) each.
	b. Bearing sets:  One (1) set.
	c. Full gasket kits:  One (1) set.
	d. Packing:  Two (2) sets.




	Part 3 - EXECUTION
	3.1  INSTALLATION
	A. See Section 11060.

	3.2 FIELD QUALITY CONTROL
	A. See Section 11060.



	11063
	PUMPING EQUIPMENT:  SELF-PRIMING CENTRIFUGAL PUMPS
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Self-priming centrifugal pumps- Lime Slurry Unloading Pumps

	B. Related Sections include but are not necessarily limited to:
	1. Section 01340 – Shop Drawings, Product Data and Samples.
	2. Section 11005 – Equipment: Basic Requirements.
	3. Section 11060 - Pumping Equipment: Basic Requirements.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Bearing Manufacturers Association (ABMA).
	2. American Iron and Steel Institute (AISI).
	3. ASTM International (ASTM).
	4. National Electrical Manufacturers Association (NEMA):
	5. National Fire Protection Agency (NFPA):
	a. 70, National Electrical Code (NEC).

	6. Underwriters Laboratories, Inc. (UL).


	1.03 SUBMITTALS
	A. Shop Drawings
	1. See Sections 01330 and 01340 for requirements for the mechanics and administration of the submittal process.
	2. Requirements in Section 11060.

	B. Operation and Maintenance Manuals
	1. See Section 01782 for requirements for:
	a. The mechanics and administration of the submittal process.
	b. The content of Operation and Maintenance Manuals.



	1.04 DELIVERY, STORAgE, AND HANDLING
	A. See Section 01610.

	1.05 WARRANTY
	A. Provide manufacturers standard one year warranty from the date of substantial completion.

	1.06 SYSTEM DESRIPTION
	A. The pumping units specified herein will be used to off-load lime slurry from bulk delivery trucks at the chemical unloading stations.


	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Gorman Rupp.
	2. WEMCO.


	2.02 MATERIALS
	A. Lime Slurry Unloading Pumps:
	1. Pump volute casing: Cast iron, ASTM A48, Grade 30.
	2. Impeller: Cast iron, ASTM A48, Grade 30 or ductile iron, Grade 60-40-18.
	3. Cover plate: Cast iron, ASTM A48, Grade 30.
	4. Wear plate: Steel, AISI 1015 or cast iron, Grade 30.
	5. Shaft: Steel, AISI 4140.
	6. Shaft sleeves: Stainless steel, AISI 304.


	2.03 EQUIPMENT
	A. Performance and Configuration Requirements:
	1. Performance Requirements
	a. Pump shall be designed for a hydrated lime slurry with a specific gravity of 1.33, a viscosity of 3,000 centipoise, and solids concentration of 35%.

	2. Design Requirements:
	a. Pump tag numbers: O-UP-2051, O-UP-2052
	b. Design flow: 150 gpm
	c. Design Total Dynamic Head (TDH): [] FT
	d. Design pump efficiency: 45 %
	e. Shutoff condition: 0 gpm at [] FT TDH
	f. Maximum pump speed: 1800 rpm
	g. Nameplate driver horsepower: []
	h. Drive type: Constant speed
	i. Drive configuration: Vertical V-belt drive
	j. Minimum solids passage: 3 IN
	k. Suction nozzle size: [] IN DIA minimum
	l. Discharge nozzle size: [] IN DIA minimum.
	m. Total dynamic suction lift: -2 FT
	n. Net positive suction head available (NPSHA): 32 FT



	2.04 ACCESSORIES
	A. Provide mechanical shaft seal.  Shaft seal faces shall be tungsten titanium carbide.  Seal shall run in an oil chamber.
	B. Provide one automatic air release valve and vertical v-belt steel base for each pump.
	C. Provide one 120/240 VAC casing heater for each pump.
	D. See Section 11060 for additional accessories.

	2.05 FABRICATION
	A. General
	1. Equip with removable cover plates allowing complete access to pump interior.
	2. Fit with replaceable wear plates.
	3. Assure entire rotating assembly including bearings, shaft seal, and impeller may be removed as a unit without disturbing pump volute or piping.

	B. Impeller
	1. Two-vane, semi-open, non-clog type with integral pump out vanes on the back shroud.
	2. Provide for external adjustment of the impeller to the wear plate.  Clearance adjustment using only shaft, and not entire rotating assembly, is not acceptable.

	C. Shaft and Sleeve
	1. Size shaft to transmit full drive output.
	2. Accurately machine and construct shaft.
	3. Contain shaft within bearing pedestal of ample size to contain ball thrust bearing and radial bearing of adequate size to withstand all imposed loads.
	4. Incorporate shaft sleeve to protect shaft from pumped liquid.

	D. Bearings
	1. Oil lubricated.

	E. Rotation
	1. Pump rotation to conform with piping arrangement shown on Drawings.


	2.06 SURFACE PREPARATION, FACTORY PRIME, AND FINISH PAINTING
	A. Surface Preparation
	1. Non-submerged components scheduled for painting shall be sand blast cleaned in accordance with SSPC-SP-6 prior to priming. Submerged components scheduled for painting shall be sandblasted in accordance with SSPC-SP-10 prior to priming.

	B. Factory Priming
	1. Surfaces shall be dry and free of dust, oil, and grease before priming.
	2. Non-submerged and submerged ferrous metals shall be sprayed with one coat of epoxy paint, 3 to 4 mils dry film thickness (DFT), Tnemec Series L140 or equal.

	C. Finish Painting
	1. Finish painting for submerged ferrous metals shall consist of two coats of epoxy paint, 6 to 8 mils DFT per coat, Tnemec Series L140 or equal.
	2. Finish painting for non-submerged, exterior metals shall consist of one coat of epoxy paint, 6 to 8 mils DFT, Tnemec Series 69 of equal and one coat of polyurethane paint, 2 to 3 mils DFT, Tnemec Series 73 or equal.

	D. Stainless steel, aluminum, packing glands, flexible connectors, and mechanical mating and bearing surfaces shall not be primed or painted.
	E. Submit colors samples for Owner selection of finish color.

	2.07 SOURCE QUALITY CONTROL
	A. Hydrostatically test and performance test pumps in accordance with 11060.

	2.08 MAINTENANCE MATERIALS
	A. Special Tools
	1. Furnish all special tools required for normal maintenance.

	B. Furnish the Owner the following extra parts for each pump service category:
	1. One spare rotating assembly, which includes shaft, seal, impeller, seal housing, bearings, and bearing housing.



	Part 3: EXECUTION
	3.01 INSTALLATION
	A. Comply with requirements of Section 11005 and 11060.

	3.02 FIELD QUALITY CONTROL
	A. Provide Manufacturer’s Field Services as defined in Specification Section 01665 to provide the following.
	1. Inspection, checking, and adjustment as required for equipment to function as warranted by manufacturer and necessary to provide written approval of installation.
	2. Revisiting the site as required to correct problems and until installation and operation are acceptable to Owner.
	3. Assistance during Demonstration Period functional and performance testing and until product acceptance by the Owner.

	B. VENDOR TRAINING
	1. See Section 01735 for vendor training requirements.




	11065
	PUMPING EQUIPMENT:  SUMP PUMPS
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Submersible Sump Pumps – Area 21North Lime Storage Area and Area 26 South Lime Storage Area

	B. Related Sections include but are not necessarily limited to:
	1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 - General Requirements.
	3. Section 11005 – Equipment: General Requirements.
	4. Section 11060 - Pumping Equipment: Basic Requirements.


	1.02 SUBMITTALS
	A. Shop Drawings:
	1. See Section 01340 and 11005.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.


	B. Operation and Maintenance Manuals:
	1. See Section 01782.


	1.03 delivery storage and handling
	A. See Section 01610.

	1.04 warranty
	A. Provide manufacturer’s standard one year warranty from the date of substantial completion.


	Part 2: PRODUCTS
	2.01 accetpable manufacturers
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Hydromatic
	2. Barnes.
	3. Liberty
	4. Approved equal

	B. Submit requests for substitution in accordance with Specification Section 01630.

	2.02 MATERIAls
	A. Pump Casing: Cast Iron, ASTM A-48, Class 25; factory powder coated
	B. Impeller: Cast iron
	C. Shaft:  Type 416 Stainless steel.
	D. Mechanical seal: carbon ceramic

	2.03 equipment
	A. Performance and Configuration Requirements
	1. Pump Tag Nos. O-SP-03 and O-SP-04 (Area 21- North Lime Storage Area)
	a. Design flow: 60 gpm
	b. Design TDH: 19.5 ft
	c. Shut-off Head (Minimum): 24 ft
	d. Maximum pump speed: 1,725 rpm.
	e. Maximum nameplate driver horsepower:  1/2 HP.
	f. Drive type: Constant speed.
	g. Power supply: 480 VAC, 60 Hz, 3 phase
	h. Minimum solids passage: 2 IN.
	i. Discharge Size and Connection: 2 IN NPT
	j. Control type: Control panel with automatic duplex capability

	2. Pump Tag Nos. O-SP-01 and O-SP-02 (Area 26 - South Lime Storage Area)
	a. Design flow: 60 gpm
	b. Design TDH: 19.5 ft
	c. Shut-off Head (Minimum): 24 ft
	d. Maximum pump speed: 1,725 rpm.
	e. Maximum nameplate driver horsepower: 1/2 HP.
	f. Drive type: Constant speed.
	g. Power supply: 480 VAC, 60 Hz, 3 phase
	h. Minimum solids passage:  2 IN.
	i. Discharge Size and Connection: 2 IN NPT
	j. Control type: Control panel with automatic duplex capability



	2.04 FABRICATION
	A. General:
	1. Oil filled

	B. Impeller:
	1. Semi-open.
	2. Key to pump shafts with same material as shaft.

	C. Shaft Seal:
	1. Mechanical.

	D. Bearings:
	1. Single ball type

	E. Motor:
	1. Standard NEMA L design.
	2. Class B winding insulation.
	3. Three phase, 460 VAC, 60 Hz.


	2.05 accessories
	A. Provide valves and accessories as shown on the Drawings.

	2.06 Controls and Control Panels
	A. Pump Tag Numbers O-SP-01, O-SP-02, O-SP-03 and O-SP-04.
	1. Provide each pair of sump pumps with a relay-logic type control panel. Panel shall allow simplex pump operation with manual starting of each pump and automatic shut-down of each pump with an integral wide-angle float switch. Control enclosure shall...
	2. The control panel enclosure shall have the following door mounted equipment (at a minimum, See Drawings for additional requirements):


	a. Combination main disconnect switch and circuit breaker.
	b. System power WHITE indicator light.
	c. HAND-OFF selector switch for each pump.
	d. START and STOP pushbuttons for each pump.
	e. Pump “Running” RED indicator lamp for each pump.
	f. Pump “Stopped” GREEN indicator lamp for each pump.
	g. Pump “Fail” AMBER indicator lamp for each pump.
	h. Elapsed operation time meters.
	i. Alarm horn.
	j. Beacon.

	Part 3: EXECUTION
	3.01 INSTALLATION
	A. Comply with requirements of Section 11005 and 11060.

	3.02 FIELD QUALITY CONTROL
	A. Provide Manufacturer’s Field Services as defined in Specification Section 01665 to provide the following.
	1. Inspection, checking, and adjustment as required for equipment to function as warranted by manufacturer and necessary to provide written approval of installation.
	2. Revisiting the site as required to correct problems and until installation and operation are acceptable to Owner.
	3. Assistance during Demonstration Period functional and performance testing and until product acceptance by the Owner.

	B. VENDOR TRAINING
	1. See Section 01735 for vendor training requirements.
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	MIXERS
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Vertical shaft mixers and accessories for the following systems;
	a. Lime System
	b. Flocculation Aid Polymer System
	c. Coagulant Aid Polymer System


	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 0 – Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 – General Requirements
	3. Section 11005 – Equipment: Basic Requirements


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Bearing Manufacturers Association (ABMA).
	2. American Gear Manufacturers Association (AGMA).
	a. 390.03a, Gear Handbook – Gear Classification, Materials and Measuring Methods for Bevel, Hypoid, Fine Pitch Wormgearing and Racks Only as Unassembled Gears.

	3. American Iron and Steel Institute (AISI).
	4. National Sanitation Foundation (NSF).


	1.03 system description
	A. The lime tank mixers specified herein and the lime slurry bulk storage tanks specified in Section 13202 shall be coordinated, and supplied by a competent systems integrator. The systems integrator shall be regularly engaged in the business of assem...

	1.04 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01340 for requirements for the mechanics and administration of the submittal process.
	2. See requirements in Section 11005.
	3. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. General:
	1) Materials.
	2) Parts.
	3) Accessories.
	4) Assembly.
	5) Installation.

	c. Mixers.
	1) Manufacturer.
	2) Type and Model.
	3) Accessories.
	4) Dimensions and net weight.
	5) Pumping capacity and water horsepower or delivered power.
	6) Materials of construction.
	7) Mounting requirements and design forces: Torque and bending load.
	8) Disassembly procedure for impeller access.
	9) Calculations supporting all shaft and impeller design criteria (stress and critical speed).

	d. Drive units.
	1) Manufacturer.
	2) Type and model.
	3) Rated size.
	4) Temp rating and service factor.
	5) Dimensions and weight.
	6) Lubrication systems.

	e. Verification of bearing life.


	B. Operating and Maintenance Manuals
	1. The mechanics and administration of the submittal process, per Section 01782.
	2. The content of Operation and Maintenance Manuals.


	1.05 delivery storage and handling
	A. See Section 01610.

	1.06 warranty
	A. Provide manufacturer’s standard one year warranty from the date of substantial completion as defined in Division 0.

	1.07 SYSTEM DESCRIPTION
	A. Lime Slurry Tank Mixers
	1. The lime tank mixers specified herein and the lime tanks in Section 13202 shall be designed, coordinated, supplied by a competent systems integrator.  The systems integrator shall be regularly engaged in the business of designing and assembling tan...

	B. Flocculation Aid Polymer Mixing Tank Mixers
	1. Portable clamp on mixer to keep the flocculation aid polymer blend in suspension in the aging tank.

	C. Coagulant Aid Polymer Tank Mixers
	1. The coagulant aid polymer tank mixers specified herein and the polymer tanks in Section 13201 shall be designed, coordinated, supplied by a competent systems integrator.  The systems integrator shall be regularly engaged in the business of designin...



	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable.
	1. Philadelphia Mixers
	2. Lightnin Mixers
	3. Hayward Gordon
	4. Chemineer


	2.02 MATERIALS
	A. Lime Slurry Mixers:
	1. Gear Housing: Cast iron or ductile iron
	2. Impeller shaft: Rubber coated carbon steel.
	3. Impellers: Rubber coated carbon steel.
	4. Pedestal: Cast iron or fabricated carbon steel

	B. Flocculation Aid Polymer Mixers:
	1. Gear Housing: Cast iron
	2. Impeller shaft: 316 Stainless steel.
	3. Impellers: 316 Stainless steel.
	4. Pedestal: Cast iron or fabricated steel.

	C. Coagulant  Aid Polymer Mixers:
	1. Gear Housing: Cast iron
	2. Impeller shaft: 316 Stainless steel.
	3. Impellers: 316 Stainless steel.
	4. Pedestal: Cast iron or fabricated steel.


	2.03 equipment
	A. Performance and Design Requirements
	1. Lime System
	a. Mixing Requirements
	1) Mixers shall be design to maintain lime slurry in suspension.
	2) Upon installation, Contractor shall run each unit to demonstrated its ability to operate without overloading, jamming or excessive vibration during normal operation while maintaining lime slurry in suspension.
	3) The basis of design is a lime slurry consisting of:
	a) 35% solids by weight.
	b) Slurry specific gravity of 1.33.
	c) Slurry viscosity of 3,000 cps.


	b. Lime Slurry Mixers: Tag No. I-MX-1 and I-MX-2 (Existing Tanks)
	1) Number of units: 2
	2) Number of impellers per mixer: 3
	3) Minimum impeller diameter: 63 IN
	4) Maximum Motor HP: 10 HP
	5) Maximum Motor Speed: 1,200 rpm
	6) Mixer Rotating Speed: 30 to 45 rpm
	7) Minimum Shaft Diameter: 3.5 IN
	8) Approximate Shaft Length:  28.3 FT
	9) Drive Type: Single speed
	10) Mixer rotation viewed from driven end: Clockwise
	11) Motor/Gear Arrangement Type: Right angle or helical gear drive

	c. Lime Slurry Mixers: Tag No. I-MX-3 and I-MX-4 (New Tanks)
	1) Number of units: 2
	2) Number of impellers per mixer: 3
	3) Minimum impeller diameter: 58 IN
	4) Maximum Motor HP: 10 HP
	5) Maximum Motor Speed: 1,200 rpm
	6) Mixer Rotating Speed: 30 to 45 rpm
	7) Minimum Shaft Diameter: 5.5 IN
	8) Approximate Shaft Length:  27.5 FT
	9) Drive Type: Single speed
	10) Mixer rotation viewed from driven end: Clockwise
	11) Motor/Gear Arrangement Type: Right angle or helical gear drive


	2. Flocculation Aid Polymer System
	a. Mixing Requirements
	1) Mixers shall be design to maintain flocculation aid polymer mix in suspension.
	2) Upon installation, Contractor shall run each unit to demonstrate its ability to operate without overloading, jamming or excessive vibration during normal operation while maintaining polymer blend in suspension.
	3) The basis of design is a polymer slurry consisting of:
	a) 35% solids by weight.
	b) Slurry specific gravity of 1.2.
	c) Slurry viscosity of 1,200 cps.


	b. Flocculation Aid Polymer Mixers: Tag No. C-DT-1 and C-DT-2 (Existing Tanks)
	1) Number of units: 2
	2) Number of impellers per mixer: 1
	3) Minimum impeller diameter: 12 IN
	4) Maximum Motor HP: 1.5 HP
	5) Maximum Motor Speed: 1,200 rpm
	6) Mixer Rotating Speed: 30 to 45 rpm
	7) Minimum Shaft Diameter: 0.5 IN
	8) Approximate Shaft Length:  4 FT
	9) Drive Type: Single speed
	10)  Mixer rotation viewed from driven end: Clockwise
	11)  Motor/Gear Arrangement Type: Right angle or helical gear drive


	3. Coagulant Aid Polymer System
	a. Mixing Requirements
	1) Mixers shall be design to maintain flocculation aid polymer mix in suspension.
	2) Upon installation, Contractor shall run each unit to demonstrate its ability to operate without overloading, jamming or excessive vibration during normal operation while maintaining polymer blend in suspension.
	3) The basis of design is polymer slurry consisting of:
	a) 35% solids by weight.
	b) Slurry specific gravity of 1.2.
	c) Slurry viscosity of 1,200 cps.


	b. Coagulant Aid Polymer Mixers: Tag No. C-DT-7 and C-DT-8 (New Tanks)
	1) Number of units: 2
	2) Number of impellers per mixer: 1
	3) Minimum impeller diameter: 12 IN
	4) Maximum Motor HP: 1.5 HP
	5) Maximum Motor Speed: 1,200 rpm
	6) Mixer Rotating Speed: 30 to 45 rpm
	7) Minimum Shaft Diameter: 0.5 IN
	8) Approximate Shaft Length:  4 FT
	9) Drive Type: Single speed
	10)  Mixer rotation viewed from driven end: Clockwise
	11)  Motor/Gear Arrangement Type: Right angle or helical gear drive




	2.04 FABRICATION
	A. Impellers:
	1. Axial flow basic design.
	2. Dynamically and hydraulically stable.
	3. Impellers shall be high-efficiency turbine design.
	4. Impeller blades shall be bolted to a hub. The hub shall be fixed to the vertical shaft of the mixer with a hook key and set screws.
	5. The maximum combined stress in any impeller component shall not exceed 11,000 psi under maximum operating loads.
	6. The shaft/impeller design shall be such that its operating speed shall not exceed 65% of its first lateral critical speed. Stress and critical speed calculations supporting shaft and impeller design shall be submitted in accordance with the require...

	B. Speed Reducer
	1. Thermal ratings shall be calculated for continuous operation per AGMA standards based on maximum temperature of 200o F and an ambient temperature of 100o F.
	2. Totally enclosed two piece cast iron design consisting of a base and cover, precision doweled to maintain accurate alignment.
	3. Service factor: 2.0 nameplate on motor.
	4. The reducer shall be a vertical parallel shaft design with speed reduction being accomplished by use of helical gearing with no les than 98.5% efficiency per gear mesh.
	5. The maximum ratio fir any one gear set within the reducer shall be no greater than: 5:1.
	6. Gearing shall be lubricated by means of oil splash or immersion into the oil bath. Lubricants must comply with NSF requirements for potable water service.
	7. Drives shall be equipped with a dipstick and/or an oil level sight glass to check the oil level.
	8. Drives shall incorporate a drywell feature in the output area to eliminate the possibility of oil leakage down the shaft.
	9. Bearing design:
	a. Antifriction type, ball or roller.
	b. The output shaft shall employ a three bearing support system, two taper roller bearings and a lower self-aligning double row spherical roller bearing to provide a wide bearing span for mixer from the low speed gear mesh.
	c. All bearings within the drive, including the output shaft bearings, shall have a minimum L-10 life of 100,000 hours where operating at full motor nameplate horsepower at he designed speed.


	C. Coupling:
	1. Rigid flange on output shaft located for ease of access
	2. Welded or interference fit hub type
	3. Mated coupling faces provided with rabbeted male and female piloted connection.
	4. Shaft shall be designed such that the maximum combined stress does not exceed 9,000 psi under maximum operating loads.
	5. Coupling shall be an overhung design. The use of submerged steady bearings is not permitted.
	6. Shaft straightness and rigid coupling squareness must be such that the maximum total indicated runout at the lower end of the shaft does not exceed 0.125 IN for every 10 FT of shafting as measured when turning by hand.

	D. Motor:
	1. TEFC, chemical duty, rated for 480 VAC, 3 PH, 60 Hz power supply, meeting all requirements of 11005.
	2. Rated for continuous duty in a humid corrosive environment.
	3. Insulation shall be Class F with a Class B temperature rise at 40o C ambient at 1.0 service factor. Service factor shall be 1.15.
	4. Motor shall be squirrel cage induction type designed in accordance with applicable IEEEE, NEMA, and ANSI standards.
	5. Motors shall be connected to the reducer’s input shaft with an easily accessible torsionally resilient flexible coupling protected by an OSHA coupling guard.

	E. Mixer mount:
	1. Lime Mixers
	a. Tanks I-T-1 and I-T-2 (Existing Tanks)
	1) Contractor shall provide the existing tank information (opening diameter, mixer mounting arrangement, etc…) to the mixer manufacturer. .

	b. Tanks I-T-3 and I-T-4 (New Tanks)
	1) Contractor shall coordinate required dimensions of mount support angles with the lime slurry tank manufacturer (Section 13202).


	2.  Flocculation Aid Polymer Mixers
	a. Tanks C-DT-1 and C-DT-2 (Existing Tanks)
	1) Contractor shall provide the existing tank information (opening diameter, mixer mounting arrangement, etc…) to the mixer manufacturer.
	2) Mixer shall be of portable/clamp mount or fixed mount type. Contractor shall coordinate with the mixer manufacturer on the required mount support angles and accessories to mount the mixer to the tanks.


	3. Coagulant Aid Polymer Mixers
	a. Tanks C-DT-7 and C-DT-8 (New Tanks)
	1) Contractor shall coordinate required dimensions of mount support frame with the coagulant day tank manufacturer (Section 13201).




	2.05 source quality control
	A. Perform manufacturer’s standard run-in test at factory prior to shipment.

	2.06 SURFACE PREPARATION AND SHOP PRIME PAINTing
	A. General
	1. All welds shall be thoroughly cleaned and ground smooth in preparation for painting. All iron and steel surfaces, except motors and speed reducers, shall be solvent cleaned in accordance with SSPC-SP1 before shop primer is applied.
	2. All iron and steel surfaces, except motor, speed reducers, sprockets, drive chains, and stainless steel shall be given a shop coat of the manufacturer’s standard run inhibitive primer.

	B. Impellers and Mixer Shaft
	1. Impellers shall be coated with soft rubber (3/16 IN minimum) with an additional wear strip along the leading edges of the blade.



	Part 3: EXECUTION
	3.01 INSTALLATION
	A. Comply with requirements of Section 11005 and 11060.

	3.02 FIELD QUALITY CONTROL
	A. Provide Manufacturer’s Field Services as defined in Specification Section 01665 to provide the following.
	1. Inspection, checking, and adjustment as required for equipment to function as warranted by manufacturer and necessary to provide written approval of installation.
	2. Revisiting the site as required to correct problems and until installation and operation are acceptable to Owner.
	3. Assistance during Demonstration Period functional and performance testing and until product acceptance by the Owner.

	B. VENDOR TRAINING
	1. See Section 01735 for vendor training requirements.
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	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Fiberglass reinforced plastic (FRP) and polyethylene chemical storage tanks for the following systems:
	a. Hydrofluorosilicic Acid Day Tank
	b. Coagulant Aid Polymer Storage Day Tanks


	B. Related Specification Sections include but are not necessary limited to:
	1. Division 00 – Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 01 – General Requirements.
	3. Section 11005 – Equipment: Basic Requirements.
	4. Section 13315 – Instrumentation and Controls - Products
	5. Section 15060 – Pipe and Pipe Fittings: Basic Requirements.
	6. Section 15100 – Valves: Basic Requirements.


	1.02 QUALITY ASSURANCE
	A. Reference Standards:
	1. ASTM International (ASTM):
	2. Occupational, Health and Safety Administration (OHSA)

	B. Qualifications:
	1. Manufacturer shall be regularly engaged in the manufacturer of bulk storage facilities for not less than 5 years.
	2. Structural design shall be accomplished by a structural engineer registered in the State of Texas.


	1.03 SYSTEM DESCRIPTION
	A. Tank fittings and accessories furnished hereunder shall be installed at the location and in the space provided as shown on the drawings.
	B. All bulk chemical storage tanks are located outdoors with full sun exposure. All day tanks are located indoors.

	1.04 SUBMITTALS
	A. Submittals shall be in accordance with Section 01340 and shall include:
	1. Shop drawings.
	a. Shop drawing information shall include critical dimensions, fitting locations, construction materials, and approved chemical storage.
	b. The Manufacturer's literature shall include a description of construction of tank walls, fittings, and quality control procedures for in plant inspection of the tank during construction. Chemical resistance charts shall be by the Tank Manufacturer ...
	c. Tank Manufacturer shall submit assurance that field repair service can be offered and that the Tank Manufacturer has a representative that works in the project area.
	d. Submittal data shall be in such form and so presented that the Engineer may readily review the data.
	e. The Manufacturer shall submit a list of ten similar installations which have been in satisfactory operation for at least three years.


	B. Operation and Maintenance
	a. See Section 01782.


	1.05 DELIVERY AND STORAGE
	A. See Section 01610.

	1.06 warranty
	A. All tanks and associated equipment and appurtenances shall be guaranteed against defects in material and workmanship for a period of two years from the date of substantial completion of the project.


	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable.
	1. FRP Tanks:
	a. Diamond Fiberglass
	b. Augusta Fiberglass
	c. Belco
	d. Ershigs
	e. Enduro

	2. Polyethylene Tanks
	a. Poly Processing Co.
	b. Snyder Industries
	c. Assmann
	d. Approved equal


	B. Submit request for substitution in accordance with Specification Section 01630.

	2.02 design requirements
	A. General
	1. Seismic Design Category A
	2. Wind Load: 110 mph
	3. Concentrated Top Load Limit: 1,000 lbs @ 10 psi
	4. Uplift (for tanks sitting within a containment area):
	a. The tank anchoring system shall be designed for uplift forces caused by flooding in the chemical containment area.
	b. The storage tank shall be assumed to be empty with liquid chemical level outside the tank equal to the top of containment wall.

	5. Nominal capacities noted below shall be defined as the tank volume below the invert of the tank overflow nozzle.

	B. Hydrofluorosilicic Acid Day Tank
	1. Tag Number: I-DT-1 and I-DT-2
	2. Chemical Stored: Hydrofluorosilicic Acid
	3. Chemical Concentration: 23 to 25%
	4. Chemical Specific Gravity:  1.45
	5. Nominal Capacity (gallons): 60
	6. Diameter: 26 INCH
	7. Length: 42 INCH
	8. Tank Orientation: Vertical
	9. Wall Type: Double
	10. Tank Material: Cross-linked Polyethylene (HDXLPE)
	11. Fitting Material: PVC
	12. Gasket Material: EPDM
	13. Bolt Material: Alloy C-276
	14. Cable Tie-Down System Required: No
	15. Access Ladder and Handrail: No

	C. Coagulant Aid Polymer Storage Day Tanks
	1. Tag Numbers: C-DT-7 and C-DT-8
	2. Chemical Stored: Clarifloc (R) C-318 Polymer (Polydyne)
	3. Polymer pH: 5-7
	4. Chemical Specific Gravity: 1.09
	5. Nominal Capacity (gallons): 1,750
	6. Diameter: 7 FT 9 IN
	7. Height: 5 FT 1 IN
	8. Tank Orientation: Vertical
	9. Wall Type: Single
	10. Top Type: Open
	11. Tank Material: FRP
	12. Gasket Material: EPDM
	13. Bolt Material: Type 316 Stainless Steel
	14. Access Ladder: Yes
	15. Handrail: No
	16. Access Platform: Yes


	2.03 FRP Tanks
	A. Resins and Materials
	1. Resins:
	a. Resin to be resistant to chemicals stored.

	2. Reinforcement:
	a. Surfacing veil: Type C glass with silane finish and styrene-soluble barrier at 20 mils thick. Resin in exterior layer shall have a ultraviolet light inhibitor for resistance to sunlight.
	b. Chopped strand mat: Type E glass with silane finish and styrene- soluble binder.
	c. Continuous roving: Type E glass with chrome finish or silane finish.
	d. Woven roving: Type E glass with silane finish.
	e. Woven cloth: Type E glass with silane finish.

	3. Exposed metal: Stainless steel, ANSI Type 316.
	4. Lifting lugs and safety harness clips: Stainless steel, ANSI Type 316.

	B. Fabrication
	1. Helical filament-wound side walls and contact molded top and base construction. Filament winding shall be in accordance with ASTM D3299. Laminate shall be in accordance with ASTM C582. Chemical resistance tests shall be in accordance with ASTM C581.
	2. Minimum design safety factors and wall thickness per governing standard but not less than the following:
	a. Internal pressure: 10:1.
	b. External pressure: 5:1.
	c. Seismic loads: 3:1.

	3. Sufficient resin on all surfaces to prevent fiber show.
	4. Ends fabricated integrally with shell, or separately and laminated to shell.
	5. Joints made with heavy reinforced lay-ups for structural stability and to prevent leakage.
	6. Inner surface layer: 10-20 mils thick. Inner layer followed by laminate 80-90 mils thick, reinforced with non-continuous chopped strand fiberglass. Laminate layer resin content: 70-80 percent. Total thickness of 2 layers at least 100 mils.
	7. Structurally reinforce walls with helical filament winding of continuous strands, tops, and bases with fiberglass mat and/or woven roving. Thickness and glass content par tensile and flexural requirements.
	8. Reinforcing ribs per manufacturer's recommendations.
	9. Lifting lugs provided on tank.
	10. Coated with protective gel coat, color as selected by Engineer.
	11. Minimum wall thickness: 1/4 IN (anywhere on tank).
	12. Top of tank shall be a non-skid surface.

	C. Tank accessories:
	1. Flanged nozzles:
	a. Conically gusseted to tank, withstand 1,500 LBS bending, 2,000 FT-LBS torque.
	b. Flange diameter and drilling per ANSI B16.5, 150 LB.
	c. Same material as tank.
	d. Nozzles location and sizes as shown or specified.
	e. Press molded flanges not allowed.
	f. PVC flanges on vents attached to vessel not allowed.
	g. Provide flanges for manways, openings, and connections with 40 to 50 Durometer 1/8-IN thick full face gaskets suitable for use in the stated chemical environment.

	2. Furnish flanged inlet, outlet, vent, and overflow connections sized and oriented as shown on the Drawings.
	3. Manways and ventilation openings for tanks larger than 1,000 gallons:
	a. One 30 IN diameter top access manway, size and location as shown on the Drawings.
	b. One 30 IN diameter side access manway, size and location as shown on the Drawings.
	c. Provide goose neck vent with corrosion resistant bug screen.

	4. Exterior pipe supports on tanks:
	a. Provide to support overflow piping, tank fill/inlet piping, additional locations where shown on the Drawings, and as required to support electrical conduits.
	b. Supports shall allow easy installation of the pipe or conduit, as well as easy removal for repair or replacement if necessary.
	c. Supports shall be spaced 5 FT on center, and within 1 FT of elbows, valves, or check valves.

	5. Interior fill pipes for bulk chemical storage tanks.
	a. Schedule 80 PVC or FRP pipe extending from inlet connection to 9 IN above tank bottom. Material compatible with stored chemical.
	b. Interior flanged connection to tank nozzle at top and base support for 90 degree elbow at bottom.
	c. Pipe size to match exterior fill pipe.
	d. Pipe supports at 8 FT maximum, designed for easy pipe removal and replacement.
	e. 3/4 IN DIA by 6 IN long horizontal FRP vacuum breaking pipe from interior tank nozzle at top of tank, and pointed toward tank center.

	6. Tanks shall have complete tank drains. Provide slope on bottom of tank to drain.
	7. Furnish two, 6 IN flanged connection for level sensor on each tank roof as shown on the Drawings. Coordinate with level sensor supplier attachment requirements.
	8. Provide minimum of four stainless steel clips for connecting safety harnesses on top of each storage tank, rated at 300 pounds each.
	9. Tank Signage:
	a. Design Label
	1) Chemical contents, including:
	a) Concentration.
	b) Specific gravity.
	c) Maximum temp.

	2) Exterior resin.
	3) Interior resin.
	4) Tank capacity.
	5) Manufacturer.
	6) Manufacturer location.
	7) Date of manufacture.
	8) Seismic requirements.

	b. NFR Designation Sign
	1) Per NFPA 704
	2) 1.5 FT x 1.5 FT diamond
	3) Clearly visible to personnel once tanks installed


	10. A sight level gauge shall be provided. The sight level gauge shall be constructed of flexible PE or PVC tubing to allow for tank contraction and expansion due to loading and temperature changes. The level gage shall be connected to the tank with a...


	2.04 POLYETHYLENE TANKS
	A. Materials
	1. The tanks shall be a one-piece made from high density cross-linked polyethylene.
	2. Moulding powder shall be Marlex CL-200YJN by Phillips Petroleum Company; Paxon 7004 by Paxon, Inc. or resin of equal physical and chemical properties.
	3. The plastic shall not contain any fillers and shall contain a minimum of 0.25% and a maximum of 0.50% ultraviolet stabilizer.
	4. The minimum properties of the raw materials shall be as follows based on molded parts

	B. Fabrication
	1. Tanks shall be made using the rotational molding process. Tanks shall be designed so no external bracing, hoops, or supports are required. Tanks shall be single wall or double wall thickness as specified herein.
	2. The tanks shall be vented and will normally store the indicated chemicals at atmospheric pressure. Each tank and its appurtenances shall be designed to withstand the hydrostatic head which would result in the tanks and vents surcharged with the che...
	3. Tank orientation shall be as specified herein. The finished surface shall be free from visual defects, such as foreign inclusions, air bubbles, pin holes and craters.
	4. Tank minimum wall thickness shall be ¼ IN. A minimum wall thickness shall be supplied to provide a hoop stress of 650 psi at the point of highest stress, in compliance with ASTM D1998. The tank shall be flat bottom with a minimum knuckle radius at ...

	C. Tank Accessories
	1. Nozzles (below liquid level):
	a. Tank bottom outlets shall be complete drain type, SUMO as manufactured by Snyder, or IMFO as manufactured by Poly Processing.
	b. Nozzles shall be PVC two flange style. All nozzles below the tank liquid level shall be provided with flexible connectors/expansion joints as specified in Section 15060.

	2. Dome Fittings (top of tank)
	a. Bulkhead fittings shall be Schedule 80 PVC. Use only on flat dome areas.
	b. Universal dome flanged type fittings shall have flange attached to the tank wall.

	3. Vents shall be 3 IN "U" vent for bulk tanks and 1 IN "U" vent for day tanks.
	4. Manway shall be 19 IN top flanged for bulk tanks and 10 IN top flanged for day tanks.
	5. Tie-down lugs and tank lifting lugs shall be provided in accordance with the manufacturer's installation instructions. Tie down cable system shall be provided for tanks specified herein. Cable system shall be designed for 120 mph wind load. Cables ...
	6. Provide float-operated liquid level indicator on each bulk tank suitable for operation in the intended chemicals.
	7. A sight level gauge shall be provided. The sight level gauge shall be constructed of flexible PE or PVC tubing to allow for tank contraction and expansion due to loading and temperature changes.  The level gage shall be connected to the tank with a...
	8. Pipe support brackets for riser pipes and tank fill pipes shall be rigidly connected to the tank with a gasketed stud bolt. Provide supports every 6 FT.
	9. Platform, Access Ladder and Safety Rail:
	a. One required for each tank where scheduled herein.
	b. Construction:  Carbon steel with fiberglass reinforced plastic coating capable of a minimum capacity of a 300-lb. load.
	c. Ladder shall be 18 IN between side rails, 12 IN between rungs.  Rungs shall be non-slip and square.
	d. OSHA approved ladder with safety cage, mounted and supported from the vessel.  Attachment fasteners shall be stainless steel.
	e. Stainless steel angle clips shall be furnished for mounting at the bottom of the ladder to the concrete pad.
	f. Provide a 42 IN tall, fiberglass reinforced plastic handrail around the top perimeter of each tank  or access platform where shown on the Drawings.  Handrail shall be OSHA approved.

	10. For threaded bulkhead fittings locations and quantities on the tanks refer to the Drawings.
	11. For all double wall tanks, provide an interstitial leak detection system. System shall consist of two conductance type probes (ground and active), cable, and controls. Controls shall be mounted in a NEMA 4X rated FRP enclosure. System shall includ...


	2.05 Source quality control
	A. FRP Tanks
	1. The FRP tank manufacturer shall have a quality control procedure to ensure that all fabrication complies with the specified requirements and ensures that all laminates are at least the equal to the reference samples in laminate quality.
	2. Fabricators Quality Assurance Supervisor shall perform a final inspection of all tanks prior to factory testing. Final inspections shall include check for: resin cure, dimensions, laminate thickness, physical properties, reinforcing content, pressu...
	a. The internal corrosion barrier shall be visually inspected to ensure that imperfections in this laminate are within tolerances of Visual Inspection Level 2 per Table 6-1 of ASME RTP-1.
	b. The structural layer and exterior shall be visually inspected to ensure that imperfections in this laminate are within tolerances of Visual Inspection Level 2 per Table 6-1 of ASME RTP-1.
	c. Inspections shall be made before exterior pigmented coating is applied to the shell and head of the vessels.

	3. A Quality Control Inspection Report, approved and signed by the Fabricators Quality Assurance Supervisor, shall be prepared and submitted for review and approval by the Engineer. The report shall include the following:
	a. Barcol Hardness readings
	b. Thickness measurements
	c. Measurements showing compliance with dimensions specified herein
	d. Laminate quality, presence of pits, inclusions, dry spots, air bubbles, and delamination

	4. Allowable surface tolerances:
	a. Cracks: None.
	b. Crazing (fine surface cracks): None.
	c. Blisters: None.
	d. Wrinkles: Max deviation: 10 percent of wall thickness, but not exceeding 1/8 IN.
	e. Pits: Max dimension: 1/8 IN DIA x 1/32 IN deep, max number: 10 SF.
	f. Surface porosity: None.
	g. Chips: None.
	h. Dry spot: None.
	i. Entrapped air (bubbles or voids in the laminate):
	1) Maximum density of 2 SQ IN at maximum diameter of 1/16 IN.
	2) Maximum density of 2 SF at maximum diameter of 1/8 IN.
	3) None to a depth of 1/32 IN.

	j. Exposed glass: None.
	k. Burned areas: None.
	l. Exposure of cut edges: None.
	m. Scratches: None.
	n. Foreign matter: None.

	5. Upon completion of fabrication and inspection, the following factory tests shall be performed for each tank:
	a. Hydrostatic Leak Test
	1) Fill to top nozzle, allow to stand for 48 hours with no visible leakage

	b. Factory Test Report
	1) Inspection records
	2) Results of hydrostatic testing
	3) Test reports of physical properties of standard laminates


	6. Shop repair, if required, to correct tank defects must be approved in writing by the Engineer.
	7. Owner and Engineer reserve the right to inspect the tanks prior to shipment, following review of all factory test reports.

	B. Polyethylene Tanks
	1. The tank manufacturer shall have a quality control procedure to ensure that all fabrication complies with the specified requirements. Quality control shall include a final inspection of the manufacturer and written record of the final inspection.
	2. Manufacturer shall provide the following:
	a. Thickness measurements
	b. Measurements showing compliance with dimensions specified herein
	c. Surface quality, presence of pits, inclusions, dry spots, air bubbles, and delamination
	d. A separate inspection record shall be made for each tank. Copies of the reports shall be sent to the Engineer for review prior to shipment of the tanks.

	3. Testing
	a. The tank manufacturer shall perform the tests described below prior to shipping. Test samples shall be taken from the manway cut-out area or where fittings are inserted in each tank.
	1) Impact Test: ASTM D746 standard method shall be used in this test. Sample shall not shatter at 200ft-lbs with sample at minus 40 deg F for wall thickness greater than ½ IN. Fall a wall thickness less than ½ IN, the sample shall not shatter at 100 f...
	2) Degree of Cross-linking Test: ASTM D2765 as modified by Phillips PTC Report 193 shall be used. A minimum of 70 percent Gel must be obtained.
	3) Hydrostatic Test: Tank shall be filled with water and checked for leaks no less than 48 hours after filling.
	4) Wall Thickness: each tank shall have an actual wall thickness measurement taken at every 90 degrees, at each one foot of elevation, up to three feet from the bottom of the tank.





	UNITS
	VALUE
	ASTM NO.
	PROPERTY
	0.940 to 0.945
	g/cc
	ASTM D1505
	Density
	ESCR spec thickness 125 mils F 50
	Hrs
	>1000
	ASTM D1693
	ASTM D638 Type IV Spec
	Tensile Strength Ultimate 2-in/min
	psi
	2600
	ASTM D638 Type IV Spec
	Elongation at Break 2-in/min
	Percent
	400
	Vicat Softening Temp.
	Deg F
	240
	ASTM D1525
	Deg F
	Minus 130
	ASTM D746
	Brittleness Temp
	100,000 to 110,000
	psi
	ASTM D790
	Flexural Modulus
	Part 3: EXECUTION
	3.01 INSTALLATION
	A. Upon delivery, check tanks closely for damage.  If damaged, the tanks will not be accepted unless repairs are made in accordance with the manufacturer's recommendations and the manufacturer certifies in writing that the repairs were made in accorda...
	B. Install the tanks in complete accordance with the manufacturer's installation instructions.
	C. The tank foundation must provide smooth continuous full bottom support (maximum deviation 1/8-IN per 10 feet in any direction).  Install tanks on 1/4-inch thick neoprene pad on similar pad as recommended by tank manufacturer.
	D. Tanks must not be grouted.
	E. Anchorage
	1. FRP Tanks: Secure bulk chemical storage tanks to foundations with minimum 3/4 IN diameter stainless steel bolts set in the foundation. Secure day tanks with 1/2 IN stainless steel adhesive anchors.  Repair damaged coatings.
	2. Polyethylene Tanks: Install tanks with manufacturer required tie-down system.


	3.02 FIELD QUALITY CONTROL
	A. Field Testing
	1. Fill each tank to the overflow pipe with water. Tank and fittings shall hold water without loss, evidence of weeping, or capillary action for a period of 48 hours prior to acceptance.

	B. Cleaning
	1. Tank interior surfaces shall be cleaned and decontaminated following field testing.
	2. Surfaces to be cleaned must be cleaned with a mild detergent capable of removing grease, oil, or other residue. No abrasive cleaning agents shall be used. Thoroughly rinse detergent. Pressure washers shall not be used on the tank surfaces.

	C. Provide manufacturer’s field services and training as defined in Specification Section 01665 and 01735 to provide the following.
	1. Inspection, checking, and adjustment as required for equipment to function as warranted by manufacturer and necessary to provide written approval of installation.
	2. Operation and maintenance training.
	3. Revisiting the site as required to correct problems and until installation and operation are acceptable to Owner.
	4. Assistance during Demonstration Period functional and performance testing and until product acceptance by the Owner.
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	Part 1: G E N E R A L
	1.01 SUMMARY
	A. Section Includes:
	1. Stainless steel chemical storage tanks and accessories for the following systems:
	a. Lime Slurry Bulk Storage Tanks


	B. Related Specification Sections include but are not necessary limited to:
	1. Division 0 – Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 – General Requirements.
	3. Sections 09905 – Paint and Protective Coatings
	4. Section 11005 – Equipment: Basic Requirements.
	5. Section 13315 – Instrumentation and Controls - Products
	6. Section 15060 – Pipe and Pipe Fittings: Basic Requirements.
	7. Section 15100 – Valves: Basic Requirements.


	1.02 QUALITY ASSURANCE
	A. Reference Standards
	1. ASME Boiler and Pressure Vessel Code
	2. ASTM A193 - Alloy-Steel and Stainless Steel Bolting Materials for High Temperature Service.
	3. ASTM A194 - Carbon and Alloy Steel Nuts for Bolts for High Pressure and High Temperature Service.

	B. Manufacturer's Qualifications
	1. Manufacturer shall be regularly engaged in the manufacturer of bulk storage facilities for not less than 5 years.
	2. Structural design shall be performed by a structural engineer registered in the State of Texas.


	1.03 system description
	A. The lime slurry bulk storage tanks specified herein and the lime tank mixers specified in Section 11373 shall be coordinated, and supplied by a competent systems integrator. The systems integrator shall be regularly engaged in the business of assem...

	1.04 SUBMITTALS
	A. Shop Drawings
	1. See Specification Section 01330 and 01340 for requirements for the mechanics and administration of the submittal process, and shop drawings.
	a. Design data on the tank
	b. Coating system (interior and exterior) to be used on the tank.
	c. General arrangement drawings showing arrangement of the fitting and accessories, interfaces with lime slurry mixer and site components, and loads imposed in other site support structures.
	d. Submit welder’s certificate with shop drawings.
	e. Structural design calculations by a structural engineer registered in the State of Texas shall be submitted for record purposes only.
	f. Submit manufacturer's certificates of compliance with ASME, ANSI, AWWA and other listed standards.


	B. Operation and Maintenance
	1. See Specification Section 01782 for requirements for:
	a. The mechanics and administration of the submittal process.
	b. The content of operation and maintenance manuals.



	1.05 DELIVERY, STORAGE AND HANDLING
	A. See Section 01610.

	1.06 warranty
	A. All tanks and associated equipment and appurtenances shall be guaranteed against defects in material and workmanship for a period of two years from the date of substantial completion of the project.


	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Tanks:
	a. Pittsburgh Tank and Tower Company, Inc.
	b. Palmer Mfg and Tank , Inc.
	c. Roy E. Hanson Jr. Mfg
	d. Joe White Tank Company



	2.02 DESIGN REQUIREMENTS
	A. General
	1. Nominal capacities noted below shall be defined as the tank volume below the invert of the tank overflow nozzle.
	2. Seismic Design Category A
	3. Wind Load: 100 mph
	4. Top Loads:
	a. Concentrated top load: Compute at 100 psf plus dead load
	b. Tank shall be designed to support the dead weight and all imposed loads from the vertical shaft mixer installed on top of tank.

	5. Uplift:
	a. The tank anchoring system shall be designed for uplift forces caused by flooding in the chemical containment area.
	b. The storage tank shall be assumed to be empty with liquid level outside the tank equal to the top of containment wall.

	6. Provide a minimum of four anti-rotation baffles in each tank configured and located within the tank as recommended by the mixer and tank manufacturer. Baffles shall be constructed from the same material as the tanks.

	B. Lime Slurry Storage Tanks
	1. Tank Tag No.: I-T-1, I-T-3
	2. Chemical Stored: Hydrated Lime Slurry
	3. Chemical Concentration: 35%
	4. Chemical Specific Gravity: 1.33
	5. Nominal Capacity (gallons) : 23,500
	6. Diameter: 12 FT 0 IN
	7. Shell Length: 30 FT 0 IN
	8. Tank Orientation: Vertical as shown on the Drawings
	9. Wall Type: Vertical
	10. Bottom: Flat


	2.03 TANKS
	A. Materials
	1. Tanks and supports shall be constructed from ASTM SA-240, Type 304L stainless steel. All flange and accessory hardware shall be type 316 stainless steel. Gaskets shall be compatible with the material stored.
	2. All welds shall be full penetration welds and shall be performed by an AWS certified welder.

	B. Fabrication
	1. Tanks shall be designed in accordance with ASME boiler and pressure vessel code, Section VIII, Division 1. Vessel to be marked with “U” stamp.
	2. Minimum design safety factors and wall thickness per governing standard but not less than the following:
	a. Internal Pressure: 10:1
	b. External Pressure: 5:1
	c. Seismic Loads: 3:1


	C. Surface Preparation
	1. Tank interior shall be commercial blasted per SSPC-SP6 and cleaned free of rust, slag, and other foreign matter.
	2. Tank exterior shall be brush blast cleaned per SSPC-SP7 to provide an even tank color.

	D. Tank Nozzles and Accessories
	1. General
	a. Nozzles to have full penetration welds. Nozzles to be 150 ANSI flanges or NPT threaded connection as shown on the Drawings or as specified herein.
	b. Provide lifting lugs on tanks.
	c. Tank Mounted Pipe Supports
	1) Provide to support overflow piping, tank fill piping, and other locations were shown on the Drawings and as required to support conduits.
	2) Supports shall be spaced 3 FT on center and within 1 FT of elbows, valves, and pipeline appurtenances.

	d. All flange and accessory hardware shall be Type 316 stainless steel.

	2. Nozzles and Manways
	a. Provide the following nozzles and manways at a minimum. Orient and locate as shown on the Drawings.
	1) 2, 30 IN diameter minimum bolted and hinged access hatch (top and side)
	2) 6 IN flange, overflow (side)
	3) 6 IN flange, drain (side)
	4) 3 IN flange, tank fill (top)
	5) 3 IN flange, Utility Water (top)
	6) 2 IN flange, pump suction (side)
	7) 2 IN flange, recirculation return (top)
	8) 2 IN flange, spare (side)
	9) 6 IN flange, spare (top)
	10)  2 IN NPT, tank level sensor (side)
	11) 1 IN NPT, spare (side)


	3. Access Ladder, Handrail, and Access Platform
	a. As required for each tank as shown on the Drawings.
	b. Ladder
	1) Type 316 stainless steel with a minimum capacity of 300 lb. Ladder shall be 18 IN between side rails, 12 IN between rungs. Rungs shall be non-slip and square.
	2) OSHA approved design with safety cage, mounted and supported from the tanks. Attachment hardware shall be stainless steel to match.
	3) Provide clips to mount the ladder to the concrete containment area pad.

	c. Handrail
	1) Provide a 42 IN tall, aluminum handrail with toe-board around the top perimeter of each tank. Handrail shall be OSHA approved. Provide dielectric isolating hardware as required.

	d. Access Platform
	1) Provide an access platform to connection to adjacent lime slurry storage tank as shown on the Drawings. Platform shall be of aluminum construction and designed for a 300 lbs load of 100 psf.
	2) Provide dielectric isolating hardware as required.


	4. Tank Signage
	a. Design Label
	1) Chemical contents, including:
	a) Concentration
	b) Specific Gravity
	c) Maximum Temp

	2) Tank capacity
	3) Manufacturer
	4) Manufacturer location
	5) Date of manufacture
	6) Materials of construction
	7) Seismic requirements

	b. NFR Designation Sign
	1) Per NFPA 704
	2) 1.5 FT x 1.5 FT
	3) Clearly visible to personnel once tanks installed




	2.04 SOURCE QUALITY CONTROL
	A. The tank shall be factory hydrostatically tested at a pressure of 40 psig. The pressure shall be held and each weld tested with seam test solution to demonstrate there are no leaks.


	Part 3: execution
	3.01 INSTALLATION
	A. The tanks shall be installed in accordance with the manufacturer’s written instructions. Tanks shall be installed on a neoprene pad or other resilient support as recommended by the tank manufacturer.
	B. The contractor shall be responsible for installing mixer, piping and other equipment on the tank.
	C. Cleaning
	1. Tank interior surfaces shall be cleaned and decontaminated following field testing.
	2. Surfaces to be cleaned must be cleaned with a mild detergent capable of removing grease, oil, or other residue. No abrasive cleaning agents shall be used. Thoroughly rinse detergent. Pressure washers shall not be used on the tank surfaces.


	3.02 FIELD QUALITY CONTROL
	A. Provide Manufacturer’s Field Services as defined in Specification Section 01665 to provide the following.
	1. Inspection, checking, and adjustment as required for equipment to function as warranted by manufacturer and necessary to provide written approval of installation.
	2. Revisiting the site as required to correct problems and until installation and operation are acceptable to Owner.
	3. Assistance during Demonstration Period functional and performance testing and until product acceptance by the Owner.

	B. Field Testing
	1. After shipment to the jobsite, but prior to installation, tank shall be hydrostatically pressure tested by the Contractor at 40 psi for 1 hour.  During testing, connections may be plugged but shall not be blocked or plugged on the inside.  If there...
	2.

	C. VENDOR TRAINING
	1. See Section 01735 for vendor training requirements.
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	CHEMICAL STORAGE TANK TESTING & INSPECTION
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Disposal of excess chemicals and rinsate prior to inspection and testing of each tank.
	2. Inspection and testing procedures for existing bulk chemical storage tanks, day tanks and scrubbers as specified herein.
	3. Reporting requirements.

	B. Related Specification Sections include but are not necessary limited to:
	1. Division 01 – General Requirements.
	2. Section 11005 – Equipment: Basic Requirements.


	1.02 MEASUREment AND pAYMENT
	A. Include the cost for bulk storage tank cleaning, inspection and testing, including removal, shipment and disposal of excess chemicals and rinsate, in  lump sum Base Bid Item No. 4, in Section 00410, Part B, Paragraph B.

	1.03 QUALITY ASSURANCE
	A. Reference Standards:
	1. ANSI/ASNT CP-189, ASNT Standard for Qualification and Certification of Nondestructive Testing Personnel, latest edition.
	2. ANSI/ASNT CP-105, ASNT Standard Topical Outlines for Qualification of Nondestructive Testing Personnel, latest edition.
	3. API 510, Pressure Vessel Inspection Code, latest edition
	4. API 579/ASME FFS-1, Fitness-For-Service, latest edition.
	5. ANSI/API Standard 2015 – Requirements for Safe Entry and Cleaning of Petroleum Storage Tanks, latest edition.
	6. SSPC-SP WJ-1/NACE WJ-1, Waterjet Cleaning of Metals–Clean to Bare Substrate
	7. STI SP001, Steel Tank Institute, Standard for the Inspection of Aboveground Storage Tanks, latest edition
	8. 29 CFR 1910, Occupational Safety and Health Administration (OSHA)

	B. Qualifications:
	1.  The contractor performing the inspection shall be certified as an authorized pressure vessel inspector. The contractor shall provide documented evidence of passing the National Board of Boiler and Pressure Vessel Inspectors examination and that al...
	2. Provide documentation showing compliance with all State of Texas licensing requirements.
	3. The contractor performing corrosion mapping shall be certified as an ASNT NDT Level III in Ultrasonic Testing per ASNT CP-189 and CP-105.
	4. The contractor shall be certified as a NACE Corrosion Specialist or Fitness-For-Service Inspector.
	5. The contractor, including all tank entrants, entry attendants, and entry supervisor, shall be trained in permit-required confined spaces in accordance with OSHA 29 CFR 1910.146.


	1.04 SYSTEM DESCRIPTION
	A. Contractor shall provide inspection and testing services for the following, existing bulk chemical storage tanks:
	1. Sodium Hydroxide Tanks I-T-3 and I-T-4
	2. Ferric Sulfate Tanks D-T-1, D-T-2, D-T-3, D-T-4, D-T-5, D-T-6
	3. Ammonium Hydroxide Tanks I-T-5, I-T-6, I-ST-1, C-DT-3 and C-DT-4
	4. Hydrofluorosilicic Acid Tanks I-T-7, I-T-8, and I-ST-2
	5. Lime Slurry Storage Tanks I-T-1 and I-T-2

	B. The City of Houston plant staff will drain the chemicals from the tanks to the extent possible subject to limitations of the tank configuration, and the ability to utilize the chemicals in the treatment process. Contractor shall be responsible for ...
	C. Tank inspection firm shall provide written reports documenting each tank condition, an estimate of each tank’s remaining service life, as well as recommended tank repairs and modifications, if required.

	1.05 SUBMITTALS
	A. Submittals shall be in accordance with Section 01330 and shall include:
	1. Certifications for Tank Inspectors
	a. Inspectors shall have been engaged in the tank testing field for at least three years.  Provide a list of 10 similar projects inspected by the proposed inspector.
	b. Provide documentation that the proposed inspectors meet the requirements of the Qualifications article herein.

	2. Test Plan and Schedule
	a. Test Plan and Schedule shall comply with the requirements of Section 01114.

	3. Certification of Waste Transportation Firms and Waste Disposal Facilities
	a. All firms transporting waste materials shall be properly licensed by the Texas Department of Transportation, the Texas Commission on Environmental Quality and appropriate federal agencies.
	b. Waste disposal facilities shall comply with all federal and state regulations applicable to their facilities and shall be properly certified and licensed by the TCEQ and the USEPA to handle the types and quantities of waste to be generated and remo...
	c. Prior to shipment of excess chemical tank contents and tank rinsate, provide documentation that all firms engaged in the transportation and disposal of the waste material are properly certified and licensed to engage in the transportation and/or di...

	4. Health and Safety Plan
	5. Draft Findings Report for each bulk storage tank inspected.
	6. Final Findings Report for each bulk storage tank inspected.

	B. Submittal data shall be in such form and so presented that the Engineer may readily review the data.


	Part 2: PRODUCTS
	2.01 ACCEPTABLE Tank inspection firms
	A.   METCO – Materials Evaluation and Testing Corporation, Houston, TX
	B.   Sentinel Integrity Solutions, Inc.
	C.   HMT Innovative Tank Solutions
	D. Submit request for substitution in accordance with Specification Section 01630.

	2.02 Description of bulk storage tanks to be Inspected
	A. Sodium Hydroxide Storage Tanks
	1. Number of Tanks: 2
	2. Tank Contents: Sodium Hydroxide, 25% to 50% solution
	3. Material of Construction: Type 316L stainless steel
	4. Tank Type: Vertical, atmospheric
	5. Nominal Tank Diameter: 12 FT
	6. Nominal Tank Height: 20 FT
	7. Nominal Tank Volume: 16,075 gallons, each

	B. Aqueous Ammonia Storage Tanks:
	1. Number of Tanks: 2
	2. Tank Contents: Aqueous Ammonia, 19% to 29%
	3. Material of Construction: Type 316L stainless steel
	4. Tank Type: Vertical, ASME code pressure vessel
	5. Nominal Tank Diameter: 10 FT
	6. Overall Tank Height: 20 FT
	7. Nominal Tank Volume: 11,750 gallons, each

	C. Aqueous Ammonia Scrubber Tank (I-ST-1)
	1. Number of Tanks: 1
	2. Tank Contents: Aqueous Ammonia, 19% to 29%
	3. Material of Construction: Fiberglass Reinforced Plastic
	4. Tank Type: Vertical, atmospheric
	5. Nominal Tank Diameter: 3.5 FT
	6. Overall Tank Height: 6.7 FT
	7. Nominal Tank Volume: 300 gallons

	D. Aqueous Ammonia Day Tanks (C-DT-3 and C-DT-4)
	1. Number of Tanks: 2
	2. Tank Contents: Aqueous Ammonia, 19% to 29%
	3. Material of Construction: Fiberglass Reinforced Plastic
	4. Tank Type: Vertical, ASME code pressure vessel
	5. Nominal Tank Diameter: 5 FT
	6. Overall Tank Height: 6 FT
	7. Nominal Tank Volume: 750 gallons, each

	E. Lime Slurry Storage Tanks
	1. Number of Tanks: 2
	2. Tank Contents: Lime Slurry, 35%
	3. Material of Construction: Type 316L stainless steel
	4. Tank Type: Vertical, atmospheric
	5. Nominal Tank Diameter: 14.5 FT
	6. Nominal Tank Height: 30 FT
	7. Nominal Tank Volume: 35,500 gallons, each

	F. Ferric Sulfate Storage Tanks
	1. Number of Tanks: 6
	2. Tank Contents: Ferric Sulfate, 25 to 50%
	3. Material of Construction: Fiberglass Reinforced Plastic (FRP)
	4. Tank Type: Vertical, atmospheric
	5. Nominal Tank Diameter: 12 FT
	6. Nominal Tank Height: 18 FT
	7. Nominal Tank Volume: 25,000 gallons, each

	G. Hydrofluorosilicic Acid Storage Tanks (I-T-7 and I-T-8)
	1. Number of Tanks: 2
	2. Tank Contents: Hydrofluorosilicic Acid, 15 to 25%
	3. Material of Construction: High Density Polyethylene
	4. Tank Type: Vertical, atmospheric
	5. Nominal Tank Diameter: 6 FT
	6. Nominal Tank Height: 8 FT
	7. Nominal Tank Volume: 3,100 gallons, each

	H. Hydrofluorosilicic Acid Scrubber Tank (I-ST-2)
	1. Number of Tanks: 1
	2. Tank Contents: Hydrofluorosilicic Acid, 15 to 25%
	3. Material of Construction: High Density Polyethylene
	4. Tank Type: Vertical, atmospheric
	5. Nominal Tank Diameter: 3 FT
	6. Nominal Tank Height: 5 FT
	7. Nominal Tank Volume: 200 gallons



	Part 3: EXECUTION
	3.01 PREPARATION FOR INSPECTION
	A. Test Plan and Schedule
	1. Prepare a schedule for disposal of excess tank contents, tank rinsing, shipping of waste rinsate, inspection, testing, report preparation and delivery, and restoration of the inspected tank to operational service.
	2. Schedule shall comply with the requirements of Section 01114.  At least one of each of the bulk aqueous ammonia, caustic and lime slurry storage tanks shall remain in service, or available for serviceable use by EWPP staff at all times.

	B. Health and Safety Plan
	1. Prepare a health and safety plan, meeting OSHA requirements, that addresses all potential hazards and corresponding mitigating measures, in compliance with the requirements of 29 CFR 1910.
	2. Health and Safety Plan shall include a Confined Space Entry Plan.

	C. Flushing, Rinsing, Cleaning, and Disposal
	1. Clean each tank prior to inspection and testing in accordance with API Standard 2015, latest edition.
	2. Prior to removal of tank contents, flush the fill lines and recirculation lines of chemical, into the tank to be tested.  Scope of work should include excess product disposal of up to 25% of the nominal volume of each bulk storage tank.
	3. Neutralization of tank contents prior to characterization and disposal is acceptable, subject to compliance with applicable regulations.
	4. Contractor will dispose of the excess contents remaining in the tank prior to rinsing.
	a. Characterize the excess product in accordance with the requirements of the TCEQ licensed waste disposal facility.  Obtain approval for waste shipment in accordance with all applicable EPA and TCEQ regulations.
	b. Properly complete all documentation, forms and shipping manifests in accordance with applicable regulations.  The City of Houston will execute all forms requiring the signature of the waste generator.

	5. Conduct low pressure water cleaning of all of internal surfaces of all tanks in accordance with SSPC-SP WJ-1.
	6. Conduct analytical testing of the rinsate and dispose of the rinsate in accordance with the resulting rinsate characterization.  Comply with the requirements for disposing the excess contents of the tank described above.


	3.02 INSPECTION SERVICES
	A. Internal Inspection
	1. Conduct an internal inspection on all tanks in accordance with API 510 for ASME Code vessels, or STI SP001 for atmospheric vessels.  Perform photographic documentation of the inspection and include the photographs in the written report.
	2. Comply with all OSHA regulatory requirements, including the requirements for work in Confined Spaces.

	B. External Inspection
	1. Conduct an external inspection on all tanks in accordance with API 510 for ASME Code vessels, or STI SP001 for atmospheric vessels.  Perform photographic documentation of the inspection and include the photographs in the written report.


	3.03 TESTING SERVICES
	A. Corrosion Mapping
	1. Conduct ultrasonic corrosion mapping on all internal surfaces of all tanks.  The resultant C-Scan images shall be included in the written report.


	3.04 DELIVERABLES
	A. Testing Report
	1. Provide a draft findings report with all the data collected during the inspection and testing services. Include all inspection data evaluation, analysis, and recording in accordance with API 510, or STI SP001 as applicable. Include recommendations ...
	2. Revise the draft findings report to address or respond to provided comments. Provide a final findings report signed by the NACE Corrosion Specialist or Fitness-For-Service Inspector.
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	SCADA SOFTWARE ENGINEERING SECURITY AND QUALITY REQUIREMENTS
	Part 1: GENERAL
	1.01 PURPOSE
	A. This document identifies requirements for SCADA software and programming used for the control and monitoring of the Plant 1 and 2 High Service Pump Station.   These requirements are intended to address three related areas: 1) SCADA Homeland Securit...
	1. According to the National Strategy for Homeland Security water facilities are part of the nation’s critical infrastructure and the government agencies that are responsible shall take specific steps to improve SCADA security.
	a. Government agencies are required to “Establish policies to minimize the likelihood that organizational personnel will inadvertently disclose sensitive information regarding SCADA system design, operations, or security controls” and “Release data re...
	b. In compliance with these Homeland Security requirements all SCADA related information is restricted to authorized personnel.

	2. In compliance with Texas Engineering Practice Act (Article 3271a) and the recognition that SCADA software is an integral part of the electrical control of the water facilities and is therefore within the jurisdiction of the act:
	a. All SCADA software related work shall be performed by a licensed engineering firm meeting the qualifications as specified in these requirements and referred to within as the Software Engineer (SE). The software produced for the project shall be sta...

	3. Additionally, these requirements are to refine and perpetuate software engineering and software quality standards that will benefit the Water Operation Branch in the areas of facility operations, maintenance, and facility construction projects:
	a. The requirements are intended to benefit facility operations through encouraging SCADA standards of consistency in facility functionality and operation, improved process visibility, improved efficiency and control, lower operating costs and reduced...
	b. These requirements specify SCADA related issues in construction, deliverables and qualifications that will help ensure the availability and quality of SCADA system integration.
	c. SCADA related software integration activities have been identified as a key point of quality control for construction projects.  The SE shall subcontract directly to the general contractor and shall perform an independent assessment of the SCADA re...




	Part 2: PRODUCTS
	2.01 SCOPE
	A. The requirements defined in this document apply to COH water facility SCADA software including system control, monitoring and integration.    The scope includes new and existing facility construction projects where new SCADA software is required or...
	1. SCADA software activities shall be performed only by the pre-approved SE and include: PLC programming, HMI configuration and graphics development, historical logging software application and report generation, network configuration and programming.
	2. Manufactured packaged subsystems with pre-engineered software may be specifically excluded if specified in that subsystem equipment specification, that the system shall be shipped with the software as a fully functional unit.  The system PLC and HM...
	3. These requirements apply to all SCADA security related activities including configuration of servers, workstations and network equipment.



	Part 3: EXECUTION
	3.01 SOFTWARE ENGINEERING REQUIREMENTS
	A. The SE shall perform the software engineering functions as required within the scope section meeting the requirements within.
	1. The SE shall use the COH standards for SCADA software engineering and Homeland Security in all work performed.
	a. The SE shall identify and communicate omissions and required modifications to these standards.
	b. Details on these standards are restricted to authorized personnel only according to the Homeland Security requirements and are not included in these requirements.  The pre-approved SE is authorized for access to these standards.


	B. The SE shall provide the SCADA related submittals as defined in the submittals section.
	1. The SE shall perform the work required to complete the required SCADA software submittals.
	2. The SE shall review and report on the SCADA related submittals of the project subcontractors and equipment providers.

	C. The SE shall assist the project team including; the engineer, the water operations and equipment suppliers with the SCADA integration issues.
	1. The SE shall attend project meetings as required by the project team.
	2. The SE shall assist the project team with functional test of the system.
	a. This may include providing project related process data from the SCADA system.




	Part 4: MODIFICATIONS
	4.01 SUBMITTALS
	A. Within 30 days of the notice to proceed the SE shall submit a letter of SE qualifications specifically addressing each item of qualification as defined in these requirements.
	1. Include the SE professional engineering firm licensed number and date of issuance.
	2. Include a statement addressing the awareness of the Homeland Security concerns and intention to restrict the dissemination of security sensitive SCADA network information to those who are authorized by the COH and require the information in the sup...

	B. Within 90 days of the notice to proceed the SE will submit the Software Engineering Manual (Preliminary Report).
	1. Include the software conventions for the use in the HMI development.
	2. Include diagrams and schedules for all network devices associated with the process control and monitoring for the facility/facilities.
	3. Include the interfaces for the City SCADA network.
	4. Identify every network component (new and existing).
	5. The Software Engineering Manual will be updated for the final O&M.

	C. The SE will submit letters of software and network integration compatibility to be included in all the control related submittals.
	1. Included but not limited to: PLCs, network devices, computers, HMI devices.
	2. Include deviations from City standards and the construction specifications for electrical control drawings and tag naming conventions.
	3. Include deviations from the submitted Software Engineering Preliminary Report.
	4. Include the manufacturer supplied package systems with control panels.
	5. The SE shall distribute monthly a Software Engineering Integration Schedule highlighting software and system integration progress and issues.

	D. Factory demonstration test confirmation report
	1. After the required factory demonstration test the SE shall submit a report confirming the related software and network compatibility.

	E. Field Acceptance Functional Test
	1. Shall be completed prior to performance and reliability testing.
	2. Field Acceptance Functional Test Submittals shall include:
	a. Field Acceptance Functional Test Plan Submittal.
	b. Description of plan for testing field devices.
	c. Description of plan for function test and system integration of each subsystem.
	d. Field Acceptance Functional Test Schedule shall be submitted after the acceptance of the test plan submittal.
	e. Field Acceptance Functional Test plan completion report shall be submitted.


	F. Updated Software Engineering Manual (Final Version)
	1. Update and submit a singled CD with all related SCADA software.
	2. Control and network components.
	3. Inventory of software components.
	4. Network device configuration documentation.
	5. Software Engineering documentation.
	6. PLC and HMI software shall be documented using the product development tool.
	7. Software shall be stamped as required in Texas Engineering Practice Act (Article 3271a §137.33 Sealing Procedures) with the date, the engineers name, the PE designation with license number.
	8. The SE will collect and submit all software and network device configuration programs and data developed for the project.



	Part 5: SOFTWARE ENGINEER (SE) QUALIFICATIONS
	A. The Drinking Water Operations SCADA Group has set forth these qualifications for performing all SCADA related software activities for water facilities as defined in these requirements.
	B. SE qualifications:
	1. The SE shall be a Texas Registered Professional Engineering firm with a minimum of five (5) years of licensed history with the software engineering of the control systems for advanced Water treatment processes.
	2. The SE shall be experienced with the software application development packages which are used as standards for Water Operations including a minimum five (5) years of software engineering experience with Wonderware Archestra and G.E. IFIX HMI applic...
	3. The SE shall demonstrate a minimum of five (5) years of continuous Cisco Advanced Security expertise.  This ensures the SE has the required expertise to configure, secure and maintain the SCADA system network for applicable projects (excluding stan...
	4. The SE shall have errors and omissions insurance with coverage in the amount of $1,000,000.00 (aggregate).
	5. The SE shall have an existing office, within the City of Houston, and shall maintain that office for the duration of the warranty and extended software service requirement.
	6. To ensure effectiveness and objectivity in the review and reporting of SCADA related integration issues, the SE shall be an independent entity and provide only software engineering services for the construction projects.  Additional scope of automa...

	C. Approved SE:
	1. Automation Nation, Inc.
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	HEATING, VENTILATING, AND AIR CONDITIONING
	Part 1: GENERAL
	1.01 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.02 SUMMARY
	A. This Section includes the following:
	1. Grout.
	2. Mechanical demolition.
	3. Equipment installation requirements common to equipment sections.
	4. Painting and finishing.
	5. Concrete bases.


	1.03 DEFINITIONS
	A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawlspaces, and tunnels.
	B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces and mechanical equipment rooms.
	C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient temperatures and weather conditions.  Examples include rooftop locations.
	D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by building occupants.  Examples include above ceilings and in duct shafts.
	E. The following are industry abbreviations for rubber materials:
	1. EPDM:  Ethylene-propylene-diene terpolymer rubber.
	2. NBR:  Acrylonitrile-butadiene rubber.


	1.04 QUALITY ASSURANCE
	A. Electrical Characteristics for Mechanical Equipment:  Equipment of higher electrical characteristics may be furnished provided such proposed equipment is approved in writing; connecting electrical services, circuit breakers, and conduit sizes are a...

	1.05 COORDINATION
	A. Arrange for chases, slots, and openings in building structure during progress of construction, to allow for mechanical installations.
	B. Coordinate installation of required supporting devices and set sleeves in poured-in-place concrete and other structural components as they are constructed.


	Part 2: PRODUCTS
	2.01 MANUFACTURERS
	A. In other Part 2 articles where subparagraph titles below introduce lists, the following requirements apply for product selection:
	1. Manufacturers:  Subject to compliance with requirements, provide products by the manufacturers specified.


	2.02 GROUT
	A. Description:  ASTM C1107, Grade B, non-shrink and non-metallic, dry hydraulic-cement grout.
	1. Characteristics:  Post-hardening, volume-adjusting, non-staining, non-corrosive, non-gaseous, and recommended for interior and exterior applications.
	2. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength.
	3. Packaging:  Premixed and factory packaged.



	Part 3: EXECUTION
	3.01 MECHANICAL DEMOLITION
	A. Refer to Divisions 1 and 2 for general demolition requirements and procedures.
	B. Disconnect, demolish, and remove mechanical systems, equipment, and components indicated to be removed.
	1. Ducts to Be Removed:  Remove portion of ducts indicated to be removed and plug remaining ducts with same or compatible ductwork material.
	2. Ducts to Be Abandoned in Place:  Cap or plug ducts with same or compatible ductwork material.
	3. Equipment to Be Removed:  Disconnect and cap services and remove equipment.
	4. Equipment to Be Removed and Salvaged:  Disconnect and cap services and remove equipment and deliver to Owner.

	C. If insulation, or equipment to remain is damaged in appearance or is unserviceable, remove damaged or unserviceable portions and replace with new products of equal capacity and quality.

	3.02 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS
	A. Install equipment to allow maximum possible headroom unless specific mounting heights are indicated.
	B. Install equipment level and plumb, parallel and perpendicular to other building systems and components in exposed interior spaces, unless otherwise indicated.
	C. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of components.  Connect equipment for ease of disconnecting, with minimum interference to other installations.  Extend grease fittings to accessible locations.
	D. Install equipment to allow right of way for piping installed at required slope.

	3.03 PAINTING
	A. Painting of mechanical systems, equipment, and components is specified in Division 09.
	B. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and procedures to match original factory finish.

	3.04 CONCRETE BASES
	A. Concrete Bases:  Anchor equipment to concrete base according to equipment manufacturer’s written instructions and according to seismic codes at Project.
	1. Construct concrete bases of dimensions indicated, but not less than 4 inches (100 mm) larger in both directions than supported unit and not less than top level at 4 inches (100 mm) above grade or finished floor.
	2. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install dowel rods on 18-inch (450-mm) centers around the full perimeter of the base.
	3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete base, and anchor into structural concrete floor.
	4. Place and secure anchorage devices.  Use supported equipment manufacturer’s setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	5. Install anchor bolts to elevations required for proper attachment to supported equipment.
	6. Install anchor bolts according to anchor-bolt manufacturer’s written instructions.
	7. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete and reinforcement as specified in Division 03.


	3.05 GROUTING
	A. Mix and install grout for mechanical equipment base bearing surfaces, pump and other equipment base plates, and anchors.
	B. Clean surfaces that will come into contact with grout.
	C. Provide forms as required for placement of grout.
	D. Avoid air entrapment during placement of grout.
	E. Place grout, completely filling equipment bases.
	F. Place grout on concrete bases and provide smooth bearing surface for equipment.
	G. Place grout around anchors.
	H. Cure placed grout.
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	COMMON 39TMOTOR REQUIREMENTS FOR HVAC EQUIPMENT
	Part 1: GENERAL
	1.01 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.02 SUMMARY
	A. This Section includes basic requirements for factory-installed motors.

	1.03 DEFINITIONS
	A. Factory-Installed Motor:  A motor installed by motorized-equipment manufacturer as a component of equipment.

	1.04 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Comply with NFPA 70.

	1.05 COORDINATION
	A. Coordinate features of motors, installed units, and accessory devices and features that comply with the following:
	1. Compatible with the following:
	a. Magnetic controllers.
	b. Multispeed controllers.
	c. Reduced-voltage controllers.

	2. Designed and labeled for use with variable frequency controllers, and suitable for use throughout speed range without overheating.
	3. Matched to torque and horsepower requirements of the load.
	4. Matched to ratings and characteristics of supply circuit and required control sequence.



	Part 2: PRODUCTS
	2.01 MOTOR REQUIREMENTS
	A. Motor requirements apply to factory-installed motors except as follows:
	1. Different ratings, performance, or characteristics for a motor are specified in another Section.
	2. Manufacturer for a factory-installed motor requires ratings, performance, or characteristics, other than those specified in this Section, to meet performance specified.


	2.02 MOTOR CHARACTERISTICS
	A. Motors 3/4 HP and Larger:  Three phase.
	B. Motors Smaller Than 3/4 HP:  Single phase.
	C. Frequency Rating:  60 Hz.
	D. Voltage Rating:  NEMA standard voltage selected to operate on nominal circuit voltage to which motor is connected.
	E. Minimum Service Factor:  1.15 for open dripproof motors; 1.10 for totally enclosed motors.
	F. Duty:  Continuous duty at ambient temperature of 105 F (40 C) and at altitude of 3300 feet (1005 m) above sea level.
	G. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads at designated speeds, at installed altitude and environment, with indicated operating sequence, and without exceeding nameplate ratings or considerin...
	H. Enclosure:  Unless indicated otherwise, provide the following enclosure type:
	1. Open dripproof (ODP):  In indoor, moderately clean and dry environments.
	2. Totally enclosed, non-ventilated (TENV):  In damp, dirty, corrosive or contaminated environments.
	3. Totally enclosed, fan cooled (TEFC):  Outdoors.
	4. Hazardous location motors:
	a. In Class I environments which involve potentially explosive liquids, vapors and gases; with motor approved for specific hazard category as defined by Article 500 of the National Electric Code.
	b. Dust ignition resistant:  In Class II environments that contain combustible dusts such as coal, grain, flour, etc.



	2.03 POLYPHASE MOTORS
	A. Description:  NEMA MG 1, Design B, medium induction motor.
	B. Efficiency:  Premium as defined in NEMA MG 1.
	C. Stator:  Copper windings, unless otherwise indicated.
	1. Multispeed motors shall have separate winding for each speed.

	D. Rotor:  Squirrel cage, unless otherwise indicated.
	E. Bearings:  Double-shielded, prelubricated ball bearings suitable for radial and thrust loading.
	F. Temperature Rise:  Match insulation rating, unless otherwise indicated.
	G. Insulation:  Class F, unless otherwise indicated.
	H. Code Letter Designation:
	1. Motors 15 HP and Larger:  NEMA starting Code F or Code G.
	2. Motors Smaller Than 15 HP:  Manufacturer’s standard starting characteristic.

	I. Enclosure:  Cast iron for motors 7.5 HP and larger; rolled steel for motors smaller than 7.5 HP.
	1. Finish:  Gray enamel.


	2.04 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS
	A. Motors Used with Reduced-Inrush Controllers:  Match wiring connection requirements for controller with required motor leads.  Provide terminals in motor terminal box, suited to control method.
	B. Motors Used with Variable Frequency Controllers:  Inverter – duty rated. Ratings, characteristics, and features coordinated with and approved by controller manufacturer.
	1. Designed with critical vibration frequencies outside operating range of controller output.
	2. Temperature Rise:  Matched to rating for Class B insulation.
	3. Insulation:  Class H.
	4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected motors.

	C. Rugged-Duty Motors:  Totally enclosed, with 1.25 minimum service factor, greased bearings, integral condensate drains, and capped relief vents.  Windings insulated with non-hygroscopic material.
	1. Finish:  Chemical-resistant paint over corrosion-resistant primer.


	2.05 SINGLE-PHASE MOTORS
	A. Type:  One of the following, to suit starting torque and requirements of specific motor application:
	1. Permanent-split capacitor.
	2. Split-phase start, capacitor run.
	3. Capacitor start, capacitor run.

	B. Shaded-Pole Motors:  For motors 1/20 HP and smaller only.
	C. Thermal Protection:  Internal protection to automatically open power supply circuit to motor when winding temperature exceeds a safe value calibrated to temperature rating of motor insulation.  Thermal-protection device shall automatically reset wh...
	D. Bearings:  Ball type for belt-connected motors and other motors with high radial forces on motor shaft; sealed, prelubricated-sleeve type for other single-phase motors.


	Part 3: EXECUTION (not used)

	15060
	PIPE AND PIPE FITTINGS:  BASIC REQUIREMENTS
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Process piping systems.
	2. Utility piping systems.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 01 - General Requirements.
	3. Section 02317 – Excavation and Backfill for Utilities.
	4. Section 09905 - Painting and Protective Coatings.
	5. Section 10400 - Identification Devices.
	6. Section 11005 - Equipment:  Basic Requirements.
	7. Section 13315 – Process Instrumentation and Controls – Products
	8. Section 15090 - Pipe Support Systems.
	9. Section 15100 - Valves:  Basic Requirements.
	10. Piping materials and requirements for HVAC systems are included in Division 15.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Association of State Highway and Transportation Officials (AASHTO):
	a. M36, Corrugated Steel Pipe, Metallic-Coated, for Sewers and Drains (Equivalent ASTM A760).
	b. M190, Standard Specification for Bituminous Coated Corrugated Metal Culvert Pipe and Pipe Arches.
	c. M252, Standard Specification for Corrugated Polyethylene Drainage Tubing.
	d. M294, Interim Specification for Corrugated Polyethylene Pipe 12 to 24 Inch Diameter.

	2. American Iron and Steel Institute (AISI).
	3. American Society of Mechanical Engineers (ASME):
	a. B16.3, Malleable Iron Threaded Fittings.
	b. B16.5, Pipe Flanges and Flanged Fittings.
	c. B16.9, Factory-Made Wrought Steel Butt-Welding Fittings.
	d. B16.22, Wrought Copper and Bronze Solder - Joint Pressure Fittings.
	e. B16.26, Cast Copper Alloy Fittings for Flared Copper Tubes.
	f. B36.19, Stainless Steel Pipe.
	g. B40.100, Pressure Gauges and Gauge Attachments.

	4. ASTM International (ASTM):
	a. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless.
	b. A74, Standard Specification for Cast Iron Soil Pipe and Fittings.
	c. A106, Standard Specification for Seamless Carbon Steel Pipe for High-Temperature Service.
	d. A126, Standard Specification for Gray Iron Castings for Valves, Flanges, and Pipe Fittings.
	e. A182, Standard Specification for Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature Service.
	f. A197, Standard Specification for Cupola Malleable Iron.
	g. A234, Standard Specification for Pipe Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High Temperature Service.
	h. A269, Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing for General Service.
	i. A312, Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainless Steel Pipes.
	j. A518, Standard Specification for Corrosion-Resistant High-Silicon Iron Castings.
	k. A536, Standard Specification for Ductile Iron Castings.
	l. A587, Standard Specification for Electric-Resistance-Welded Low-Carbon Steel Pipe for the Chemical Industry.
	m. A760, Standard Specification for Corrugated Steel Pipe, Metallic-Coated for Sewers and Drains.
	n. A774, Standard Specification for As-Welded Wrought Austenitic Stainless Steel Fittings for General Corrosive Service at Low and Moderate Temperatures.
	o. A778, Standard Specification for Welded, Unannealed Austenitic Stainless Steel Tubular Products.
	p. B88, Standard Specification for Seamless Copper Water Tube.
	q. C14, Standard Specification for Concrete Sewer, Storm Drain, and Culvert Pipe.
	r. C76, Standard Specification for Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe.
	s. C425, Standard Specification for Compression Joints for Vitrified Clay Pipe and Fittings.
	t. C443, Standard Specification for Joints for Concrete Pipe and Manholes, Using Rubber Gaskets.
	u. C564, Standard Specification for Rubber Gaskets for Cast Iron Soil Pipe and Fittings.
	v. C700, Standard Specification for Vitrified Clay Pipe, Extra Strength, Standard Strength and Perforated.
	w. D1785, Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120.
	x. D2466, Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40.
	y. D2467, Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80.
	z. D4101, Standard Specification for Polypropylene Plastic Injection and Extrusion Materials.
	aa. F439, Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80.
	bb. F441, Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe, Schedules 40 and 80.

	5. American Water Works Association (AWWA):
	a. B300, Standard for Hypochlorites.
	b. C200, Standard for Steel Water Pipe - 6 IN and Larger.
	c. C207, Standard for Steel Pipe Flanges for Waterworks Service - Sizes 4 IN through 144 IN.
	d. C208, Standard for Dimensions for Fabricated Steel Water Pipe Fittings.
	e. C606, Standard for Grooved and Shouldered Joints.
	f. C651, Standard for Disinfecting Water Mains.
	g. C800, Standard for Underground Service Line Valves and Fittings.

	6. American Water Works Association/American National Standards Institute (AWWA/ANSI):
	a. C110/A21.10, Standard for Ductile-Iron and Gray-Iron Fittings.
	b. C111/A21.11, Standard for Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings.
	c. C115/A21.15, Standard for Flanged Ductile-Iron Pipe with Ductile-Iron or Gray-Iron Threaded Flanges.
	d. C151/A21.51, Standard for Ductile-Iron Pipe, Centrifugally Cast, for Water.
	e. C153/A21.53, Standard for Ductile-Iron Compact Fittings for Water Service.

	7. Chlorine Institute, Inc. (CI):
	a. Pamphlet 6, Piping Systems for Dry Chlorine.

	8. Cast Iron Soil Pipe Institute (CISPI):
	a. 301, Standard Specification for Hubless Cast Iron Soil Pipe and Fittings for Sanitary and Storm Drain, Waste, and Vent Piping Applications.

	9. International Plumbing Code (IPC).
	10. National Fire Protection Association (NFPA):
	a. 54, National Fuel Gas Code.
	b. 69, Standard on Explosion Prevention Systems.

	11. Underwriters Laboratories, Inc. (UL).

	B. Coordinate flange dimensions and drillings between piping, valves, and equipment.

	1.03 SYSTEM DESCRIPTION
	A. Piping Systems Organization and Definition:
	1. Piping services are grouped into designated systems according to the chemical and physical properties of the fluid conveyed, system pressure, piping size and system materials of construction.
	2. See PIPING SPECIFICATION SCHEDULES in PART 3.


	1.04 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01340 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Copies of manufacturer's written directions regarding material handling, delivery, storage and installation.
	c. Separate schedule sheet for each piping system scheduled in this Specification Section showing compliance of all system components.
	1) Attach technical product data on gaskets, pipe, fittings, and other components.


	3. Fabrication and/or layout drawings:
	a. Exterior yard piping drawings (minimum scale 1 IN equals 10 FT) with information including:
	1) Dimensions of piping lengths.
	2) Invert or centerline elevations of piping crossings.
	3) Acknowledgement of bury depth requirements.
	4) Details of fittings, tapping locations, thrust blocks, restrained joint segments, harnessed joint segments, hydrants, and related appurtenances.
	5) Acknowledge designated valve or gate tag numbers, manhole numbers, instrument tag numbers, pipe and line numbers.
	6) Line slopes and vents.

	b. Interior piping drawings (minimum scale 1/8 IN equals 1 FT) with information including:
	1) Dimensions of piping from column lines or wall surfaces.
	2) Centerline dimensions of piping.
	3) Centerline elevation and size of intersecting ductwork, conduit/conduit racks, or other potential interferences requiring coordination.
	4) Location and type of pipe supports and anchors.
	5) Locations of valves and valve actuator type.
	6) Details of fittings, tapping locations, equipment connections, flexible expansion joints, connections to equipment, and related appurtenances.
	7) Acknowledgement of valve, equipment and instrument tag numbers.
	8) Provisions for expansion and contraction.
	9) Line slopes and air release vents.
	10) Rough-in data for plumbing fixtures.

	c. Schedule of interconnections to existing piping and method of connection.


	B. Operation and Maintenance Manuals:
	1. See Specification Section 01782 for requirements for:
	a. The mechanics and administration of the submittal process.
	b. The content of Operation and Maintenance Manuals.


	C. Informational Submittals:
	1. Qualifications of lab performing disinfection analysis on water systems.
	2. Test reports:
	a. Copies of pressure test results on all piping systems.
	b. Reports defining results of dielectric testing and corrective action taken.
	c. Disinfection test report.
	d. Notification of time and date of piping pressure tests.



	1.05 DELIVERY, STORAGE, AND HANDLING
	A. Protect pipe coating during handling using methods recommended by manufacturer.
	1. Use of bare cables, chains, hooks, metal bars or narrow skids in contact with coated pipe is not permitted.

	B. Prevent damage to pipe during transit.
	1. Repair abrasions, scars, and blemishes.
	2. If repair of satisfactory quality cannot be achieved, replace damaged material immediately.



	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Insulating unions:
	a. "Dielectric" by Epco.

	2. Dirt strainers (Y type):
	a. Mueller (#351).
	b. Sarco.
	c. Armstrong.

	3. Chemical strainers (Y type):
	a. Chemtrol.
	b. Asahi.

	4. Cam Lever Couplings:
	a. Banjo Liquid Handling Products.
	b. Approved equal.

	5. Dielectric flange kit:
	a. PSI.
	b. Maloney.
	c. Central Plastics.

	6. Pipe saddles (for gage installation):
	a. Dresser Style 91 (steel and ductile iron systems).
	b. Dresser Style 194 (nonmetallic systems).

	7. Expansion joints at fiberglass reinforced plastic (FRP) and polyethylene tanks:
	a. PROCO Series 442-BD (two bellow design)
	b. Approved equal.

	8. Rotameters
	a. King Instrument Co.
	b. Approved equal


	B. Submit request for substitution in accordance with Specification Section 01630.

	2.02 PIPING SPECIFICATION SCHEDULES
	A. Piping system materials, fittings and appurtenances are subject to requirements of specific piping specification schedules located at the end of PART 3 of this Specification Section.
	B. See Division 2 specifications for storm drainage concrete piping systems.

	2.03 COMPONENTS AND ACCESSORIES
	A. Insulating Components:
	1. Dielectric flange kits:
	a. Flat faced.
	b. 1/8 IN thick dielectric gasket, phenolic, non-asbestos.
	c. Suitable for 175 psi, 210 Deg F.
	d. 1/32 IN wall thickness bolt sleeves.
	e. 1/8 IN thick phenolic insulating washers.

	2. Dielectric unions:
	a. Screwed end connections.
	b. Rated at 175 psi, 210 Deg F.
	c. Provide dielectric gaskets suitable for continuous operation at union rated temperature and pressure.


	B. Dirt Strainers:
	1. Y-type.
	2. Composition bronze.
	3. Rated for test pressure and temperature of system in which they are installed.
	4. 20 mesh Monel screen.
	5. Threaded bronze plug in the blowoff outlet.
	6. Threaded NPT end connections.

	C. Strainers for Chemical Applications:
	1. Y-type.
	2. Strainers of same material, test pressure, and temperature rating as system in which strainer is placed.

	D. Reducers:
	1. Furnish appropriate size reducers and reducing fittings to mate pipe to equipment connections.
	2. Connection size requirements may change from those shown on Drawings depending on equipment furnished.

	E. Protective Coating and Lining:
	1. Include pipe, fittings, and appurtenances where coatings, linings, paint, tests and other items are specified.
	2. Field paint pipe in accordance with Specification Section 09905.

	F. Underground Warning Tape:
	1. See Specification Section 10400.

	G. Pressure Gages:
	1. See Specification Section 11005 and Specification Section 13315.

	H. Cam Lever Couplings:
	1. Chemical Tank Fill Stations; Flushing and Drain Connections on Chemical Piping Systems
	a. HFS
	1) Provide male adapter and female cap with chain
	2) Size as shown on the Drawings.
	3) Polypropylene construction with NPT threaded connection

	b. Ferric Sulfate/Alum; Lime Slurry; PAC; and Coagulant Aid Adapters/Caps
	1) Provide male adapter and female cap with chain
	2) Size as shown on the Drawings.
	3) Type 316 stainless steel construction with NPT threaded connection.



	I. Valves:
	a. See Section 15100.

	J. Expansion Joints on FRP and Polyethylene Tanks:
	1. Materials:
	a. Bellows:  PTFE-62
	b. Flanges:  Ductile iron
	c. Limit bolts and nuts:  Type 316 stainless steel
	d. Reinforcing rings:  Type 316 stainless steel

	2. Pressure rating at 70 Deg F:  185 psig.
	3. Minimum axial movement:  1/4 IN.
	4. Minimum angular deflection: 7 degrees

	K. Rotameters
	1. Lime Slurry Dilution Service
	a. Materials
	1) Metering tube: acrylic
	2) Internal components: Type 316 stainless steel
	3) Fittings: PVC
	4) Elastomers: Viton

	b. Design Requirements
	1) Flow range: 0 to 50 gpm
	2) Connection size: 1.5 IN NPT





	Part 3: EXECUTION
	3.01 EXTERIOR BURIED PIPING INSTALLATION
	A. Unless otherwise shown on the Drawings, provide a minimum of 4 FT and maximum of 8 FT earth cover over exterior buried piping systems and appurtenances conveying water, fluids, or solutions subject to freezing.
	B. Enter and exit through structure walls, floors, and ceilings by using penetrations and seals specified in Specification Section 01800 and as shown on the Drawings.
	C. When entering or leaving structures with buried mechanical joint piping, install joint within 2 FT of point where pipe enters or leaves structure.
	1. Install second joint not more than 6 FT nor less than 4 FT from first joint.

	D. Install expansion devices as necessary to allow expansion and contraction movement.
	E. Laying Pipe In Trench:
	1. Excavate and backfill trench in accordance with Specification Section 02317.
	2. Clean each pipe length thoroughly and inspect for compliance to specifications.
	3. Grade trench bottom and excavate for pipe bell and lay pipe on trench bottom.
	4. Install gasket or joint material according to manufacturer's directions after joints have been thoroughly cleaned and examined.
	5. Except for first two (2) joints, before making final connections of joints, install two (2) full sections of pipe with earth tamped along side of pipe or final with bedding material placed.
	6. Lay pipe in only suitable weather with good trench conditions.
	a. Never lay pipe in water except where approved by Engineer.

	7. Seal open end of line with watertight plug if pipe laying stopped.
	8. Remove water in trench before removal of plug.

	F. Lining Up Push-On Joint Piping:
	1. Lay piping on route lines shown on Drawings.
	2. Deflect from straight alignments or grades by vertical or horizontal curves or offsets.
	3. Observe maximum deflection values stated in manufacturer's written literature.
	4. Provide special bends when specified or where required alignment exceeds allowable deflections stipulated.
	5. Install shorter lengths of pipe in such length and number that angular deflection of any joint, as represented by specified maximum deflection, is not exceeded.

	G. Anchorage and Blocking:
	1. Provide reaction blocking, anchors, joint harnesses, or other acceptable means for preventing movement of piping caused by forces in or on buried piping tees, wye branches, plugs, or bends.
	2. Place concrete blocking so that it extends from fitting into solid undisturbed earth wall.
	a. Concrete blocks shall not cover pipe joints.

	3. Provide bearing area of concrete in accordance with drawing detail.

	H. Install underground hazard warning tape per Specification Section 10400.
	I. Install insulating components where dissimilar metals are joined together.

	3.02 INTERIOR AND EXPOSED EXTERIOR PIPING INSTALLATION
	A. Install piping in vertical and horizontal alignment as shown on Drawings.
	B. Alignment of piping smaller than 4 IN may not be shown; however, install according to Drawing intent and with clearance and allowance for:
	1. Expansion and contraction.
	2. Operation and access to equipment, doors, windows, hoists, moving equipment.
	3. Headroom and walking space for working areas and aisles.
	4. System drainage and air removal.

	C. Enter and exit through structure walls, floor and ceilings using penetrations and seals specified in Specification Section 01800 and as shown on the Drawings.
	D. Install vertical piping runs plumb and horizontal piping runs parallel with structure walls.
	E. Pipe Support:
	1. Use methods of piping support as shown on Drawings and as required in Specification Section 15090.
	2. Where pipes run parallel and at same elevation or grade, they may be grouped and supported from common trapeze-type hanger, provided hanger rods are increased in size as specified for total supported weight.
	a. The pipe in the group requiring the least maximum distance between supports shall set the distance between trapeze hangers.

	3. Size pipe supports with consideration to specific gravity of liquid being piped.

	F. Locate and size sleeves and castings required for piping system.
	1. Arrange for chases, recesses, inserts or anchors at proper elevation and location.

	G. Use reducing fittings throughout piping systems.
	1. Bushings will not be allowed unless specifically approved.

	H. Equipment Drainage and Miscellaneous Piping:
	1. Provide drip pans and piping at equipment where condensation may occur.
	2. Hard pipe stuffing box leakage to nearest floor drain.
	3. Avoid piping over electrical components such as motor control centers, panelboards, etc.
	a. If piping must be so routed, utilize 16 GA, 316 stainless steel drip pan under piping and over full length of electrical equipment.
	b. Hard pipe drainage to nearest floor drain.

	4. Collect system condensate at drip pockets, traps and blowoff valves.
	5. Provide drainage for process piping at locations shown on Drawings in accordance with Drawing details.
	6. For applications defined above and for other miscellaneous piping which is not addressed by a specific piping service category in PART 1, provide 304 stainless steel piping and fittings.
	a. Size to handle application with 3/4 IN being minimum size provided.


	I. Unions:
	1. Install in position which will permit valve or equipment to be removed without dismantling adjacent piping.
	2. Mechanical type couplings may serve as unions.
	3. Additional flange unions are not required at flanged connections.

	J. Install expansion devices as necessary to allow expansion/contraction movement.
	K. Provide gasket type and material as scheduled for each piping system herein.
	L. Anchorage and Blocking:
	1. Block, anchor, or harness exposed piping subjected to forces in which joints are installed to prevent separation of joints and transmission of stress into equipment or structural components not designed to resist those stresses.

	M. Equipment Pipe Connections:
	1. Equipment - General:
	a. Exercise care in bolting flanged joints so that there is no restraint on the opposite end of pipe or fitting which would prevent uniform gasket pressure at connection or would cause unnecessary stresses to be transmitted to equipment flanges.
	b. Where push-on joints are used in conjunction with flanged joints, final positioning of push-on joints shall not be made until flange joints have been tightened without strain.
	c. Tighten flange bolts at uniform rate which will result in uniform gasket compression over entire area of joint.
	1) Provide tightening torque in accordance with manufacturer's recommendations.

	d. Support and match flange faces to uniform contact over their entire face area prior to installation of any bolt between the piping flange and equipment connecting flange.
	e. Permit piping connected to equipment to freely move in directions parallel to longitudinal centerline when and while bolts in connection flange are tightened.
	f. Align, level, and wedge equipment into place during fitting and alignment of connecting piping.
	g. Grout equipment into place prior to final bolting of piping but not before initial fitting and alignment.
	h. To provide maximum flexibility and ease of alignment, assemble connecting piping with gaskets in place and minimum of four (4) bolts per joint installed and tightened.
	1) Test alignment by loosening flange bolts to see if there is any change in relationship of piping flange with equipment connecting flange.
	2) Realign as necessary, install flange bolts and make equipment connection.

	i. Provide utility connections to equipment shown on Drawings, scheduled or specified.

	2. Plumbing and HVAC equipment:
	a. Make piping connections to plumbing and HVAC equipment, including but not limited to installation of fittings, strainers, pressure reducing valves, flow control valves and relief valves provided with or as integral part of equipment.
	b. Furnish and install sinks, fittings, strainers, pressure reducing valves, flow control valves, pressure relief valves, and shock absorbers which are not specified to be provided with or as integral part of equipment.
	c. For each water supply piping connection to equipment, furnish and install union and gate or angle valve.
	1) Provide wheel handle stop valve at each laboratory sink water supply.
	2) Minimum size:  1/2 IN.

	d. Furnish and install "P" trap for each waste piping connection to equipment if waste is connected directly to building sewer system.
	1) Size trap as required by IPC.

	e. Stub piping for equipment, sinks, lavatories, supply and drain fittings, key stops, "P" traps, miscellaneous traps and miscellaneous brass through wall or floor and cap and protect until such time when later installation is performed.


	N. Provide insulating components where dissimilar metals are joined together.
	O. Instrument Connections:
	1. See drawing details.


	3.03 CONNECTIONS WITH EXISTING PIPING
	A. Where connection between new work and existing work is made, use suitable and proper fittings to suit conditions encountered.
	B. Perform connections with existing piping at time and under conditions which will least interfere with service to customers affected by such operation.
	C. Undertake connections in fashion which will disturb system as little as possible.
	D. Provide suitable equipment and facilities to dewater, drain, and dispose of liquid removed without damage to adjacent property.
	E. Where connections to existing systems necessitate employment of past installation methods not currently part of trade practice, utilize necessary special piping components.
	F. Where connection involves potable water systems, provide disinfection methods as prescribed in this Specification Section.
	G. Once tie-in to each existing system is initiated, continue work continuously until tie-in is made and tested.

	3.04 ACCESS PROVISIONS
	A. Provide access doors or panels in walls, floors, and ceilings to permit access to valves, piping and piping appurtenances requiring service.
	B. Size of access panels to allow inspection and removal of items served, minimum 10 x 14 IN size.
	C. Fabricate door and frame of minimum 14 GA, stretcher leveled stock, cadmium plated or galvanized after fabrication and fitted with screw driver lock of cam type.
	D. Provide with key locks, keyed alike, in public use areas.
	E. Furnish panels with prime coat of paint.
	F. Style and type as required for material in which door installed.
	G. Where door is installed in fire-rated construction, provide door bearing UL label required for condition.

	3.05 CATHODIC PROTECTION
	A. Isolate, dielectrically, all piping from all other metals including reinforcing bars in concrete slabs, other pipe lines, and miscellaneous metal.
	B. Make all connections from wire or cable by Thermit Cadwelding accomplished by operators experienced in this process.
	C. Install all cables with a loop and overhead knot around each pipe and slack equal to at least 50 percent of the straight line length.
	D. After cadwelding, coat all exposed metallic surfaces with hot applied tape.

	3.06 HEAT TRACING
	A. See Division 16 for heat trace cabling requirements.

	3.07 PRESSURE GAUGES
	A. Provide at locations shown on the Drawings and specified.
	B. See Specification Section 13315.

	3.08 FIELD QUALITY CONTROL
	A. Pipe Testing - General:
	1. Test piping systems as follows:
	a. Test exposed, non-insulated piping systems upon completion of system.
	b. Test exposed, insulated piping systems upon completion of system but prior to application of insulation.
	c. Test concealed interior piping systems prior to concealment and, if system is insulated, prior to application of insulation.
	d. Test buried piping (insulated and non-insulated) prior to backfilling and, if insulated, prior to application of insulation.

	2. Utilize pressures, media and pressure test durations as specified in the PIPING SPECIFICATION SCHEDULES.
	3. Isolate equipment which may be damaged by the specified pressure test conditions.
	4. Perform pressure test using calibrated pressure gages and calibrated volumetric measuring equipment to determine leakage rates.
	a. Select each gage so that the specified test pressure falls within the upper half of the gage's range.
	b. Notify the Engineer 24 HRS prior to each test.

	5. Completely assemble and test new piping systems prior to connection to existing pipe systems.
	6. Acknowledge satisfactory performance of tests and inspections in writing to Engineer prior to final acceptance.
	7. Bear the cost of all testing and inspecting, locating and remedying of leaks and any necessary retesting and re-examination.

	B. Pressure Testing:
	1. Testing medium:  Unless otherwise specified in the PIPING SPECIFICATION SCHEDULES, utilize the following test media.
	a. Process and plant air systems:
	b. Laboratory gases and natural gas systems:  Cylinder nitrogen.
	c. Liquid systems:

	2. Allowable leakage rates:
	a. Hazardous gas systems, all exposed piping systems, all pressure piping systems and all buried, insulated piping systems which are hydrostatically pressure tested shall have zero leakage at the specified test pressure throughout the duration of the ...
	b. Hydrostatic exfiltration and infiltration for sanitary and stormwater sewers (groundwater level is below the top of pipe):
	1) Leakage rate:  200 GAL per inch diameter per mile of pipe per day at average head on test section of 3 FT.
	2) Average head is defined from groundwater elevation to average pipe crown.
	3) Acceptable test head leakage rate for heads greater than 3 FT:  Acceptable leakage rate (gallons per inch diameter per mile per day) equals 115 by (actual test head to the 1/2 power).

	c. Hydrostatic infiltration test for sanitary and stormwater sewers (groundwater level is above the top of pipe):
	1) Allowable leakage rate:  200 GAL per inch diameter per mile of pipe per day when depth of groundwater over top of pipe is 2 to 6 FT.
	2) Leakage rate at heads greater than 6 FT:  Allowable leakage rate (gallons per inch diameter per mile of pipe per day) equals 82 by (actual head to the 1/2 power).

	d. Large diameter (above 48 IN) gravity plant piping systems shall have a maximum exfiltration of 25 gpd per inch-mile.
	e. Non-hazardous gas and air systems which are tested with air shall have a maximum pressure drop of 5 percent of the specified test pressure throughout the duration of the test.
	f. For low pressure (less than 25 psig) air testing, the acceptable time for loss of 1 psig of air pressure shall be:

	3. Hydrostatic pressure testing methodology:
	a. General:
	1) All joints, including welds, are to be left exposed for examination during the test.
	2) Provide additional temporary supports for piping systems designed for vapor or gas to support the weight of the test water.
	3) Provide temporary restraints for expansion joints for additional pressure load under test.
	4) Isolate equipment in piping system with rated pressure lower than pipe test pressure.
	5) Do not paint or insulate exposed piping until successful performance of pressure test.

	b. Soil, waste, drain and vent systems:
	1) Test at completion of installation of each stack or section of piping by filling system with water and checking joints and fittings for leaks.
	2) Eliminate leaks before proceeding with work or concealing piping.
	3) Minimum test heights shall be 10 FT above highest stack inlet.

	c. Larger diameter (above 36 IN) gravity plant piping:
	1) Plug downstream end of segment to be tested.
	a) Provide bracing as required.

	2) Fill segment and upstream structure to normal operating level as per hydraulic profile.
	3) Allow 24 HRS for absorption losses.
	a) Refill to original level.

	4) Provide reservoir to maintain constant head over duration of test.
	5) Record reservoir water volume at beginning and end of test.


	4. Natural gas systems - testing methodology:
	a. Maintain specified test pressure until each joint has been thoroughly examined for leaks by means of soap suds and glycerine.
	b. Wipe joints clean after test.

	5. Air testing methodology:
	a. General:
	1) Assure air is ambient temperature.

	b. Low pressure air testing:
	1) Place plugs in line and inflate to 25 psig.
	2) Check pneumatic plugs for proper sealing.
	3) Introduce low pressure air into sealed line segment until air pressure reaches 4 psig greater than ground water that may be over the pipe.
	a) Use test gage conforming to ASME B40.100 with 0 to 15 psi scale and accuracy of 1 percent of full range.

	4) Allow 2 minutes for air pressure to stabilize.
	5) After stabilization period (3.5 psig minimum pressure in pipe) discontinue air supply to line segment.
	6) Record pressure at beginning and end of test.



	C. Dielectric Testing Methods and Criteria:
	1. Provide electrical check between metallic non-ferrous pipe or appurtenances and ferrous elements of construction to assure discontinuity has been maintained.
	2. Wherever electrical contact is demonstrated by such test, locate the point or points of continuity and correct the condition.


	3.09 CLEANING AND DISINFECTION
	A. Cleaning:
	1. Clean interior of piping systems thoroughly before installing.
	2. Maintain pipe in clean condition during installation.
	3. Before jointing piping, thoroughly clean and wipe joint contact surfaces and then properly dress and make joint.
	4. Immediately prior to pressure testing, clean and remove grease, metal cuttings, dirt, or other foreign materials which may have entered the system.
	5. At completion of work and prior to Final Acceptance, thoroughly clean work installed under these Specifications.
	a. Clean equipment, fixtures, pipe, valves, and fittings of grease, metal cuttings, and sludge which may have accumulated by operation of system, from testing, or from other causes.
	b. Repair any stoppage or discoloration or other damage to parts of building, its finish, or furnishings, due to failure to properly clean piping system, without cost to Owner.

	6. Clean chlorine piping in accordance with CI Pamphlet 6.

	B. Disinfection of Potable Water Systems:
	1. After favorable performance of pressure test and prior to Final Acceptance, thoroughly flush entire potable water piping system including supply, source and any appurtenant devices and perform disinfection as prescribed.
	2. Perform work, including preventative measures during construction, in full compliance with AWWA C651.
	3. Perform disinfection using sodium hypochlorite complying with AWWA B300.
	4. Flush each segment of system to provide flushing velocity of not less than 2.5 FT per second.
	5. Drain flushing water to sanitary sewer.
	a. Do not drain flushing water to receiving stream.

	6. Use continuous feed method of application.
	a. Tag system during disinfection procedure to prevent use.

	7. After required contact period, flush system to remove traces of heavily chlorinated water.
	8. After final flushing and before placing water in service, obtain an independent laboratory approved by the Owner to collect samples and test for bacteriological quality.
	a. Repeat entire disinfection procedures until satisfactory results are obtained.

	9. Secure and deliver to Owner, satisfactory bacteriological reports on samples taken from system.
	a. Ensure sampling and testing procedures are in full compliance to AWWA C651, local water purveyor and applicable requirements of State of  Texas.



	3.10 LOCATION OF BURIED OBSTACLES
	A. Furnish exact location and description of buried utilities encountered and thrust block placement.
	B. Reference items to definitive reference point locations such as found property corners, entrances to buildings, existing structure lines, fire hydrants and related fixed structures.
	C. Include such information as location, elevation, coverage, supports and additional pertinent information.
	D. Incorporate information on "As-Recorded" Drawings.

	3.11 PIPE INSULATION
	A. Insulate pipe and pipe fittings in accordance with Division 15.

	3.12 SCHEDULES
	A. SPECIFICATION SCHEDULE - SYSTEM 1
	1. General:
	a. Piping symbol and service:
	1) PW and UW – Plant Water/Utility Water.

	b. Test requirements:
	1) Test medium:  Water.
	2) Pressure:  150 psig.
	3) Duration:  6 HRS.

	c. Gaskets:
	1) See Section 15064.


	2. System components:
	a. Pipe size 4 IN and smaller:
	1) Exposed service:
	a) Material:  PVC, Type 1, Grade 1, Schedule 80.
	b) Reference:  ASTM D1785.
	c) Lining:  None.
	d) Coating:  Paint per 09905.
	e) Fittings:
	(1) 4 IN and smaller: Solvent welded socket type complying with ASTM D2467.
	(2) 4 IN and larger: Flanged (socket weld)

	f) Joints:  Solvent welded with unions at valves, penetrations through structures and equipment connections for pipe 4 IN and smaller and flanges at those locations for pipe larger than 4 IN.

	2) Buried service:
	a) Material:  PVC, Type 1, Grade 1, Schedule 80.
	b) Reference:  ASTM D1785.
	c) Lining:  None.
	d) Coating:  None.
	e) Fittings:  Solvent welded socket type complying with ASTM D2466.
	f) Joints:  Solvent welded.




	B. SPECIFICATION SCHEDULE - SYSTEM 2
	1. General:
	a. Piping symbol and service:
	1) HFS – Hydrofluosilisic Acid
	2) FE/AL - Ferric Sulfate/Alum
	3) AM – Ammonium Hydroxide
	4) CA or CS – Caustic (Sodium Hydroxide)
	5) PEC – Coagulant Aid Polymer

	b. Test requirements pressure lines:
	1) Test medium:  Water.
	2) Pressure:  100 psig.
	3) Duration:  6 HRS.

	c. Test requirements vacuum lines:
	1) Test medium:  Air.
	2) Pressure: -27 IN HG.
	3) Duration:  6 HRS.

	d. Gaskets and O-rings (supplier to confirm chemical compatibility):
	1) Sodium hydroxide service: EPDM
	2) Other chemical services: Viton.


	2. System components:
	a. Pipe size 12 IN and smaller:
	1) Exposed service:
	a) Material:  PVC, Type 1, Grade 1, Schedule 80.
	b) Reference:  ASTM D1785.
	c) Lining:  None.
	d) Coating:
	(1) Exterior: Paint
	(2) Interior: Color banding only.

	e) Labeling: See Section 10400.
	f) Fittings:
	(1) 4 IN and smaller: Solvent welded socket type complying with ASTM D2467.
	(2) 4 IN and larger: Flanged (socket weld)

	g) Joints:  Solvent welded with unions at valves, penetrations through structures and equipment connections for pipe 4 IN and smaller and flanges at those locations for pipe larger than 4 IN.

	2) Caustic (Sodium Hydroxide) Storage Tanks to Recirculation Pump Suction and Discharge (Exposed Service)
	a) Materials: Schedule 40S, Type 316 stainless steel per Section 15065.

	3) Reference:  See Section 15065.
	4) Linings:  None.
	5) Coatings:  None.
	6) Fittings:  See Section 15065.
	7) Joints:
	a) Threaded (pipe to pipe connections).
	b) Flanged (connections to valves and equipment)


	b. Transfer Pump Discharge to Injection Location (Buried Service):
	1) Material:  PVC, Type 1, Grade 1, Schedule 80.
	2) Reference:  ASTM D1785.
	3) Lining:  None.
	4) Coating:  None.
	5) Fittings:  Solvent welded socket type complying with ASTM D2466.
	6) Joints:  Solvent welded.



	C. SPECIFICATION SCHEDULE - SYSTEM 3
	1. General:
	a. Piping symbol and service:
	1) DRN – Drain (Pressure and Gravity)

	b. Test requirements pressure lines:
	1) Test medium:  Water.
	2) Pressure:  100 psig.
	3) Duration:  6 HRS.

	c. Gaskets and O-rings:
	1) O-rings and flanged joints:  Neoprene or rubber.


	2. System components:
	a. Pipe size 12 IN and smaller:
	1) Exposed service:
	a) Material:  PVC, Type 1, Grade 1, Schedule 80.
	b) Reference:  ASTM D1785.
	c) Lining:  None.
	d) Coating:  Paint.
	e) Fittings:
	(1) 4 IN and smaller: Solvent welded socket type complying with ASTM D2467.
	(2) 4 IN and larger: Flanged (socket weld)

	f) Joints:  Solvent welded with unions at valves, penetrations through structures and equipment connections for pipe 4 IN and smaller and flanges at those locations for pipe larger than 4 IN.

	2) Buried service:
	a) Material:  PVC, Type 1, Grade 1, Schedule 80.
	b) Reference:  ASTM D1785.
	c) Lining:  None.
	d) Coating:  None.
	e) Fittings:  Solvent welded socket type complying with ASTM D2466.
	f) Joints:  Solvent welded.




	D. SPECIFICATION SCHEDULE - SYSTEM 4
	1. General:
	a. Piping symbol and service:
	1) PAC – Powder Activated Carbon Slurry

	b. Test requirements:
	1) Test medium:  Water.
	2) Pressure:  100 psig.
	3) Duration:  6 HRS.

	c. Gaskets and O-rings:
	1) See Section 15064 for PVC piping.
	2) See Section 15065 for stainless steel piping.


	2. System components:
	a. Storage Tanks to Transfer Pump Suction (Exposed Service)
	1) Materials: Schedule 40S, Type 316 stainless steel per Section 15065.
	2) Reference:  See Section 15065.
	3) Linings:  None.
	4) Coatings:  None.
	5) Fittings:  See Section 15065.
	6) Joints:
	a) Grooved mechanical coupling (pipe to pipe connections).
	b) Flange or threaded (connections to valves and equipment)


	b. Transfer Pump Discharge to Injection Location (Buried Service):
	1) Material:  PVC, Type 1, Grade 1, Schedule 80.
	2) Reference:  ASTM D1785.
	3) Lining:  None.
	4) Coating:  None.
	5) Fittings:  Solvent welded socket type complying with ASTM D2466.
	6) Joints:  Solvent welded.



	E. SPECIFICATION SCHEDULE - SYSTEM 5
	1. General:
	a. Piping symbol and service:
	1) LS - Lime Slurry

	b. Test requirements:
	1) Test medium:  Water.
	2) Pressure:  125 psig.
	3) Duration:  6 HRS.


	2. System components:
	a. Pipe size through 6 IN:
	1) Exposed service, rigid pipe:
	a) Material:  PVC, Type 1, Grade 1, Schedule 80.
	b) Reference:  ASTM D1785.
	c) Lining:  None.
	d) Coating:
	(1) Exterior: Paint
	(2) Interior: Color banding only.

	e) Labeling: See Section 10400.
	f) Fittings:
	(1) 4 IN and smaller: Solvent welded socket type complying with ASTM D2467.
	(2) 4 IN and larger: Flanged (socket weld)

	g) Special Requirements for Lime Slurry Piping
	(1) Use rigid PVC piping for lime slurry service only where shown on the Drawings. These locations include:
	(a) Bulk tank fill piping
	(b) Pump suction and discharge piping immediately adjacent to pumps
	(c) Recirculation piping routed and supported vertically on the tank sidewalls

	(2) For all other lime system piping, provide flexible hose.
	(3) Use long-radius elbow fittings for rigid piping.


	2) Exposed service, flexible hose:
	a) Materials: Flexible hose with Type P (EPDM) cover (yellow corrugated with green spiral type); high tensile textile with steel wire helix reinforcement; Type P tube (EPDM, black)
	b) Linings: None.
	c) Coatings: Hose outer coating shall be UV resistant
	d) Joints:
	(1) Hose to hose connections: cam lever male/female coupling
	(2) Hose to flange connections: flange to barbed style hose connection as recommended by hose supplier





	F. SPECIFICATION SCHEDULE - SYSTEM 6
	1. General:
	a. Piping symbol and service:
	1) PA – Plant Air

	b. Test requirements:
	1) Test medium:  Air.
	2) Pressure:  150 psig.
	3) Duration:  6 HRS.


	2. System components:
	a. Pipe size through 2 IN:
	1) Exposed service:
	a) Material:  Schedule 10S Type 316 stainless steel
	b) Reference:  Section 15065
	c) Lining: None
	d) Exterior Coating: None
	e) Fittings: See Section 15065
	f) Joints: Threaded and flanged
	g) Gaskets: Manufacturer’s standard for conditions of service

	2) Buried service:
	a) Material:  Schedule 10S Type 316 stainless steel
	b) Reference:  Section 15065
	c) Lining: None
	d) Exterior Coating: 25 mil polyethylene tape, Wraptite 300 or equal
	e) Fittings: See Section 15065
	f) Joints: Threaded
	g) Gaskets: Manufacturer’s standard for conditions of service







	15064
	PIPE:  PLASTIC
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Plastic pipe and fittings.

	B. Related Sections include but are not necessarily limited to:
	1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 - General Requirements.
	3. Section 15060 - Pipe and Pipe Fittings:  Basic Requirements.


	1.02 QUALITY ASSURANCE
	A. See Section 15060.
	B. Referenced Standards:
	1. ASTM International (ASTM):
	a. PVC (polyvinyl chloride) materials:
	1) D1784, Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds.
	2) D1785, Standard Specification for Poly(Vinyl Chloride) PVC Plastic Pipe, Schedules 40, 80 and 120.
	3) D2467, Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80.
	4) D3034, Standard Specification for Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe and Fittings.
	5) D3139, Standard Specification for Joints for Plastic Pressure Pipes Using Flexible Elastomeric Seals.
	6) D3212, Standard Specification for Joints for Drain and Sewer Plastic Pipes Using Flexible Elastomeric Seals.
	7) F593, Standard Specification for Stainless Steel Bolts, Hex Cap Screws, and Studs.
	8) F679, Standard Specification for Poly(Vinyl Chloride) (PVC) Large-Diameter Plastic Gravity Sewer Pipe and Fittings.
	9) F794, Standard Specification for Poly(Vinyl Chloride) (PVC) Profile Gravity Sewer Pipe and Fittings Based on Controlled Inside Diameter.
	10) F949, Standard Specification for Poly(Vinyl Chloride) (PVC) Corrugated Sewer Pipe with a Smooth Interior and Fittings.
	11) F758-95, Standard Specification for Smooth-Wall Poly(Vinyl Chloride) (PVC) Plastic Underdrain Systems for Highway, Airport, and Similar Drainage

	b. Installation:
	1) D2321, Standard Practice for Underground Installation of Thermosplastic Pipe for Sewers and Other Gravity-Flow Applications.


	2. American Water Works Association (AWWA):
	a. PVC (polyvinyl chloride) materials:
	1) C900, Standard for Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 4 IN Through 12 IN, for Water Distribution.
	2) C905, Standard for Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 14 IN through 48 IN, for Water Transmission and Distribution.

	b. Polyethylene (PE) materials:
	1) C901, Standard for Polyethylene (PE) Pressure Pipe and Tubing, 1/2 IN through 3 IN, for Water Service.


	3. NSF International (NSF).


	1.03 SUBMITTALS
	A. See Section 01340 for requirements for the mechanics and administration of the submittal process.
	B. See Section 15060.


	Part 2: PRODUCTS
	2.01 acceptable manufacturers
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Schedule 80 PVC and CPVC Pipe and Fittings:
	a. Ipex, Inc.
	b. Approved equal

	2. AWWA PVC Pipe:
	a. JM Eagle
	b. North American Pipe
	c. Approved equal

	3. Flange Gaskets
	a. Proco Series 9013-ET
	b. Approved equal

	4. Solvent Cement
	a. Weld-On CPVC 724 by IPS Corp
	b. Oatey Industrial Grade Low VOC Heavy Duty Gray

	5. PTFE Thread Seal Tape
	a. Blue Monster
	b. Approved equal



	2.02 PVC AND CPVC PRESSURE PIPING (EXPOSED)
	A. General:
	1. Provide Schedule 80 pipe with Schedule 80 fittings and appurtenances to locations shown on Drawings.
	2. Furnish materials in full compliance to following material specifications:
	a. Manufacture pipe, fittings and appurtenances from polyvinyl chloride (PVC) compound which meets the requirements of Type 1, Grade 1 (12454-B) Polyvinyl Chloride as outlined in ASTM D1784 or from chlorinated polyvinyl chloride (CPVC) compound which ...
	b. Manufacture pipe, fittings and valves from materials that have been tested and approved for conveying potable water by the NSF.


	B. Pipe:
	1. Furnish pipe meeting requirements of ASTM D1785.
	2. Pipe 4 IN and smaller to be solvent welded.
	3. Pipe larger than 4 IN shall be flanged unless shown otherwise on Drawings.

	C. Fittings:  Provide ASTM D2467 (PVC) or ASTM F439 (CPVC) socket type fittings having the same pressure and temperature rating as the pipe.
	D. Flanges/Unions:
	1. Furnish flanges and unions at locations shown on Drawings.
	2. Provide either flanges or unions at valves, penetrations through structures and equipment connections.
	a. For pipe larger than 4 IN, provide 150 LB socket type PVC or CPVC flange.
	b. For pipe 4 IN and smaller, provide socket type PVC or CPVC union with Buna O-rings.

	3. Use low torque, full faced EPDM gaskets with dual concentric, convex sealing rings; PTFE film bonded to the rubber.
	a. Furnish heavy hex head bolts, each with one heavy hex nut, ASTM F593 Type 316 stainless steel.

	4. Use spacers supplied by pipe manufacturer when mating raised-faced flanges to other flanges.


	2.03 PRESSURE PIPING (UNDERGROUND)
	A. Materials:  Furnish materials in full compliance with following requirements:
	1. 1/2-3 IN:  AWWA C901 PE with Pressure Class as noted in Section 15060
	2. 4-12 IN:  AWWA C900 PVC with Pressure Class as noted in Section 15060
	3. 14-36 IN:  AWWA C905 PVC (DR as noted in Section 15060)

	B. Fittings
	1. Cast or ductile iron conforming to AWWA C110 and C153 (See Section 02501).

	C. Joints
	1. Elastomeric-gasket type with a pressure rating not less than pipe pressure rating meeting performance requirements of ASTM D3139.
	2. Restrained fitting joints shall be made using EBAA Iron Series 2000 PV or equal
	model by Star Pipe Products. Restraint of push-on joints shall be made using EBAA Iron Series 1500/2800 or equal model by Star Pipe Products. Devices shall meet the requirements of ASTM F1674. Wedges, glands, T-bolts, and nuts shall be factory coated ...


	2.04 PVC DRAINAGE, SEWER PIPING AND UNDERGROUND AIR DUCTS
	A. Materials:
	1. Furnish materials in full compliance to the following material specification.
	2. PVC pipe shall be rigid, unplasticized polyvinyl chloride (PVC) made of PVC plastic having a cell classification of 12454-B or 12454-C as described in specification ASTM D1784.
	3. The requirements of this Specification are intended to provide for pipe and fittings suitable for non-pressure drainage of wastewater and surface water.
	4. Joining systems shall consist of an elastomeric gasket joint meeting requirements of ASTM D3212.
	5. Supply to the Engineer all information and sample of joining method for his evaluation.
	a. Only jointing methods acceptable to the Engineer will be permitted.

	6. Provide pipe and fittings meeting or exceeding the following requirements:
	a. 4-27 IN DIA:  ASTM D3034 and ASTM F679, SDR 21.
	b. 8-30 IN DIA:  ASTM F794.
	c. 4-18 IN DIA:  ASTM F949.

	7. Ensure impact strengths and pipe stiffnesses in full compliance to these Specifications.


	2.05 PVC TUBING
	A. General:  Provide nylon tubing with fittings and appurtenances as shown on Drawings.
	B. Materials:
	1. Furnish clear outer braided tubing with braid outside the walls.
	2. Have tubing manufactured of nylon with working temperatures from 5 to 180 DegF.
	3. Design tubing with a minimum safety factor of 4 to 1 ratio of burst pressure to working pressure at maximum temperature.
	4. Provide tubing with working pressure of 75 psi at 180 DegF.
	5. Ensure that tubing is self-extinguishing and fire resistant.

	C. Fittings:
	1. Install tubing with nylon fittings and connectors.
	2. Use barbed type adapters with stainless steel clamps.
	3. Provide fittings capable of withstanding temperatures from a -70 to 250 Deg F.
	4. Ensure fittings have the same pressure and temperature rating as the tubing.



	Part 3: EXECUTION
	3.01 IDENTIFICATION
	A. Identify each length of pipe clearly at intervals of 5 FT or less.
	1. Include manufacturer's name and trademark.
	2. Nominal size of pipe, appurtenant information regarding polymer cell classification and critical identifications regarding performance specifications and NSF approvals when applicable.


	3.02 INSTALLATION
	A. Pressure Piping (Underground)
	1. Perform installation procedures, handling, thrust blocking, connections, and other appurtenant operations in full compliance to the manufacturer's printed recommendations and in full observance to plan details when more stringent.

	B. PVC and CPVC Pressure Piping
	1. Field threading of PVC and CPVC pipe will not be permitted.
	2. Use solvent cement specified herein for all socket joints.
	3. Use thread seal tape for all service. Confirm chemical compatibility with manufacturer.

	C. PVC Drainage, Sewer Piping and Underground Air Ducts
	1. Install pipe and fittings in accordance with ASTM D2321 and as recommended by the manufacturer.
	2. Provide for a maximum deflection of not more than 3 percent.
	3. Infiltration and Exfiltration:
	a. The maximum allowable infiltration measured by test shall not exceed 100 GAL per inch of pipe diameter per mile per 24 HRS.
	b. For exfiltration, all the pipe and fittings shall exceed performance requirements by an air test procedure as specified in Section 15060.
	c. Observe full instructions of the Engineer for carrying of testing procedures. Perform tests only during presence of the Engineer or his authorized representative.
	d. Should any test on any section of pipe line disclose either infiltration rates greater than allowed or disclose air loss rate greater than that permitted, locate and repair the defective joints or pipes at no cost to Owner and retest until requirem...

	4. Deflection:
	a. After backfilling, each section of pipe shall be checked for deflection by pulling a mandrel through the pipe.
	b. Pipe with deflection exceeding 5 percent of the inside diameter shall have backfill removed and replaced to provide a deflection of less than 5 percent.
	c. Any repaired pipe shall be retested.


	D. PVC Tubing
	1. Install tubing with nylon fittings and connectors.
	2. Use barbed type adapters with stainless steel clamps.
	3. Provide fittings capable of withstanding temperatures from a -70 to 250 Deg F.
	4. Ensure fittings have the same pressure and temperature rating as the tubing.


	3.03 TESTING
	A. Test piping systems in accordance with 15060.

	3.04 PAINTING AND LABELING
	A. Paint exterior piping in accordance with 09905. Color scheme shall be in accordance with TCEQ requirements and shall match existing plant color schemes.
	B. Label all piping in accordance with 10400.



	15065
	PIPE:  STAINLESS STEEL
	Part 1: GENERAL
	1.01 Summary
	A. Section Includes:
	1. Stainless steel piping, fittings, and appurtenances.

	B. Related Sections include but are not necessarily limited to:
	1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 - General Requirements.
	3. Section 15060 - Pipe and Pipe Fittings:  Basic Requirements.


	1.02 quality assurance
	A. Referenced Standards
	1. ASTM International (ASTM)
	a. A774: Standard Specification for Welded Austenitic Stainless Steel Fittings.
	b. A778: Standard Specification for Welded, Unannealed Austenitic Stainless Steel tubular Products.


	B. Qualifications
	1. Use only certified welders meeting procedures and performance outlined in ASME Section IX, AWWA C200 Section 3.3.3 and other codes and requirements per local building and utility requirements.
	2. Manufacturers shall be certified under S.P.F.A. or I.S.O. quality certification program for stainless steel pipe and accessory manufacturing.
	3. Finished pipe shall be the product of a single manufacturer.  Piping manufacturing operations shall be performed under the control of the pipe manufacturer.
	4. The pipe manufacturer shall not have less than 5 years successful experience manufacturing pipe of the particular size and type indicated.


	1.03 SUBMITTALS
	A. Shop Drawings:
	1. See Section 01340 for requirements for the mechanics and administration of the submittal process.
	2. See Section 15060.
	3. Factory test reports.
	4. If mechanical grooved type coupling system is used, submit piping, fittings, and appurtenant items which will be utilized.
	5. Welders certificates.


	1.04 delivery, storage and handling
	1. See Section 01610.


	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Mechanical couplings:
	a. Victaulic Style 89 (rigid)
	b. Victualic Style 107 (rigid)



	2.02 MATERIAL
	A. Pipe Steel
	1. Be of continuous casting
	2. Be homogeneous
	3. Be fully kilned
	4. Be fine austenitic grain size
	5. Fabricated from steel sheet conforming to ASTM A778 Type 304L or                                           316L (as scheduled in Section 15060).
	6. Carbon content shall be 0.35 percent maximum.
	7. Finish shall be No. 1 or No. 2B.
	8. Meet requirements of AWWA C220.

	B. Fittings
	1. Fabricated from steel sheet conforming to ASTM A774 Type 304L or                              316L (as scheduled in Section 15060).

	C. Flanges
	1. Material type to match connecting piping.
	2. Meet the requirements of AWWA C207.
	3. AWWA Class as noted in the piping schedules in Section 15060.

	D. Gaskets: See Section 15060 for schedule and material requirements.

	2.03 MANUFACTURED UNITS
	A. Couplings:
	1. Flanged adaptors:
	a. Carbon steel body sleeve, flange, followers and Grade 30 rubber gaskets.
	b. Provide units specified in Article 2.1.
	c. Flanges meeting standards of adjoining flanges.
	d. Entire assembly to be rated for test pressure specified in Section 15060 for each respective application.

	2. Compression sleeve coupling:
	a. Steel sleeve, followers Grade 30 and rubber gaskets.
	b. Provide units specified in Article 2.1.
	c. Flanges meeting standards of adjoining flanges.
	d. Entire assembly to be rated for test pressure specified in Section 15060 for each respective application.
	e. Provide field coating for buried couplings per AWWA C203.

	3. Mechanical coupling joint:
	a. Use of mechanical grooved type couplings and fittings in lieu of flanged joints is acceptable where specifically specified in Section 15060 or shown on the Drawings.
	b. Utilize units defined in Article 2.1. Provide rigid type unless specified otherwise in Section 15060 or shown on the Drawings.
	c. Couplings shall have ASTM A-536 ductile iron housings with hot-dip galvanized finish, EPDM gaskets, and Type 316 stainless steel hardware.



	2.04 PERFORMANCE AND DESIGN CRITERIA
	A. Pipe and Fittings
	1. Pipe shall be die formed or rolled true to dimension and round. Tolerances for length, inside and outside diameter and straightness shall conform to ASTM A530. The two edges of sheet shall be brought to line so as to not leave a shoulder on the ins...
	2. Wall thickness shall be designed for the working pressure specified in Section 15060. Wall thickness shall not be less than the minimum pipe schedule noted in Section 15060.
	3. Inside pipe diameter shall be a minimum of the nominal pipe diameter specified, unless noted otherwise on the Drawings.

	B. Pipe segments and assemblies shall be shop fabricated with end types as scheduled in Section 15060 and as specified herein.
	1. Flanges:
	a. Welded neck or slip-on, ANSI B16.1 125 lb
	b. AWWA Class as indicated in Section 15060

	2. Screwed Ends
	a. NPT threads per ANSI/ASME B16.11.

	3. Grooved Ends
	a. Roll grooved or cut grooved as recommended by coupling manufacturer.



	2.05 shop welding
	A. Shop welding of fabrications shall be done according to the procedures and by welders certified per ASME Section IX.  Welds shall be by an inert gas shielding process using only extra low carbon filler metals.  Welds shall have a bead height of no ...

	2.06 SOURCE QUALITY CONTROL
	A. Shop hydrostatic test pipe and fittings in accordance with AWWA C200.
	B. Test 5 percent of all fitting welds using ultrasonic or radiography testing performed by
	an independent certified welding inspector.

	2.07 SHOP cleaning
	A. Remove all carbon deposits, greases, and oils by pickling and neutralization to aid the regeneration of a uniform corrosion resistant chromium oxide film.  Completely immerse all stainless steel assemblies and parts after welding and brushing in a ...


	Part 3: EXECUTION
	3.01 INSTALLATION
	A. General
	1. Stainless steel pipe shall be installed in a neat and workmanlike manner, properly aligned and cut from measurements taken at the Site to avoid interferences with structural members, architectural features, openings, and equipment.  Exposed pipe sh...

	B. Threaded Joints
	1.  Pipe threads shall conform to ANSI/ASME B 1.20.1 - Pipe Threads, General Purpose (inch), and shall be full and cleanly cut with sharp dies.  Not more than three threads shall remain exposed after installation.

	C. Flanged Joints:
	1. Leave 1/8 to 3/8 IN of flange bolts projecting beyond face of nut after tightening.
	2. Coordinate dimensions and drillings of flanges with flanges for valves, pumps, equipment, tank, and other interconnecting piping systems.
	3. When bolting flange joints, exercise extreme care to assure that there is no restraint on opposite end of pipe or fitting which would prevent uniform gasket compression or cause unnecessary stress, bending or torsional strains being applied to cast...
	a. Allow one flange free movement in any direction while bolts are being tightened.

	4. Do not assemble adjoining flexible coupled, mechanical coupled or welded joints until flanged joints in piping system have been tightened.
	5. Gradually tighten flange bolts uniformly to permit even gasket compression.
	6. Do not overstress bolts to compensate for poor installation.

	D. Field welding will not be allowed unless approved by the Engineer.
	E. Mechanical Couplings:
	1. Compression sleeve:
	a. Install coupling to allow space of not less than 1/4 IN but not more than 1 IN.
	b. Provide harnessed joint.
	1) Use joint harness arrangements detailed in AWWA M11.

	c. Design harness assembly with adequate number of tie rods for test pressures indicated in Section 15060 and allow for expansion of pipe.
	d. Provide ends to be joined or fitted with compression sleeve couplings of the plain end type.
	e. Grind smooth welds the length of one (1) coupling on either side of joint to be fitted with any coupling.
	f. Assure that outside diameter and out-of-round tolerances are within limits required by coupling manufacturer.

	2. Mechanical coupling:
	a. Arrange piping so that pipe ends are in full contact.
	b. Groove and shoulder ends of piping in accordance with manufacturer's recommendations.
	c. Provide coupling and grooving technique assuring a connection which passes pressure testing requirements.


	F. Supports and Anchors
	1. Piping shall be firmly supported with fabricated or commercial hangers or supports in accordance with Section 15090 - Pipe Support Systems.  Where necessary to avoid stress on equipment or structural members, the pipe shall be anchored or harnessed...

	G. Valves and Unions
	1. Unless otherwise indicated, connections to fixtures, groups of fixtures, and equipment shall be provided with a shutoff valve and union, unless the valve has flanged ends.  Unions shall be provided at threaded valves, equipment, and other devices r...


	3.02 INSPECTION AND FIELD TESTING
	A. Inspection:  The finished installation shall be carefully inspected for proper supports, anchoring, interferences, and damage to pipe, fittings, and coating.  Damage shall be repaired to the satisfaction of the Engineer.
	B. Pressure test piping in accordance with Section 15060.

	3.03 CLEANING AND DISINFECTION
	A. Remove all rocks and debris from piping prior to commissioning. Disinfect potable water lines per Section 15060.
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	VIBRATION CONTROLS FOR HVAC
	Part 1: GENERAL
	1.01 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.02 SUMMARY
	A. This Section includes the following:
	1. Elastomeric hangers.
	2. Spring hangers.
	3. Concrete equipment bases.


	1.03 DEFINITIONS
	A. Av:  Effective peak velocity related acceleration coefficient.
	B. OSHPD:  Office of Statewide Health Planning & Development for the State of California.  OSHPD assigns a unique anchorage preapproval “R” number to each seismic restraint it tests.  The number describes a specific device applied as tested.

	1.04 SUBMITTALS
	A. Product Data:  Include load deflection curves for each vibration isolation device.

	1.05 COORDINATION
	A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into base.
	B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.


	Part 2: PRODUCTS
	2.01 MANUFACTURERS
	A. In other Part 2 articles where subparagraph titles below introduce lists, the following requirements apply for product selection:
	1. Manufacturers:  Subject to compliance with requirements, provide products by the manufacturers specified.


	2.02 VIBRATION ISOLATORS
	A. Manufacturers:
	1. Ace Mounting Co., Inc.
	2. Amber/Booth Company, Inc.
	3. B-Line Systems, Inc.
	4. California Dynamics Corp.
	5. Isolation Technology, Inc.
	6. Kinetics Noise Control, Inc.
	7. Mason Industries, Inc.
	8. Vibration Eliminator Co., Inc.
	9. Vibration Isolation Co., Inc.
	10. Vibration Mountings & Controls/Korfund.

	B. Elastomeric Hangers:  Double-deflection type, with molded, oil-resistant rubber or neoprene isolator elements bonded to steel housings with threaded connections for hanger rods.  Color-code or otherwise identify to indicate capacity range.
	C. Spring Hangers:  Combination coil-spring and elastomeric-insert hanger with spring and insert in compression.
	1. Frame:  Steel, fabricated for connection to threaded hanger rods and to allow for a maximum of 30 degrees of angular hanger-rod misalignment without binding or reducing isolation efficiency.
	2. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the spring at rated load.
	3. Minimum Additional Travel:  50 percent of the required deflection at rated load.
	4. Lateral Stiffness:  More than 80 percent of the rated vertical stiffness.
	5. Overload Capacity:  Support 200 percent of rated load, fully compressed, without deformation or failure.
	6. Elastomeric Element:  Molded, oil-resistant rubber or neoprene.  Steel-washer-reinforced cup to support spring and bushing projecting through bottom of frame.


	2.03 FACTORY FINISHES
	A. Manufacturer’s standard prime-coat finish ready for field painting.
	B. Finish:  Manufacturer’s standard paint applied to factory-assembled and -tested equipment before shipping.
	1. Powder coating on springs and housings.
	2. All hardware shall be electro-galvanized.  Hot-dip galvanized metal components for exterior use.
	3. Baked enamel for metal components on isolators for interior use.
	4. Color-code or otherwise mark vibration isolation and seismic-control devices to indicate capacity range.



	Part 3: EXECUTION
	3.01 EXAMINATION
	A. Examine areas and equipment to receive vibration isolation devices for compliance with requirements, installation tolerances, and other conditions affecting performance.
	B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.02 INSTALLATION
	A. Install roof curbs, equipment supports, and roof penetrations as specified in drawings.
	B. Install resilient bolt isolation washers on equipment anchor bolts.

	3.03 EQUIPMENT BASES
	A. Concrete Bases:  Anchor equipment to concrete base according to supported equipment manufacturer’s written instructions for seismic codes at Project site.
	1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install dowel rods on 18-inch (450-mm) centers around the full perimeter of the base.
	2. Install epoxy-coated anchor bolts for supported equipment that extend through concrete base and anchor into structural concrete floor.
	3. Place and secure anchorage devices.  Use Setting Drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	4. Install anchor bolts to elevations required for proper attachment to supported equipment.
	5. Install anchor bolts according to anchor-bolt manufacturer’s written instructions.
	6. Cast-in-place concrete materials and placement requirements are specified in Division 03.


	3.04 FIELD QUALITY CONTROL
	A. Testing:  Engage a qualified testing agency to perform the following field quality-control testing:

	3.05 ADJUSTING
	A. Torque anchor bolts according to equipment manufacturer’s written recommendations to resist seismic forces.

	3.06 CLEANING
	A. After completing equipment installation, inspect vibration isolation and seismic-control devices.  Remove paint splatters and other spots, dirt, and debris.

	3.07 VIBRATION ISOLATOR AND SEISMIC-RESTRAINT SCHEDULE
	A. Air Handling Unit Fans:
	1. Equipment Location:  Suspended.
	2. Isolator Type:  Spring hangers.
	3. Base Type:  AHU base by equipment manufacturer.
	4. Minimum Deflection:  1.75 inches unless noted otherwise.

	B. Vaneaxial Fans:  Kitchen Hood Make-up Fan, Combination Grease, Smoke and Odor Removal Units, and above Ceiling Liebert – type units.
	1. Equipment Location:  Suspended above ceiling/deck.
	2. Isolator Type:  Spring hangers.
	3. Base Type:  Structural steel frame furnished with fan.
	4. Minimum Deflection:  1.75 inches unless noted otherwise.

	C. Unit Heaters:
	1. Equipment Location: Suspended.
	2. Isolator Type:  Elastomeric hangers.
	3. Base Type:  None.
	4. Minimum Deflection:  0.25 inches.
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	IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT
	Part 1: GENERAL
	1.01 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.02 SUMMARY
	A. This Section includes the following mechanical identification materials and their installation:
	1. Equipment nameplates.
	2. Equipment markers.
	3. Equipment signs.
	4. Access panel and door markers.
	5. Duct markers.
	6. Warning tags.


	1.03 SUBMITTALS
	A. Product Data:  For each type of product indicated.

	1.04 QUALITY ASSURANCE
	A. ASME Compliance:  Comply with ASME A13.1, “Scheme for the Identification of Piping Systems,” for letter size, length of color field, colors, and viewing angles of identification devices for piping.

	1.05 COORDINATION
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	B. Coordinate installation of identifying devices with location of access panels and doors.
	C. Install identifying devices before installing acoustical ceilings and similar concealment.


	Part 2: PRODUCTS
	2.01 EQUIPMENT IDENTIFICATION DEVICES
	A. Equipment Nameplates:  Metal, with data engraved or stamped, for permanent attachment on equipment.
	1. Data:
	a. Manufacturer, product name, model number, and serial number.
	b. Capacity, operating and power characteristics, and essential data.
	c. Labels of tested compliances.

	2. Location:  Accessible and visible.
	3. Fasteners:  As required to mount on equipment.

	B. Equipment Markers:  Engraved, color-coded laminated plastic.  Include contact-type, permanent adhesive.
	1. Terminology:  Match schedules as closely as possible.
	2. Data:
	a. Name and plan number.
	b. Equipment service.
	c. Design capacity.
	d. Other design parameters such as pressure drop, entering and leaving conditions, and speed.

	3. Size:  2-1/2 by 4 inches (64 by 100 mm) for control devices, dampers, and valves; 4-1/2 by 6 inches (115 by 150 mm) for equipment.

	C. Equipment Signs:  ASTM D709, Type I, cellulose, paper-base, phenolic-resin-laminate engraving stock; Grade ES-2, black surface, black phenolic core, with white melamine subcore, unless otherwise indicated.  Fabricate in sizes required for message. ...
	1. Data:  Instructions for operation of equipment and for safety procedures.
	2. Engraving:  Manufacturer’s standard letter style, of sizes and with terms to match equipment identification.
	3. Thickness:  1/16 inch (1.6 mm) for units up to 20 sq. in. (130 sq. cm) or 8 inches (200 mm) in length, and 1/8 inch (3.2 mm) for larger units.
	4. Fasteners:  Self-tapping, stainless-steel screws or contact-type, permanent adhesive.

	D. Access Panel and Door Markers:  1/16-inch (1.6-mm) thick, engraved laminated plastic, with abbreviated terms and numbers corresponding to identification.  Provide 1/8-inch (3.2-mm) center hole for attachment.
	1. Fasteners:  Self-tapping, stainless-steel screws or contact-type, permanent adhesive.


	2.02 DUCT IDENTIFICATION DEVICES
	A. Duct Markers:  Engraved, color-coded laminated plastic.  Include direction and quantity of airflow and duct service (such as supply, return, and exhaust).  Include contact-type, permanent adhesive.

	2.03 WARNING TAGS
	A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags; of plasticized card stock with matte finish suitable for writing.
	1. Size:  Approximately 4 by 7 inches (100 by 178 mm).
	2. Fasteners:  Brass grommet and wire.
	3. Nomenclature:  Large-size primary caption such as DANGER, CAUTION, or DO NOT OPERATE.
	4. Color:  Yellow background with black lettering.



	Part 3: EXECUTION
	3.01 APPLICATIONS, GENERAL
	A. Products specified are for applications referenced in other Division 15 Sections.  If more than single-type material, device, or label is specified for listed applications, selection is Installer’s option.

	3.02 EQUIPMENT IDENTIFICATION
	A. Install and permanently fasten equipment nameplates on each major item of mechanical equipment that does not have nameplate or has nameplate that is damaged or located where not easily visible.  Locate nameplates where accessible and visible.
	B. Install equipment markers with permanent adhesive on or near each major item of mechanical equipment.  Data required for markers may be included on signs, and markers may be omitted if both are indicated.
	1. Letter Size:  Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately larger lettering for greater viewing distances.  In...
	2. Data:  Distinguish among multiple units, indicate operational requirements, indicate safety and emergency precautions, warn of hazards and improper operations, and identify units.
	3. Locate markers where accessible and visible.  Include markers for the following general categories of equipment:
	a. Heat exchangers, coils, evaporators, cooling towers, heat recovery units, and similar equipment.
	b. Fans, blowers, primary balancing dampers, and mixing boxes.
	c. Packaged HVAC central-station and zone-type units.


	C. Install equipment signs with screws or permanent adhesive on or near each major item of mechanical equipment.  Locate signs where accessible and visible.
	1. Identify mechanical equipment with equipment markers in the following color codes:
	a. Green:  For cooling equipment and components.
	b. Yellow:  For heating equipment and components.
	c. Green and Yellow:  For combination cooling and heating equipment and components.
	d. Brown:  For energy-reclamation equipment and components.

	2. Letter Size:  Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately larger lettering for greater viewing distances.  In...
	3. Data:  Distinguish among multiple units, indicate operational requirements, indicate safety and emergency precautions, warn of hazards and improper operations, and identify units.

	D. Install access panel markers with screws on equipment access panels.

	3.03 DUCT IDENTIFICATION
	A. Install duct markers with permanent adhesive on air ducts in the following color codes:
	1. Green:  For cold-air supply ducts.
	2. Yellow:  For hot-air supply ducts.
	3. Blue:  For exhaust-, outside-, relief-, return-, and mixed-air ducts.
	4. ASME A13.1 Colors and Designs:  For hazardous material exhaust.
	5. Letter Size:  Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately larger lettering for greater viewing distances.  In...

	B. Locate markers near points where ducts enter into concealed spaces and at maximum intervals of 50 feet (15 m) in each space where ducts are exposed or concealed by removable ceiling system.

	3.04 WARNING-TAG INSTALLATION
	A. Write required message on, and attach warning tags to, equipment and other items where required.

	3.05 ADJUSTING
	A. Relocate mechanical identification materials and devices that have become visually blocked by other work.

	3.06 CLEANING
	A. Clean faces of mechanical identification devices and glass frames of valve schedules.
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	DUCT INSULATION
	Part 1: GENERAL
	1.01 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.02 SUMMARY
	A. This Section includes semi-rigid and flexible duct, plenum, and breeching insulation; insulating cements; field-applied jackets; accessories and attachments; and sealing compounds.

	1.03 SUBMITTALS
	A. Product Data:  Identify thermal conductivity, thickness, and jackets (both factory and field applied, if any), for each type of product indicated.
	B. Material Test Reports:  From a qualified testing agency acceptable to authorities having jurisdiction indicating, interpreting, and certifying test results for compliance of insulation materials, sealers, attachments, cements, and jackets with requ...
	C. Installer Certificates:  Signed by the Contractor certifying that installers comply with requirements.

	1.04 QUALITY ASSURANCE
	A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the U.S. Department of Labor, Bureau of Apprenticeship and Training.
	B. Fire-Test-Response Characteristics:  As determined by testing materials identical to those specified in this Section according to ASTM E84, by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label insulation ...
	1. Insulation Installed Indoors:  Flame-spread rating of 25 or less, and smoke-developed rating of 50 or less.
	2. Insulation Installed Outdoors:  Flame-spread rating of 75 or less, and smoke-developed rating of 150 or less.


	1.05 DELIVERY, STORAGE, AND HANDLING
	A. Packaging:  Ship insulation materials in containers marked by manufacturer with appropriate ASTM specification designation, type and grade, and maximum use temperature.

	1.06 COORDINATION
	A. Coordinate clearance requirements with duct Installer for insulation application.

	1.07 SCHEDULING
	A. Schedule insulation application after testing duct systems.  Insulation application may begin on segments of ducts that have satisfactory test results.


	Part 2: PRODUCTS
	2.01 MANUFACTURERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Mineral-Fiber Insulation:
	a. CertainTeed Manson.
	b. Knauf FiberGlass GmbH.
	c. Owens-Corning Fiberglas Corp.
	d. Schuller International, Inc.



	2.02 INSULATION MATERIALS
	A. Mineral-Fiber Board Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  Comply with ASTM C612, Type IB, without facing and with all-service jacket manufactured from kraft paper, reinforcing scrim, aluminum foil, and vinyl film.  (...
	B. Mineral-Fiber Blanket Thermal Insulation:  0.75 lb./ft3, glass fibers bonded with a thermosetting resin.  Comply with ASTM C553, Type II, without facing and with all-service jacket manufactured from kraft paper, reinforcing scrim, aluminum foil, an...

	2.03 ACCESSORIES AND ATTACHMENTS
	A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape.  Woven glass-fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd. (270 g/sq. m).
	1. Tape Width:  4 inches (100 mm).

	B. Bands:  3/4 inch (19 mm) wide, in one of the following materials compatible with jacket:
	1. Stainless Steel:  ASTM A66, Type 304; 0.020 inch (0.5 mm) thick.
	2. Galvanized Steel:  0.005 inch (0.13 mm) thick.
	3. Aluminum:  0.007 inch (0.18 mm) thick.
	4. Brass:  0.010 inch (0.25 mm) thick.
	5. Nickel-Copper Alloy:  0.005 inch (0.13 mm) thick.

	C. Wire:  0.080-inch (2.0-mm), nickel-copper alloy; 0.062-inch (1.6-mm), soft-annealed, stainless steel; or 0.062-inch (1.6-mm), soft-annealed, galvanized steel.
	D. Self-Adhesive Anchor Pins and Speed Washers:  Galvanized steel plate, pin, and washer manufactured for attachment to duct and plenum with adhesive.  Pin length sufficient for insulation thickness indicated.

	2.04 VAPOR RETARDERS
	A. Mastics:  Materials recommended by insulation material manufacturer that are compatible with insulation materials, jackets, and substrates.


	Part 3: EXECUTION
	3.01 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.02 PREPARATION
	A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely affect insulation application.

	3.03 GENERAL APPLICATION REQUIREMENTS
	A. Apply insulation materials, accessories, and finishes according to the manufacturer’s written instructions; with smooth, straight, and even surfaces; and free of voids throughout the length of ducts and fittings.
	B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses required for each duct system.
	C. Use accessories compatible with insulation materials and suitable for the service.  Use accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Apply multiple layers of insulation with longitudinal and end seams staggered.
	E. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor retarder.
	F. Keep insulation materials dry during application and finishing.
	G. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by the insulation material manufacturer.
	H. Apply insulation with the least number of joints practical.
	I. Apply insulation over fittings and specialties, with continuous thermal and vapor-retarder integrity, unless otherwise indicated.
	J. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at hangers, supports, anchors, and other projections with vapor-retarder mastic.  Apply insulation continuously through hangers and around anchor attachments.
	K. Insulation Terminations:  For insulation application where vapor retarders are indicated, seal ends with a compound recommended by the insulation material manufacturer to maintain vapor retarder.
	L. Apply insulation with integral jackets as follows:
	1. Pull jacket tight and smooth.
	2. Joints and Seams:  Cover with tape and vapor retarder as recommended by insulation material manufacturer to maintain vapor seal.
	3. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on seams and joints and at ends adjacent to duct flanges and fittings.

	M. Cut insulation according to manufacturer’s written instructions to prevent compressing insulation to less than 75 percent of its nominal thickness.
	N. Install vapor-retarder mastic on ducts and plenums scheduled to receive vapor retarders.
	1. Ducts with Vapor Retarders:  Overlap insulation facing at seams and seal with vapor-retarder mastic and pressure-sensitive tape having same facing as insulation.  Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-retar...
	2. Ducts without Vapor Retarders:  Overlap insulation facing at seams and secure with outward clinching staples and pressure-sensitive tape having same facing as insulation.

	O. Roof Penetrations:  Apply insulation for interior applications to a point even with top of roof flashing.
	1. Seal penetrations with vapor-retarder mastic.
	2. Apply insulation for exterior applications tightly joined to interior insulation ends.
	3. Seal insulation to roof flashing with vapor-retarder mastic.

	P. Interior Wall and Partition Penetrations:  Apply insulation continuously through walls and partitions, except fire-rated walls and partitions.
	Q. Fire-Rated Wall and Partition Penetrations:  Terminate insulation at fire/smoke damper sleeves for fire-rated wall and partition penetrations.
	R. Floor Penetrations:  Terminate insulation at underside of floor assembly and at floor support at top of floor.
	1. For insulation indicated to have vapor retarders, taper termination and seal insulation ends with vapor-retarder mastic.


	3.04 MINERAL-FIBER INSULATION APPLICATION
	A. Blanket Applications for Ducts and Plenums:  Secure blanket insulation with adhesive and anchor pins and speed washers.
	1. Apply adhesives according to manufacturer’s recommended coverage rates per square foot, for 100 percent coverage of duct and plenum surfaces.
	2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transitions.
	3. Install anchor pins and speed washers on sides and bottom of horizontal ducts and sides of vertical ducts as follows:
	a. On duct sides with dimensions 18 inches (450 mm) and smaller, along longitudinal centerline of duct.  Space 3 inches (75 mm) maximum from insulation end joints, and 16 inches (400 mm) o.c.
	b. On duct sides with dimensions larger than 18 inches (450 mm).  Space 16 inches (400 mm) o.c. each way, and 3 inches (75 mm) maximum from insulation joints.  Apply additional pins and clips to hold insulation tightly against surface at cross bracing.
	c. Anchor pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
	d. Do not overcompress insulation during installation.

	4. Impale insulation over anchors and attach speed washers.
	5. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface.  Cover exposed pins and washers with tape matching insulation facing.
	6. Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches (50 mm) from one edge and one end of insulation segment.  Secure laps to adjacent insulation segment with 1/2-inch (13-mm) staples, 1 inch (25 mm) o.c., ...
	7. Overlap unfaced blankets a minimum of 2 inches (50 mm) on longitudinal seams and end joints.  Secure with steel band at end joints and spaced a maximum of 18 inches (450 mm) o.c.
	8. Apply insulation on rectangular duct elbows and transitions with a full insulation segment for each surface.  Apply insulation on round and flat-oval duct elbows with individually mitered gores cut to fit the elbow.
	9. Insulate duct stiffeners, hangers, and flanges that protrude beyond the insulation surface with 6-inch (150-mm) wide strips of the same material used to insulate duct.  Secure on alternating sides of stiffener, hanger, and flange with anchor pins s...
	10. Apply vapor-retarder mastic to open joints, breaks, and punctures for insulation indicated to receive vapor retarder.

	B. Board Applications for Ducts and Plenums:  Secure board insulation with adhesive and anchor pins and speed washers.
	1. Apply adhesives according to manufacturer’s recommended coverage rates per square foot, for 100 percent coverage of duct and plenum surfaces.
	2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transitions.
	3. Space anchor pins as follows:
	a. On duct sides with dimensions 18 inches (450 mm) and smaller, along longitudinal centerline of duct.  Space 3 inches (75 mm) maximum from insulation end joints, and 16 inches (400 mm) o.c.
	b. On duct sides with dimensions larger than 18 inches (450 mm).  Space 16 inches (400 mm) o.c. each way, and 3 inches (75 mm) maximum from insulation joints. Apply additional pins and clips to hold insulation tightly against surface at cross bracing.
	c. Anchor pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
	d. Do not overcompress insulation during installation.

	4. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface.  Cover exposed pins and washers with tape matching insulation facing.
	5. Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches (50 mm) from one edge and one end of insulation segment.  Secure laps to adjacent insulation segment with 1/2-inch (13-mm) staples, 1 inch (25 mm) o.c., ...
	6. Apply insulation on rectangular duct elbows and transitions with a full insulation segment for each surface.  Groove and score insulation to fit as closely as possible to outside and inside radius of elbows.  Apply insulation on round and flat-oval...
	7. Insulate duct stiffeners, hangers, and flanges that protrude beyond the insulation surface with 6-inch (150-mm) wide strips of the same material used to insulate duct.  Secure on alternating sides of stiffener, hanger, and flange with anchor pins s...
	8. Apply vapor-retarder mastic to open joints, breaks, and punctures for insulation indicated to receive vapor retarder.


	3.05 FIELD-APPLIED JACKET APPLICATION
	A. Apply glass-cloth jacket, where indicated, directly over bare insulation or insulation with factory-applied jackets.
	1. Apply jacket smooth and tight to surface with 2-inch (50-mm) overlap at seams and joints.
	2. Embed glass cloth between two 0.062-inch (1.6-mm) thick coats of jacket manufacturer’s recommended adhesive.
	3. Completely encapsulate insulation with jacket, leaving no exposed raw insulation.


	3.06 FINISHES
	A. Glass-Cloth Jacketed Insulation:  Paint insulation finished with glass-cloth jacket as specified in Division 09.
	B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of insulation manufacturer’s recommended protective coating.
	C. Color:  Final color as selected by Architect/Engineer.  Vary first and second coats to allow visual inspection of the completed Work.

	3.07 DUCT SYSTEM APPLICATIONS
	A. Insulation materials and thicknesses are specified in schedules at the end of this Section.
	B. Materials and thicknesses for systems listed below are specified in schedules at the end of this Section.
	C. Insulate the following plenums and duct systems:
	1. Indoor concealed supply-, return-, and outside-air ductwork.
	2. Indoor exposed supply-, return-, and outside-air ductwork.
	3. Outdoor exposed supply and return ductwork.

	D. Items Not Insulated:  Unless otherwise indicated, do not apply insulation to the following systems, materials, and equipment:
	1. Metal ducts with duct liner.
	2. Factory-insulated flexible ducts.
	3. Factory-insulated plenums, casings, terminal boxes, and filter boxes and sections.
	4. Flexible connectors.
	5. Vibration-control devices.
	6. Testing agency labels and stamps.
	7. Nameplates and data plates.
	8. Access panels and doors in air-distribution systems.


	3.08 INDOOR DUCT AND PLENUM APPLICATION SCHEDULE
	A. Service:  Round and rectangular, supply-air ducts, concealed.
	1. Material:  Mineral-fiber blanket.
	2. Thickness:  2 inches (50mm).
	3. Number of Layers:  One.
	4. Field-Applied Jacket:  None.
	5. Vapor Retarder Required:  Yes.

	B. Service:  Round and rectangular, return-air ducts, concealed.
	1. Material:  Mineral-fiber blanket.  No insulation is required if duct is located in a return air plenum.
	2. Thickness:  2 inches (50 mm).
	3. Number of Layers:  One.
	4. Field-Applied Jacket:  None.
	5. Vapor Retarder Required:  Yes.

	C. Service:  Round and rectangular, outside-air ducts, concealed.
	1. Material:  Mineral-fiber blanket.
	2. Thickness:  2 inches (50mm).
	3. Number of Layers:  One.
	4. Field-Applied Jacket:  None.
	5. Vapor Retarder Required:  Yes.

	D. Service:  Round and rectangular, supply-air ducts, exposed.
	1. Material:  Mineral-fiber board.
	2. Thickness:  1-1/2 inch (38 mm).
	3. Number of Layers:  One.
	4. Field-Applied Jacket:  Glass cloth.
	5. Vapor Retarder Required:  Yes.

	E. Service:  Round and rectangular, return-air ducts, exposed.
	1. Material:  Mineral-fiber board.
	2. Thickness:  1-1/2 inch (38 mm).
	3. Number of Layers:  One.
	4. Field-Applied Jacket:  Glass cloth.
	5. Vapor Retarder Required:  Yes.

	F. Service:  Round and rectangular, outside-air ducts, exposed.
	1. Material:  Mineral-fiber board.
	2. Thickness:  1-1/2 inches (38 mm).
	3. Number of Layers:  One.
	4. Field-Applied Jacket:  Glass cloth.
	5. Vapor Retarder Required:  Yes.




	15090
	PIPE AND CONDUIT SUPPORT SYSTEMS
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Pipe, duct and conduit support and anchor systems.

	B. Related Sections include but are not necessarily limited to:
	1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 - General Requirements.
	3. Section 09905 - Painting and Protective Coatings.
	4. Section 11005 - Equipment Basic Requirements
	5. Section 15060 - Pipe and Pipe Fittings: Basic Requirements
	6. Section 15815 – Metal Ducts
	7. Section 16010 – Electrical: Basic Requirements
	8. Section 16111 – Conduit, Fittings, and Bodie


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Society of Mechanical Engineers (ASME):
	a. B31.1, Power Piping.
	b. B31.3, Process Piping.

	2. ASTM International (ASTM):
	a. A36, Standard Specification for Carbon Structural Steel.
	b. A510, Standard Specification for General Requirements for Wire Rods and Coarse Round Wire, Carbon Steel.
	c. A575, Standard Specification for Steel Bars, Carbon, Merchant Quality, M-Grades.
	d. A576, Standard Specification for Steel Bars, Carbon, Hot-Wrought, Special Quality.

	3. American Welding Society (AWS):
	a. D1.1, Structural Welding Code - Steel.

	4. Manufacturer's Standardization Society of the Valve and Fittings Industry, Inc. (MSS):
	a. SP-58, Pipe Hangers and Supports - Materials, Design and Manufacture.
	b. SP-69, Pipe Hangers and Supports - Selection and Application.

	5. Building code:
	a. International Code Conference (ICC):
	1) International Building Code and associated standards, 2009 Edition including all City and State of Washington amendments, referred to herein as “Building Code.”


	6. SMACNA Seismic Restraint Manual:
	a. Guidelines for Mechanical Systems, with Seismic Hazard Level (SHL) of “A.”



	1.03 SUBMITTALS
	A. Shop Drawings:
	1. See Section 01340 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Itemized list of wall sleeves, anchors, support devices and all other items related to pipe support system.
	d. Scale drawings showing guides, hangers, supports, anchors, structural members and appurtenances to describe the pipe support system stamped by a Professional Engineer registered in the State of Texas.




	Part 2: PRODUCTS
	2.01 General
	A. Model numbers listed in the specifications and on the drawings for pipe support components are intended to establish the type, function and quality required.  Actual model numbers will vary with materials of construction.  Materials shall comply wi...
	B. Materials
	1. Chemical Storage and Feed Areas
	a. Hydrofluosilisic Acid:
	1) Fiberglass reinforced plastic (FRP) modular framing system with non-metallic pipe clamps and attachment hardware; Type 316 stainless steel anchor bolts

	b. Ferric Sulfate/Alum; Powder Activated Carbon; Caustic; Lime Slurry; Aqueous Ammonia
	1) Type 316 stainless steel for all support types; Type 316 stainless steel hardware and anchor bolts, pipe clamps, etc…

	c. Other Exterior and Corrosive Locations:
	1) Exterior and above or within a tank, box, compartment or channel that has liquid or transports liquid from one unit to another; highly corrosive; inside of vaults; or areas designated as Class I , Division 1 or 2 areas: Type 316 stainless steel


	2. Interior, Non-Corrosive Areas
	a.   Hot dip galvanized after fabrication



	2.02 MANUFACTURED UNITS
	A. Hanger Rods:
	1. Minimum allowable tensile stress of 12,000 psi at 650 DegF per MSS SP-58.
	2. Continuously threaded.
	3. Load limit:

	B. Hangers:
	1. Hanger type schedule:

	C. Concrete Inserts for Hanger Rods:
	1. Continuous slots:  Unistrut #P1000.
	2. Individual inserts:  ANVIL Figure 281.
	3. Self-drilling expansion anchors:  Phillips flush-end or snap-off end type.

	D. Beam Clamps for Hanger Rods:
	1. Heavy-duty.
	2. ANVIL Figure 134.

	E. Trapeze Hangers for Suspended Piping:
	1. Angles, channels, or other structural shapes.
	2. Curved roller surfaces at support point corresponding with type of hanger required.

	F. Vertical Pipe Supports:
	1. At base of riser.
	2. Lateral movement for clamps or brackets: ANVIL Figure 259.

	G. Expanding Pipe Supports:
	1. Spring hanger type.
	2. MSS SP-58.

	H. Pipe Support Saddle:
	1. For pipe located 3 FT or less from floor elevation, except as otherwise indicated on Drawings.
	2. ANVIL Figure 264.

	I. Pipe Support Risers:
	1. Minimum Schedule 40 pipe.
	2. As recommended by saddle manufacturer.

	J. Pipe Support Base Plate:
	1. As shown on Standard Details

	K. Pipe Covering Protection Saddle:
	1. For insulated pipe at point of support.
	2. ANVIL Figure 167, Type B.

	L. Wall Brackets:
	1. For pipe located near walls and 8 FT or more above floor elevation or as otherwise indicated on the Drawings.
	2. ANVIL Figure 199.

	M. Pipe Anchors:
	1. 1/4 IN plate construction.
	2. Designed to prevent movement of pipe at point of attachment.

	N. Seismic Restraints:
	1. Aircraft cables or angles or channels.
	2. Aircraft cables shall be prestretched to establish a certified minimum modulus of elasticity.  Cable restraints shall be designed to resist seismic tension loads and restraints shall be designed to resist both tension and compression loads with a m...
	3. Restraint and connections shall be assemblies that swivel to the final installation angle.
	4. Do not mix cable and angle restraints to brace the same system.
	5. Angles shall be clamped to the threaded hanger rods at the seismic sway restraint locations utilizing a minimum of two (2) clamps.
	6. Transverse bracing shall be provided at 40 FT-0 IN maximum spacing unless noted otherwise.
	7. Longitudinal bracing shall be provided at 80 FT-0 IN maximum spacing unless noted otherwise.
	8. Fuel gas piping shall have transverse bracing 20 FT-0 IN OC maximum and longitudinal bracing 40 FT-0 IN OC maximum.
	9. At vertical pipe risers, wherever possible, support the weight of the riser at a point or points above the center of gravity of the riser.  Provide lateral guides at the top and bottom of the riser, and at intermediate points not to exceed 30 FT-0 ...

	O. Pipe Guides:
	1. For locations on both sides on each expansion joint or loop.
	2. To ensure proper alignment of expanding or contracting pipe.
	3. ANVIL Figure 256.
	4. Sway Strut: ANVIL Figure 640.

	P. Modular Framing Systems
	1. Manufacturers
	a. Unistrut Corp, Tyco International Ltd.
	b. B-Line Systems, Inc.; a division of Cooper Industries Power-Strut Div, International Ltd.
	c. Anvil Power Strut
	d. Kindorf.
	e. Metal Products Div., USG Industries, Inc.
	f. Mono-Systems, Inc.
	g. Superstrut.

	2. Materials:
	a. Struts: Material as noted in Paragraph 2.01.
	b. Pipe Clamps: Material as noted in Paragraph 2.01.
	c. Fasteners:  Material as noted in Paragraph 2.01.


	Q. Substitutions:
	1. Submit request for substitutions in accordance with Specification Section 01630.


	2.03 DESIGN REQUIREMENTS
	A. Supports are shown on Drawings only for the purpose of identifying the type of support to be provided and key locations of supports. Contractor shall size and locate all pipe supports and submit stamped drawing for approval prior to commencing any ...
	B. Supports capable of supporting the pipe for all service and testing conditions.
	1. Provide 5 to 1 safety factor.

	C. Allow free expansion and contraction of the piping to prevent excessive stress resulting from service and testing conditions or from weight transferred from the piping or attached equipment.
	D. Design supports and hangers to allow for proper pitch of pipes.
	E. Check all physical clearances between piping, support system and structure.
	1. Provide for vertical adjustment after erection.

	F. Support vertical pipe runs in pipe chases at base of riser.
	1. Support pipes for lateral movement with clamps or brackets.

	G. Place hangers on outside of pipe insulation.
	1. Use a pipe covering protection saddle for insulated pipe at support point.
	2. Insulated piping 1-1/2 IN and less:  Provide a 9 IN length of 9 LB density fiberglass insulation at saddle.
	3. Insulated piping over 1-1/2 IN:  Provide a 12 IN length of 9 LB density fiberglass insulation on saddle.

	H. Provide 20 GA galvanized steel pipe saddle for fiberglass and plastic support points to ensure minimum contact width of 4 IN.
	I. Pipe Support Spacing:
	1. General:
	a. Factor loads by specific weight of liquid conveyed if specific weight is greater than water.
	b. Locate pipe supports at maximum spacing scheduled unless indicated otherwise on the Drawings.
	c. Provide at least one (1) support for each length of pipe at each change of direction and at each valve.
	d. Connections at equipment:  Support pipes with pipe support and not equipment.
	e. Provide additional supports at pipe couplings and/or flexible joints.

	2. Steel, stainless steel, cast-iron pipe support schedule:
	3. Copper pipe support schedule:
	4. PVC pipe support schedule:
	5. Support each length and every fitting:
	a. Bell and spigot piping:
	1) At least one (1) hanger.
	2) Applied at bell.

	b. Mechanical coupling joints:
	1) Place hanger within 2 FT of each side of fittings to keep pipes in alignment.


	6. Space supports for soil and waste pipe and other piping systems not included above every 5 FT.
	7. Provide continuous support for nylon tubing located in the horizontal plane.  Locate supports in the vertical plane at a maximum of 3 FT.
	8. Accessories for PVC, FRP and copper pipe
	a. Unistruct unicushion or equal.


	J. Modular Framing Systems
	1. Size per manufacturer’s recommendations for pipe size and spacing specified or shown.
	2. Strut shall be minimum of 1-5/8 IN wide and in varying heights and welded combinations as required to meet the load capacities and designs indicated on the Drawings.
	a. Stainless steel:
	1) Strut and fittings shall be made from 12 gauge minimum.
	2) 0.66 times the yield stress of the stainless steel alloy.
	3) Maximum Deflection: 1/240 of span.


	3. Allowable Column Loads: As recommended by manufacturer in published instruction for column's unsupported height and "K" value for calculating effective column length of not less than 1.0.
	4. Hardware:
	a. Stainless steel.
	b. Hardware shall include, but not be limited to, hex head bolts, nuts, washers, split lock washers, hex head lag bolts, treaded rod, rod couplings, eye bolts, and u-bolts.

	5. Anchors:
	a. Per Section 05090.

	6. Plastic End Caps:
	a. Plastic end caps for strut manufactured by the strut manufacturer in soft white PVC and appropriately sized for strut utilized.




	Part 3: EXECUTION
	3.01 INSTALLATION
	A. Provide piping systems exhibiting pulsation, vibration, swaying, or impact with suitable constraints to correct the condition.
	1. Included in this requirement are movements from:
	a. Trap discharge.
	b. Water hammer.
	c. Similar internal forces.

	2. Seismic Restraints:
	a. Provide seismic restraints on all piping with the exception of the following:
	1) Piping less than 1 IN DIA when used for gas and compressed air.
	2) Piping less than 2-1/2 IN DIA for all other cases.
	3) Piping suspended by individual hangers where the distance from the top of the pipe to the bottom of the support for the hanger is 12 IN or less.
	4) These restraints shall be capable of resisting seismic loads as defined in the International Building Code.



	B. Weld Supports:
	1. AWS D1.1.
	2. Weld anchors to pipe in accordance with ASME B31.3.

	C. Locate piping and pipe supports as to not interfere with open accesses, walkways, platforms, and with maintenance or disassembly of equipment.
	D. Inspect hangers for:
	1. Design offset.
	2. Adequacy of clearance for piping and supports in the hot and cold positions.
	3. Guides to permit movement without binding.
	4. Adequacy of anchors.

	E. Inspect hangers after erection of piping systems and prior to pipe testing and flushing.
	F. Install individual or continuous slot concrete inserts for use with hangers for piping and equipment.
	1. Install concrete inserts as concrete forms are installed.

	G. Welding:
	1. Welding rods:  ASTM and AWS standards.
	2. Integral attachments:
	a. Include welded-on ears, shoes, plates and angle clips.
	b. Ensure material for integral attachments is of good weldable quality.

	3. Preheating, welding and post-heat treating:  ASME B31.3, Chapter V.

	H. Field Painting:
	1. Comply with Section 09905.

	I. Modular Framing Systems:
	1. Install plastic caps on all strut ends in vertical or horizontal positions.
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	PIPE SUPPORT TRAY
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Hose and pipe support tray and associated fittings and supports for lime feed system.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 01 - General Requirements.
	2. Section 10400 - Identification Devices.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. NEMA FG 1-1998 – Non-Metallic Cable Tray Systems
	2. NEMA VE 2-2000 - Cable Tray Installation Guidelines


	1.03 DEFINITIONS
	A. Types of Tray:
	1. Ladder:  A prefabricated non-metallic structure consisting of two (2) longitudinal side rails connected by individual transverse members of rungs.
	2. Ventilated trough:  A prefabricated non-metallic structure consisting of two (2) longitudinal side rails and a ventilated bottom with clear openings no greater than 4 IN.
	3. Solid-bottom:  A prefabricated non-metallic structure consisting of two (2) longitudinal side rails and a bottom with no openings within the cable-bearing surface.
	4. Channel:  A prefabricated non-metallic structure consisting of a one-piece ventilated or solid bottom channel section not exceeding 6 IN in width.
	5. Single-rail:  A prefabricated non-metallic  structure consisting of one (1) longitudinal rail with transversely connected rungs that project from one (1) or both sides, which may be single- or multi-tier.


	1.04 SYSTEM DESCRIPTION
	A. Miscellaneous:
	1. Tray widths are indicated on the Drawings.
	2. Tray runs, where shown, are diagrammatic and intended to be used as a guide, unless otherwise indicated on the Drawings.
	a. Site conditions may affect actual routing.
	b. Contractor shall coordinate routing and measurement with other trades and with equipment suppliers to avoid interference with equipment, piping, ductwork, etc.



	1.05 SUBMITTALS
	A. Shop Drawings:
	1. See Division 01 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data.
	a. Provide submittal data for all products specified in PART 2 of this Specification Section.

	3. Fabrication and/or layout drawings:
	a. Routing, size and fittings.



	1.06 DELIVERY, STORAGE, AND HANDLING
	A. See Section 01610.
	1. Deliver cable tray systems and components carefully to avoid breakage, denting and scoring finishes.  Do not install damaged equipment.
	2. Store cable trays and accessories in original cartons and in clean dry space; protect from weather and construction traffic.  Wet materials should be unpacked and dried before storage.



	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Nonmetallic tray systems:
	a. Enduro Composites, Inc.
	b. Cope.
	c. Cooper B-Line


	B. Submit request for substitution in accordance with Division 01.

	2.02 COMPONENTS
	A. Ladder Tray:
	1. Materials:
	a. Side rails, rungs and slice plates: Glass fiber reinforced polyester or vinyl ester resin. Resin systems shall be flame retardant, conforming to ASTM E84, Class 1 flame rating and self-extinguishing per ASTM E84 or UL 94. Provide non-metallic hardw...

	2. Fabrication:
	a. Standard:
	1) Non-metallic:  NEMA FG-1.

	b. Side rails:
	1) I-beam or channel.
	2) Flange in or out (full width top opening).
	3) Useable clear nominal loading depth:   4 IN.

	c. Transverse elements:  Solid bar, tube, or channel with stiffened flanges.
	d. Useable clear nominal loading width:  As indicated on the Drawings
	e. Maximum centerline rung spacing on straight sections:  9 IN.


	B. Fittings:
	1. Radius of bends:  As required for hose layout in tray.
	2. Degrees of arc for elbows:  As required for cable tray layout.


	2.03 Accessories
	A. Accessories to be the same material as the tray or other compatible material.
	B. Support system:
	1. Material: fiber reinforced polyester to match trays.
	2. See PART 3 of this Specification Section for material type.



	Part 3: EXECUTION
	3.01 INSTALLATION
	A. Install products in accordance with the manufacturer's instructions unless otherwise indicated on the Drawings.
	B. Install tray, fittings and accessories, as required, for a complete system that has a neat appearance and is in compliance with all applicable codes.
	C. Install cable tray systems as close as practical to the locations and elevations shown on the Drawings.
	1. Minor changes (12 IN or less) in location or elevation may be made to avoid interference with piping, ductwork and equipment.
	2. Obtain Engineer's approval prior to making major changes (greater than 12 IN) in location or elevation.
	3. When tray is located adjacent to, beneath or near large piping or major equipment, or terminates at equipment; do not install cable tray until the installation of such piping and equipment is complete.
	4. Insure openings are provided in walls that tray will penetrate.

	D. Tray Supports:
	1. Provide supports at required locations to provide the loading capacity as indicated herein.
	2. Cantilever bracket type when cable tray is installed adjacent to a wall.
	3. Channel type supports with bases when floor mounted.
	4. For vertical runs in excess of 20 FT support the tray by angles bolted through the side rails and suspended from hanger rod, which is connected to a cantilevered support.
	5. In seismic locations provide required supports and/or sway bracing per local Building Codes.

	E. Whenever cable tray system spans a structural expansion joint provide one (1) of the following:
	1. Expansion connector allowing a minimum of 1 IN straight-line movement of sections.
	2. A 2 IN discontinuity (gap) in the cable tray to allow horizontal and vertical movement.


	3.02 FIELD QUALITY CONTROL
	A. Remove trash and accumulated dirt from the entire tray system at the completion of the project and install covers where applicable.



	15100
	VALVES:  BASIC REQUIREMENTS
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Valves, actuators, and valve appurtenances.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 - General Requirements.
	3. Section 09905 - Painting and Protective Coatings.
	4. Section 11005 - Equipment:  Basic Requirements.
	5. Section 15060 - Pipe and Pipe Fittings:  Basic Requirements.

	C. Contractor shall utilize the Valve Schedule at the end of this Section, in addition to the Drawings and Specifications, to determine the work of the project.

	1.02 QUALITY ASSURANCE
	1. American Society of Mechanical Engineers (ASME):
	a. B1.20.1, Pipe Threads, General Purpose.
	b. B16.1,Grayt Iron Pipe Flanges and Flanged Fittings (Classes 25, 125, and 250).
	c. B16.18, Cast Copper Alloy Solder Joint Pressure Fittings.

	2. ASTM International (ASTM):
	a. A126, Standard Specification for Gray Iron Castings for Valves, Flanges, and Pipe Fittings.
	b. D256, Standard Test Methods for Determining the Izod Pendulum Impact Resistance of Plastics.
	c. D638, Standard Test Method for Tensile Properties of Plastics.
	d. D648, Standard Test Method for Deflection Temperature of Plastics Under Flexural Load in the Edgewise Position.
	e. D695, Standard Test Method for Compressive Properties of Rigid Plastics.
	f. D2240, Standard Test Method for Rubber Property-Durometer Hardness.

	3. American Water Works Association (AWWA):
	a. C207, Standard for Steel Pipe Flanges for Waterworks Service - Sizes 4 IN through 144 IN.
	b. C500, Standard for Metal-Seated Gate Valves for Water Supply Service.
	c. C504, Standard for Rubber-Seated Butterfly Valves.
	d. C507, Standard for Ball Valves, 6 IN through 48 IN (150 MM through 1200 MM).
	e. C509, Standard for Resilient-Seated Gate Valves  for Water Supply Service.
	f. C550, Standard for Protective Coatings for Valves and Hydrants.
	g. C606, Standard for Grooved and Shouldered Joints.

	4. American Water Works Association/American National Standards Institute (AWWA/ANSI):
	a. C111/A21.11, Standard for Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings.

	5. National Electrical Manufacturers Association (NEMA):
	a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).
	b. MG 1, Motors and Generators.


	1.03 DEFINITIONS
	A. The following are definitions of abbreviations used in this Specification Section or one (1) of the individual valve sections:
	1. CWP:  Cold water working pressure.
	2. SWP:  Steam working pressure.
	3. WOG:  Water, oil, gas working pressure.
	4. WWP:  Water working pressure.


	1.04 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01340 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Valve pressure and temperature rating.
	d. Valve material of construction.
	e. Special linings.
	f. Valve dimensions and weight.
	g. Valve flow coefficient.
	h. Wiring and control diagrams for electric or cylinder actuators.

	3. Test reports.

	B. Operation and Maintenance Manuals:
	1. See Specification Section 01782 for requirements for:
	a. The mechanics and administration of the submittal process.
	b. The content of Operation and Maintenance Manuals.


	C. Miscellaneous Submittals:
	1. Verification from valve actuator manufacturer that actuators have been installed properly, that all limit switches and position potentiometers have been properly adjusted, and that the valve actuator responds correctly to the valve position command.



	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, refer to individual valve Specification Sections for acceptable manufacturers.

	2.02 MATERIALS
	A. Refer to individual valve Specification Sections.

	2.03 VALVE ACTUATORS
	A. Valve Actuators - General:
	1. Provide actuators as shown on Drawings or specified.
	2. Counter clockwise opening as viewed from the top.
	3. Direction of opening and the word OPEN to be cast in handwheel or valve bonnet.
	4. Size actuator to produce required torque with a maximum pull of 80 LB at the maximum pressure rating of the valve provided and withstand without damage a pull of 200 LB on handwheel or chainwheel or 300 foot-pounds torque on the operating nut.
	5. Unless otherwise specified, actuators for valves to be buried, submerged or installed in vaults or manholes shall be sealed to withstand at least 20 FT of submergence.
	6. Extension stem:
	a. Install where shown or specified.
	b. Solid steel with actuator key and nut, diameter not less than stem of valve actuator shaft.
	c. Pin all stem connections.
	d. Center in valve box or grating opening band with guide bushing.


	B. Buried Valve Actuators:
	1. Provide screw or slide type adjustable cast iron valve box, 5 IN minimum diameter, 3/16 IN minimum thickness, and identifying cast iron cover rated for traffic load.
	2. Box base to enclose buried valve gear box or bonnet.
	3. Provide 2 IN standard actuator nuts complying with AWWA C500, Section 3.16.
	4. Provide at least two (2) tee handle keys for actuator nuts, with 5 FT extension between key and handle.
	5. Extension stem:
	a. Provide for buried valves greater than 4 FT below finish grade.
	b. Extend to within 6 IN of finish grade.

	6. Provide concrete pad encasement of valve box as shown for all buried valves unless shown otherwise.

	C. Plastic Valve Vault:
	1. Provide in non-traffic areas only on valve applications 3-1/2 IN and less.
	2. Nominal 7-1/2 IN DIA top section.
	3. Design unit for screw type extension section having nominal 9 IN DIA bell.
	4. Cast iron ring and lid.
	5. Constructed of injection molded polyolefin compound with fibrous inorganic component reinforcing and UV stabilization.
	6. Armor Access Boxes.

	D. Exposed Valve Manual Actuators:
	1. Provide for all exposed valves not having electric or cylinder actuators.
	2. Provide handwheels for gate and globe valves.
	a. Size handwheels for valves in accordance with AWWA C500.

	3. Provide lever actuators for plug valves, butterfly valves and ball valves 3 IN DIA and smaller.
	a. Lever actuators for butterfly valves shall have a minimum of 5 intermediate lock positions between full open and full close.
	b. Provide at least two (2) levers for each type and size of valve furnished.

	4. Gear actuators required for plug valves, butterfly valves, and ball valves 4 IN DIA and larger.
	5. Provide gearing for gate valves 20 IN and larger in accordance with AWWA C500.
	6. Gear actuators to be totally enclosed, permanently lubricated and with sealed bearings.
	7. Provide chain actuators for valves 6 FT or higher from finish floor to valve centerline.
	a. Cadmium-plated chain looped to within 3 FT of finish floor.
	b. Equip chain wheels with chain guides to permit rapid operation with reasonable side pull without "gagging" the wheel.

	8. Provide cast iron floor stands where shown on Drawings.
	a. Stands to be furnished by valve manufacturer with actuator.
	b. Stands or actuator to include thrust bearings for valve operation and weight of accessories.


	E. Submerged Actuators:
	1. Mount the valve actuator on top of an extension bonnet 3 FT above any adjacent personnel access.
	2. The valve and bonnet connection shall be flanged and watertight.
	3. Provide a top brace support for the bonnet.
	a. Mount the brace 6 IN below the top of the wall as shown.

	4. Materials:
	a. Extension bonnet:  Cast iron ASTM A126 or steel.
	b. Brace and anchor bolts:  Type 304 stainless steel.


	F. Electric Actuators (480 V, 3 PH):
	1. Provide electric valve actuators a local or remote (See Valve Schedule) control station.
	2. Furnish electric actuator integral with valve consisting of:
	a. Motor.
	b. Gearing.
	c. Handwheel.
	d. Limit and torque switches.
	e. Lubricants.
	f. Heating elements.
	g. Wiring.
	h. Terminals for motor power and controls.
	i. Drive nut.

	3. Housing/enclosure:
	a. Provide cast iron gear housing and cast iron load bearing enclosure.
	b. Non load bearing enclosure and housing:  Aluminum or cast iron.
	c. Rated for area classification shown on Drawings or shown on the Valve Schedule.
	d. Provide O-ring seals for covers and entries.
	e. Terminal and limit switch compartment covers are to be fastened to gear housing by stainless steel fasteners with capture device to prevent loss.

	4. Motors:
	a. Provide motors that are totally enclosed, high torque design made expressly for valve actuator service and capable of operating the valve under full differential pressure for complete open-close and reverse cycle of travel at least twice in immedia...
	b. Design motors in accordance with NEMA MG 1 standards, with Class B insulation, and to operate successfully at any voltage within 10 percent above or below rated voltage.
	c. Provide positive method to ensure motor bearings are permanently lubricated.
	d. Provide three (3) thermal switches imbedded in windings:
	1) 120 degrees apart.
	2) Provide motor shutdown at high temperature.

	e. Motor housing:
	1) Aluminum or cast iron.
	2) Totally enclosed non-ventilated with cooling fins.

	f. Provide motor capable of operating in any position.
	g. Provide motor sealed from gearcase to allow any mounting position.
	h. Provide motors suitable for 480 V, 3 PH, 60 Hz.

	5. Gearing:
	a. Provide power gearing consisting of heat treated steel helical gears, carburized and hardened alloy steel worm, and alloy bronze worm gear, all grease or oil bath lubricated, designed for 100 percent overload, and effectively sealed against entranc...
	b. Provide gearing mechanism constructed to permit field changes of reduction gear ratio.
	c. Design actuators so that motor comes up to speed before stem load is encountered in either opening or closing operation.
	d. Limit switch gearings and feedback device reduction gearing:
	1) Steel or bronze.

	e. Support rotating shafts with anti-friction bearings.
	f. Provide separate drive nut/thrust bearing assembly:
	1) Mounted to base of actuator.
	2) High tensile bronze.
	3) Quarter turn actuator:  Provide 90 degree mounting intervals.
	4) Provide grease fitting on drive assembly.


	6. Handwheel:
	a. Permanently attached for manual operation.
	b. Positive declutch mechanism to engage and disengage handwheel.
	c. Handwheel shall not rotate during motor operation.
	d. Inoperable motor shall not prevent manual operation.

	7. Limit torque and thrust loads in both closing and opening directions by torque limit switches.
	a. Provide torque switches with micrometer adjustment and reference setting indicator.
	1) Assure adjustment variation of approximately 40 percent in torque setting.

	b. Provide switches having rating of not less than 6 A at 120 Vac and 2.2 A at 115 Vdc.
	c. Limit and torque switches shall have totally sealed contacts.

	8. Furnish electric actuator with two (2) geared limit switch assemblies with each switch assembly having four (4) separate limit switches:
	a. Assure each limit switch assembly is geared to driving mechanism and is independently adjustable to trip at any point at and between the fully open and fully closed valve position.
	b. Provide minimum of two (2) normally open contacts and two (2) normally closed contacts at each end of valve travel.
	c. Provide switches with inductive contact rating of not less than 6 A at 120 Vac, 3 A at 240 Vac, 1.5 A at 480 Vac, 2.2 A at 115 Vdc and 1.1 A at 230 Vdc.
	d. Limit switches shall be fully adjustable when power is applied to actuator.

	9. Provide space heating elements sized to prevent condensation in both motor and geared limit switch compartment(s).
	a. Furnish heating elements rated at 120 Vac with heaters continuously energized.

	10. Open-close actuator controls:
	a. Provide control assembly with necessary holding relays, reversing starter, control transformers of sufficient capacity to provide control power, space heating element power and valve position transmitter.
	b. Provide control assembly in an enclosure rated for the defined area classification.
	c. Controls for open/close actuator:
	1) Provide remote pushbutton station with enclosure rated for area classification shown on Drawings with:
	a) Open pushbutton.
	b) Close pushbutton.
	c) Stop pushbutton.
	d) Remote/local switch.
	e) Full open light.
	f) Full close light.
	g) Open and close relays as required.

	2) Provide control enclosure to accept:
	a) Remote open/close switches.

	3) Provide contacts in control enclosure:
	a) Remote/local contact.
	b) Full open contact.
	c) Full close contact.

	4) Wire all components to an internal terminal strip and include mounted wiring diagram inside enclosure.


	11. Additional requirements for modulating valve actuators:
	a. Suitable for continuous duty.
	b. Proportional position servo-amplifier mounted integral with the actuator control compartment.
	c. Positioning of valve shall be proportional to a 4-20 mA signal input to the position servo-amplifier when remote control has been selected.
	d. Servo-amplifier adjustments shall include zero, span, gain, and dead-band.
	e. Provide 4-20 mA signal position control as shown on the Drawings that interfaces with the position control/position feedback instrumentation wiring to and from RIO or PLC as shown on the Drawings.

	12. Manufacturers:
	a. Rotork Series IQ
	b. EIM Series 2000 or TEC 2000
	c. Limitorque Model L120 or MX
	d. Equal models by Auma


	G. Electric Actuators (120V, 1 PH):
	1. Furnish electric actuator integral with valve consisting of:
	a. Motor.
	b. Gearing.
	c. Limit and torque switches.
	d. Wiring.

	2. Housing/enclosure:
	a. Provide plastic housing.
	b. Rated for area classification shown on Drawings or shown on the Valve Schedule.
	c. Provide O-ring seals for covers and entries.

	3. Motors:
	a. Provide direct current motors that are totally enclosed, high torque design made expressly for valve actuator service and capable of operating the valve under full differential pressure for complete open-close and reverse cycle of travel at least t...
	b. Provide motor capable of operating in any position.
	c. Provide motors suitable for 120 V, 1 PH, 60 Hz.

	4. Furnish two limit switches to indicate valve full open and closed position.
	5. Provide optical position indicator and integrated emergency override shaft for manual valve operation. Provide spring type terminal wiring block.
	6. Manufacturers:
	a. George Fisher EA 21
	b. Approved equal



	2.04 FABRICATION
	A. End Connections:
	1. Provide the type of end connections for valves as required in the Piping Schedules presented in Specification Section 15060 or as shown on the Drawings.
	2. Comply with the following standards:
	a. Threaded:  ASME B1.20.1.
	b. Flanged:  ASME B16.1 Class 125 unless otherwise noted or AWWA C207.
	c. Bell and spigot or mechanical (gland) type:  AWWA/ANSI C111/A21.11.
	d. Soldered:  ASME B16.18.
	e. Grooved:  Rigid joints per Table 5 of AWWA C606.


	B. Refer to individual valve Specification Sections for specifications of each type of valve used on Project.
	C. Nuts, Bolts, and Washers:
	1. Wetted or internal to be bronze or stainless steel.
	2. Exposed to be Type 316 stainless steel.

	D. On Insulated Piping:  Provide valves with extended stems to permit proper insulation application without interference from handle.
	E. Epoxy Interior Coating:  Provide epoxy interior coating for all ferrous surfaces in accordance with AWWA C550.


	Part 3: EXECUTION
	3.01 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	B. Painting Requirements:  Comply with Specification Section 09905 for painting and protective coatings.
	C. Setting Buried Valves:
	1. Locate valves installed in pipe trenches where buried pipe indicated on Drawings.
	2. Set valves and valve boxes plumb.
	3. Place valve boxes directly over valves with top of box being brought to surface of finished grade.
	4. Install in closed position.
	5. Place valve on firm footing in trench to prevent settling and excessive strain on connection to pipe.
	6. After installation, backfill up to top of box for a minimum distance of 4 FT on each side of box.

	D. Support exposed valves and piping adjacent to valves independently to eliminate pipe loads being transferred to valve and valve loads being transferred to the piping.
	E. For grooved coupling valves, install rigid type couplings or provide separate support to prevent rotation of valve from installed position.
	F. Install electric or cylinder actuators above or horizontally adjacent to valve and gear box to optimize access to controls and external handwheel.
	G. For threaded valves, provide union on one (1) side within 2 FT of valve to allow valve removal.
	H. Install valves accessible for operation, inspection, and maintenance.

	3.02 ADJUSTING
	A. Adjust valves, actuators and appurtenant equipment to comply with Specification Section 01650.
	1. Operate valve, open and close at system pressures.

	B. For all 120 VAC and 480 VAC electric actuators, employ and pay for services of valve actuator manufacturer's field service representative to:
	1. Inspect valve actuators covered by this Specification Section.
	2. Supervise adjustments and installation checks:
	a. Open and close valves electrically under local manual and demonstrate that all limit switches are properly adjusted and that switch contacts are functioning properly by verifying the inputs are received at the remote input/output (RIO) panels or lo...
	b. Position modulating valves electrically under local manual control and demonstrate that the valve position feedback potentiometer is properly adjusted and that the feedback signal is received at the RIO panels or local control panel as appropriate.
	c. Simulate a valve position command signal at the RIO panel or local control panel as appropriate and demonstrate that the valve is controlled to the desired position without excessive hunting.

	3. Provide Owner with a written statement that the valve actuator manufacturer has verified that the actuators have been installed properly, that all limit switches and position potentiometers have been properly adjusted and that the valve actuator re...


	3.3 Valve Schedule


	15102
	PLUG VALVES
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Plug valves.

	B. Related Sections include but are not necessarily limited to:
	1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 01 - General Requirements.
	3. Section 15100 - Valves:  Basic Requirements.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Society of Mechanical Engineers (ASME):
	a. B16.1, Gray Iron Pipe Flanges and Flanged Fittings (Classes 25, 125, and 250).

	2. ASTM International (ASTM):
	a. A126, Standard Specification for Gray Iron Castings for Valves, Flanges and Pipe Fittings.
	b. A536, Standard Specification for Ductile Iron Castings.
	c. D2240, Standard Test Method for Rubber Property-Durometer Hardness.

	3. American Water Works Association (AWWA):
	a. C504, Standard for Rubber-Seated Butterfly Valves.



	1.03 SUBMITTALS
	A. Shop Drawings:
	1. See Section 01340 for requirements for the mechanics and administration of the submittal process.
	2. See Section 15100.

	B. Operation and Maintenance Manuals:
	1. See Section 01340 for requirements for:
	a. The mechanics and administration of the submittal process.
	b. The content of Operation and Maintenance Manuals.

	2. See Section 15100.



	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the manufacturers listed under the specific valve types are acceptable.
	B. Submit request for substitution in accordance with Specification Section 01640.

	2.02 NON-LUBRICATED ECCENTRIC PLUG VALVES (SEWAGE, SLUDGE, SEWAGE GAS APPLICATIONS)
	A. Acceptable Manufacturer:
	1. DeZurik.
	2. Millikin.
	3. ValMatic.
	4. GA Industries.
	5. Pratt.

	B. Materials:
	1. Body:  Cast-iron ASTM A126, Class B or ductile iron, ASTM A536 65-45-12.
	2. Plug:  One-piece construction ductile iron, ASTM A536 65-45-12 or cast iron, ASTM A126 Class B.
	3. Plug facing:  Grease and/or petroleum-resistant resilient Neoprene or Buna-N compound, 70 Type A durometer hardness per ASTM D2240.
	4. Shaft bearing bushings:  Permanently lubricated TFE or Delrin sleeve type stainless steel or bronze.
	5. Valve seats:  Welded-in overlay of 90 percent nickel, minimum Brinell hardness of 200, (minimum 1/8 IN thick).
	6. Stem seal:  Nitrile butadiene packing or Buna-N dual U-cups or bronze cartridge double O-rings with lower grit seal O-ring per AWWA C504, Section 3.7.


	2.03 LUBRICATED SEAL PLUG VALVES (NATURAL GAS APPLICATIONS)
	A. Acceptable Manufacturers:
	1. Nordstrom.
	2. Walworth.
	3. Millikin.

	B. Materials:
	1. Body:  Cast iron ASTM A126, Class B.
	2. Plug:  Cast iron ASTM A126, Class B.
	3. Plug facing:  Teflon on tapered plug.
	4. Valve seats:  Gas-resistant lubricant/sealant.


	2.04 NON-LUBRICATED ECCENTRIC PLUG (HEATING-COOLING WATER APPLICATIONS)
	A. Acceptable Manufacturers:
	1. DeZurik Figure 499.
	2. Millikin Series 603.

	B. Materials:
	1. Body:  Cast iron, ASTM A126, Class B.
	2. Plug:  Bronze or nickel-plated cast iron.
	3. Bearings:  Bronze or nickel.
	4. Plug seal:  Isobutene-isoprene (250 DegF).


	2.05 ACCESSORIES
	A. Refer to Drawings and valve schedule for type of actuator.
	1. Furnish actuator integral with valve.

	B. Refer to Section 15100 for actuator requirements.

	2.06 DESIGN REQUIREMENTS
	A. Non-Lubricated Eccentric Plug Valves (Wastewater, Sludge):
	1. Port area:
	a. Valves 4 IN through 20 IN:  Equal to or exceed 80 percent of full pipe area.
	b. Valves greater than 20 IN:  100 percent equivalent full pipe area.

	2. Valve body:  Fitted with bolted bonnet.
	3. End connections:  See Section 15100.
	4. Stem seal:  Adjustable and replaceable without disassembling valve or bonnet.
	5. Designed for seating drip tight in any flow direction.
	6. Rating:
	a. 1/2 through 12 IN, 175 psi working pressure.
	b. 14 through 36 IN, 150 psi working pressure.
	c. Three-way valves, 125 psi working pressure.

	7. Actuator:
	a. Actuator gearing in enclosure suitable for running in oil with seals on shaft to prevent entry of dirt or water.
	b. Positive identification on actuator indicating valve position.
	c. Adjustable stop to set closing torque.


	B. Lubricated Plug Valves (Natural Gas):
	1. Pressure lubricated valve with sealed ports and grooves.
	a. Re-seatable under full pressure in any position.

	2. Pressure rating:  200 psi WOG.
	3. Port area:  Minimum 60 percent of pipe area.
	4. Acceptable to local gas company.

	C. Non-Lubricated Eccentric Plug Valve-(HVAC):
	1. Port area:  Valves 1/2 IN through 2-1/2 IN:  Equal to or exceed 100 percent of full pipe area.
	2. Valve body:  Fitted with threaded bonnet or bolted bonnet.
	3. End connections:
	a. Flanges:  In full accordance with ASME B16.1, Class 125 including facing, drilling and thickness.
	b. Threaded connection:  In full compliance with NPT.

	4. Stem seal:  Self-adjusting U-cups or multiple O-ring seals.
	5. Shut-off:  Designed for setting drip-tight at the full rated pressure.


	2.07 FABRICATION
	A. See Section 15100.


	Part 3: EXECUTION
	3.01 INSTALLATION
	A. See Section 15100.
	B. Install valves with valve stem horizontal, plug seat on inlet side and with plug rotating up into the open position for valves in horizontal lines.
	C. Install valve with actuator above pipe or plug centerline.



	15104
	BALL VALVES
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Ball valves.

	B. Related Sections include but are not necessarily limited to:
	1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 - General Requirements.
	3. Section 15100 - Valves:  Basic Requirements.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. A48, Standard Specification for Gray Iron Castings.
	b. A126, Standard Specification for Gray Iron Castings for Valves, Flanges, and Pipe Fittings.
	c. D1784, Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds.

	2. American Water Works Association (AWWA):
	a. C507, Standard for Ball Valves, 6 IN through 48 IN.

	3. Federal Specification (FS):
	a. WW-V-35C, Valve, Ball.

	4. Manufacturers Standardization Society of the Valve and Fittings Industry Inc. (MSS):
	a. SP-72, Ball Valves with Flanged or Butt-Welding Ends for General Service.
	b. SP-110, Ball Valves; Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends.



	1.03 SUBMITTALS
	A. Shop Drawings:
	1. See Section 01330 for requirements for the mechanics and administration of the submittal process.
	2. See Section 15100.
	3. Test results for AWWA valves.

	B. Operation and Maintenance Manuals:
	1. See Section 01782 for requirements for:
	a. The mechanics and administration of the submittal process.
	b. The content of Operation and Maintenance Manuals.




	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the manufacturers listed in the applicable Articles below are acceptable.
	B. Submit request for substitution in accordance with Specification Section 01630.

	2.02 METALLIC BALL VALVES 1/4 TO 3 IN DIA
	A. Comply with MSS SP-72 or MSS SP-110.
	B. Acceptable Manufacturers:
	1. Apollo.
	2. Jamesbury.
	3. Watts.
	4. Stockham.
	5. Nibco.

	C. Materials:
	1. Body:  Bronze.
	2. Stem, stem gland nut:  Brass.
	3. Ball:  Brass, chrome plated.
	4. Seats, stuffing box ring, and thrust washer:  Reinforced Teflon.
	5. Handle:  Vinyl coated or zinc- or cadmium-plated steel.

	D. Design Requirements:
	1. Rated for 400 psi and 250 DegF, WOG for threaded end applications and 285 psi WOG and 150 psi saturated steam service for flanged end applications.
	2. Handles showing direction of opening.
	3. Stuffing boxes capable of being repacked under pressure and adjustable for wear.
	4. Stem with reinforced Teflon stuffing box ring and blowout-proof design.
	5. Renewable reinforced Teflon seats.
	6. Ball design which does not allow media contact with stem.
	7. Balancing stop for all applications.
	8. Bodies with mounting pad for applications requiring actuators.


	2.03 PLASTIC BALL VALVES:  1/2 IN TO 4 IN DIA
	A. Acceptable Manufacturers:
	1. Chemtrol.
	2. Spears.
	3. ASAHI/America.
	4. George Fisher.

	B. Materials:
	1. Body, stem, ball, handle, end connectors:
	a. PVC ASTM D1784-12454B or CPVC ASTM D1784-23477-B (material to match connecting piping).

	2. Ball Seat:
	a. Sodium hydroxide service: EPDM
	b. All other services: Viton

	3. O-rings:
	a. Sodium hydroxide service: EPDM
	b. All other services: Viton


	C. Design Requirements:
	1. Rated at 150 psi at 75 DegF.
	2. Double or "true union" design.
	3. Blocks both directions, upstream and downstream.
	4. Union nut capable of compensating for seat wear.
	5. Body with mounting pad for actuators where required.
	6. Capable of being disconnected at downstream end under full line pressure.
	7. For aqueous ammonia system, provide vented type valves to prevent accumulation of gases within the valve.


	2.04 ACCESSORIES
	A. Refer to Drawings and valve schedule for type of actuators.
	1. Furnish actuator integral with valve.

	B. Refer to Section 15100 for actuator requirements.


	Part 3: EXECUTION
	3.01 INSTALLATION
	A. See Section 15100.



	15106
	CHECK VALVES
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Check valves.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 - General Requirements.
	3. Section 15100 - Valves:  Basic Requirements.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Society of Mechanical Engineers (ASME):
	a. B16.1, Gray Iron Pipe Flanges and Flanged Fittings (Classes 25, 125, and 250).

	2. American Water Works Association (AWWA):
	a. C508, Standard for Swing-Check Valves for Waterworks Service, 2 IN through 24 IN NPS.

	3. Manufacturers Standardization Society of the Valve and Fittings Industry Inc. (MSS):
	a. SP-71, Cast Iron Swing Check Valves, Flanged and Threaded Ends.
	b. SP-80, Bronze Gate, Globe, Angle and Check Valves.



	1.03 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01330 for requirements for the mechanics and administration of the submittal process.
	2. See Specification Section 15100.

	B. Operation and Maintenance Manuals:
	1. See Specification Section 01782 for requirements for:
	a. The mechanics and administration of the submittal process.
	b. The content of Operation and Maintenance Manuals.




	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, manufacturers listed under the valve with types are acceptable.
	B. Submit request for substitution in accordance with Specification Section 01630.

	2.02 METAL BODY CHECK VALVES:  2.5 IN AND SMALLER
	A. Class 125 Bronze Swing Check Valves (Fuel Oil, Compressed Air, Water, Wastewater):
	1. Comply with MSS SP-80.
	2. Acceptable manufacturers:
	a. Nibco T413-Y.
	b. Stockham B-319Y.

	3. Materials:
	a. Body, bonnet, disc:  Bronze.

	4. Design requirements:
	a. 125 psi steam to 406 DegF, 200 psi WOG.
	b. Horizontal swing, renewable disc.



	2.03 SWING CHECK VALVES:  3 IN TO 24 IN
	A. Swing Check Valves (Water, Wastewater, Sludge):
	1. Comply with AWWA C508.
	2. Acceptable manufacturers:
	a. Clow.
	b. Val-Matic.
	c. Golden Anderson.

	3. Materials:
	a. Body and cover:  Cast iron.
	b. Seat ring, hinge:  Bronze or stainless steel.
	c. Disc:
	1) 3 to 4 IN:  Bronze or cast iron with rubber face.
	2) 6 to 24 IN:  Cast iron with bronze face.
	3) 6 to 24 IN:  Cast iron with rubber face.

	d. Hinge shaft:  Stainless steel.
	e. Bearings, connecting hardware:  Bronze.

	4. Design requirements:
	a. 175 psi working pressure (3 to 12 IN).
	b. 150 psi working pressure (14 to 24 IN).
	c. Furnish with outside weight and lever or lever and spring.


	B. Class 125 Iron Check Valves (Steam to 125 psi, Fuel Oil):
	1. Comply with MSS SP-71.
	2. Acceptable manufacturers:
	a. Nibco F-918B.
	b. Stockham 373 1/2.

	3. Materials:
	a. Iron body, bronze mounted.
	b. Seat ring, disc face:  Bronze.
	c. Hinge pin:  Bronze or stainless steel.
	d. Connecting hardware:  Bronze or plated steel.

	4. Design requirements:
	a. 125 psi steam to 450 DegF, 200 psi WOG.
	b. Bolted cap.



	2.04 RUBBER FLAPPER CHECK VALVES
	A. Service: Lime slurry unloading station
	B. Class 125.
	C. Acceptable Manufacturers:
	1. Val-Matic Surgebuster
	2. Pratt RD Series
	3. Equal model by APCO
	4. Equal model by GA Industries

	D. Materials:
	1. Body and cover: ASTM A536 ductile iron
	2. Flapper: Buna-N, steel reinforced
	3. Cover bolts: Type 316 stainless steel

	E. Design
	1. Full body flow design.
	2. Full size top access port to allow disc removal without removing body from connecting piping.
	3. Fusion bonded epoxy coating, NSF 61 approved.
	4. Non-slam closing characteristics with 35 degree disc stroke.


	2.05 Plastic body swing check valves
	A. Acceptable manufacturers:
	1. Spears
	2. Chemtrol
	3. Approved equal

	B. Materials:
	1. Body:  CPVC or PVC to match connecting piping
	2. Disc:  CPVC or PVC to match body
	3. Disc:  O-ring Viton
	4. Hardware:  Type 316 stainless steel

	C. Design Requirements/Options:
	1. Outside weight and lever
	2. Pressure rating:
	a. 3/4 to 4IN: 150 psig
	b. 6IN: 100 psig
	c. 8 IN: 70 psig



	2.06 PLASTIC BODY BALL CHECK VALVES
	A. Acceptable Manufacturers:
	1. Chemtrol
	2. Spears
	3. George Fisher

	B. Materials:
	1. Body: PVC or CPVC to match connecting piping
	2. Ball: Glass filled polypropylene
	3. Seals:
	a. Sodium hydroxide: EPDM
	b. All other services: Viton


	C. Design Requirements
	1. 150 psig pressure rating.
	2. True union design with socket connectors.



	Part 3: EXECUTION
	3.01 INSTALLATION
	A. See Specification Section 15100.
	B. Install in accordance with manufacturer's instructions.



	15114
	MISCELLANEOUS VALVES
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Air release and vacuum relief valves.
	2. Pressure-reducing/regulating valves (2 IN and smaller).
	3. Compressed air filters.
	4. Solenoid valves.
	5. Pinch valves.
	6. Needle valves.
	7. Pressure/vacuum relief valves (aqueous ammonia)
	8. Diaphragm valves

	B. Related Sections include but are not necessarily limited to:
	1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 1 - General Requirements.
	3. Section 11005 - Equipment:  Basic Requirements.
	4. Section 15100 - Valves:  Basic Requirements.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Gas Association (AGA).
	2. American Society of Mechanical Engineers (ASME):
	a. B16.1, Gray Iron Pipe Flanges and Flanged Fittings (Classes 25, 125, and 250).

	3. American Water Works Association (AWWA):
	a. C512, Standard for Air-Release, Air-Vacuum, and Combination Air Valves for Waterworks Service.
	b. C550, Standard for Protective Interior Coatings for Valves and Hydrants.

	4. National Electrical Manufacturers Association (NEMA):
	a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).



	1.03 SUBMITTALS
	A. Shop Drawings:
	1. See Section 01340 for requirements for the mechanics and administration of the submittal process.
	2. See Section 15100.

	B. Operation and Maintenance Manuals:
	1. See Section 01782 for requirements for:
	a. The mechanics and administration of the submittal process.
	b. The content of Operation and Maintenance Manuals.




	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the manufacturers listed in the applicable Articles below are acceptable.
	B. Submit request for substitution in accordance with Specification Section 01630.

	2.02 AIR RELEASE AND VACUUM RELIEF VALVES
	A. General:  Conform to AWWA C512.
	B. Alternate 1:
	1. Water
	a. Air Release Valve:
	1) Acceptable manufacturers:
	a) APCO 200A (1 IN and larger); APCO 50 (1/2 and ¾ IN)
	b) GA Industries, Figure 920.
	c) Val-Matic.

	2) Materials:
	a) Body and cover:  Cast iron or semi-steel.
	b) Float:  Stainless steel.
	c) Linkage and trim:  Bronze or stainless steel.

	3) Design requirements:
	a) Inlet and orifice size:  As shown in the Valve Schedule or shown on the Drawings.
	b) Working pressure:  Equal to that or greater than that of connecting piping (See Section 15060).
	c) Provide isolation valve, type as shown on the Drawings.


	b. Air and Vacuum Valve:
	1) Acceptable manufacturers:
	a) APCO Series 1900.
	b) GA Industries, Figure 992.

	2) Materials:
	a) Body and cover:  Cast iron.
	b) Float:  Stainless steel.
	c) Seat: Buna-N.

	3) Design requirements:
	a) Inlet and orifice size:  As shown in the Valve Schedule or shown on the Drawings.
	b) Working pressure:  Equal to that or greater than that of connecting piping (See Section 15060).
	c) Venting capacity: See Valve Schedule.
	d) Provide isolation valve, type as shown on the Drawings.


	c. Combination Air Release and Vacuum Valve:
	1) Acceptable manufacturers:
	a) APCO Series 1500C.
	b) GA Industries, equal model.
	c) Val-Matic 1800 VB/38.

	2) Materials:
	a) Body and cover:  Cast iron.
	b) Float, linkage and hardware:  Stainless steel.
	c) Seat:  Buna-N.

	3) Design requirements:
	a) Inlet and orifice size:  As shown in the Valve Schedule or shown on the Drawings.
	b) Working pressure:  Equal to that or greater than that of connecting piping (See Section 15060).
	c) Venting capacity: See Valve Schedule.
	d) Provide isolation valve, type as shown on the Drawings.



	2. Wastewater:
	a. Air Release Valve:
	1) Acceptable manufacturers:
	a) GA Industries, Figure 925 or 927.
	b) APCO S-400.
	c) Val-Matic.

	2) Materials:
	a) Body and cover:  Cast iron or semi-steel.
	b) Float and linkage:  Stainless steel.
	c) Seat:  Viton or Buna-N.

	3) Design requirements:
	a) Inlet and orifice size:  As shown in the Valve Schedule or shown on the Drawings.
	b) Working pressure:  Equal to that or greater than that of connecting piping (See Section 15060).
	c) Venting capacity: See Valve Schedule.
	d) Provide isolation valve, type as shown on the Drawings.
	e) Flush accessories:
	(1) Inlet shut-off valve.
	(2) Blow-off valve.
	(3) Clear water inlet valve.
	(4) Hose and quick disconnect coupling.



	b. Air and Vacuum Valve:
	1) Acceptable manufacturers:
	a) APCO Series S-401 or S-404.
	b) GA Industries, Figure 993.
	c) Val-Matic.

	2) Materials:
	a) Body and cover:  Cast iron.
	b) Float:  Stainless steel.
	c) Seat:  Buna-N.

	3) Design requirements:
	a) Inlet and orifice size:  As shown in the Valve Schedule or shown on the Drawings.
	b) Working pressure:  Equal to that or greater than that of connecting piping (See Section 15060).
	c) Venting capacity: See Valve Schedule.
	d) Provide isolation valve, type as shown on the Drawings.
	e) Flush accessories:
	(1) Blow-off valve.
	(2) Clean water inlet valve.
	(3) Hose and quick connect coupling.




	3. Combination Air Release and Vacuum Valve:
	a. Acceptable manufacturers:
	1) APCO S-440.
	2) GA Industries, Figure 942.
	3) Crispin USL20B.

	b. Materials:
	1) Body and cover:  Cast iron.
	2) Float:  Stainless steel.
	3) Seat:  Buna-N.

	c. Design requirements:
	a) Inlet and orifice size:  As shown in the Valve Schedule or shown on the Drawings.
	b) Working pressure:  Equal to that or greater than that of connecting piping (See Section 15060).
	c) Venting capacity: See Valve Schedule.
	d) Provide isolation valve, type as shown on the Drawings.
	2) Flush accessories:
	a) Blow off valve.
	b) Clear water inlet valve.
	c) Hose and quick connect coupling.




	C. Alternate 2:
	1. Water:
	a. Air Release and Vacuum Valve:
	1) Acceptable manufacturer:
	a) Vent-O-Mat RBXb Air Release and Vacuum Break Anti-shock air valve.

	2) Materials:
	a) Top and lower flange:  Mild steel, fusion bond epoxy coated.
	b) Barrel:  304 stainless steel.
	c) Floats:  High density polyethylene.
	d) Float seats and seals:  Nitrile or EPDM.
	e) Nozzle seat:  Natural rubber.
	f) All wetted internal metal parts:  304 stainless steel


	b. Design requirements:
	1) Inlet and orifice size:  As shown in the Valve Schedule or shown on the Drawings.
	2) Working pressure:  Equal to that or greater than that of connecting piping (See Section 15060).
	3) Venting capacity: See Valve Schedule.
	4) Provide isolation valve, type as shown on the Drawings.
	5) Provide control for slow release of air through valve to prevent valve slamming shut from excessive air or water velocity through the valve.
	6) End connection:
	a) 2 IN and smaller:  Threaded.
	b) 3 IN and larger:  Flanged.



	2. Wastewater:
	a. Air Release and Vacuum Valve:
	1) Acceptable manufacturers
	a) Vent-O-Mat RGXb Air Release and Vacuum Break Anti-shock air valve.

	2) Materials:
	a) Top and lower flange:  304 stainless steel.
	b) Barrel:  304 stainless steel.
	c) Floats:  High density polyethylene.
	d) Float seats and seals:  Nitrile or EPDM.
	e) Nozzle seat:  EPDM.
	f) All wetted internal metal parts:  304 stainless steel.
	g) Flange studs: 304L stainless steel.


	b. Design requirements:
	1) Inlet and orifice size:  As shown in the Valve Schedule or shown on the Drawings.
	2) Working pressure:  Equal to that or greater than that of connecting piping (See Section 15060).
	3) Venting capacity: See Valve Schedule.
	4) Provide isolation valve, type as shown on the Drawings.
	5) Provide control for slow release of air through valve to prevent valve slamming shut from excessive air or water velocity through the valve.
	6) End connection:
	a) 2 IN and smaller:  Threaded or flanged.
	b) 3 IN and larger:  Flanged.

	7) Provide isolation valve, type as shown.




	2.03 PRESSURE-REDUCING/regulating VALVES (2 IN AND SMALLER)
	A. Water Pressure Regulators:
	1. Acceptable manufacturers:
	a. Fisher, Type 75A.
	b. Watts Series 25AUB-Z3.

	2. Materials:
	a. Body:  Bronze.
	b. Strainer body:  Bronze.
	c. Strainer screen:  Stainless steel.

	3. Design requirements:
	a. Self-contained diaphragm operated.
	1) Spring loaded.
	2) Field adjustable.

	b. Strainer:  Y-type on supply.
	c. Size as shown on the Drawings.


	B. Air Pressure Regulators:
	1. Acceptable manufacturers:
	a. Ingersol Rand 3000 Series
	b. Equal model by Atlas Copco

	2. Materials:
	a. Body: Aluminum
	b. Diaphragm and regulator valve: nitrile and nylon

	3. Design requirements:
	a. Spring range: 0 to 140 psig
	b. Maximum inlet pressure: 250 psig



	2.04 Air Pressure Regulators:
	A. Acceptable manufacturers:
	1. Ingersol Rand F212I, GP
	2. Equal model by Atlas Copco

	B. Materials:
	1. Body: Manufacturer’s standard.

	C. Design requirements:
	1. General purpose filter with 1 micron particulate and oil vapor removal.
	2. Provide element replacement indicator and drain.


	2.05 SOLENOID VALVES (2 IN AND SMALLER)
	A. General Service (Air - Water):
	1. Acceptable manufacturers:
	a. ASCO.
	b. Burkert

	2. Materials:
	a. Body:  Brass.
	b. Seat:  Buna-N.
	c. Insulation:  Class F.

	3. Design requirements:
	a. 110 Vac.
	b. Two-way, normally closed.
	c. Enclosure:  Compatible with area classifications indicated on Drawings.
	d. Working pressure, air and water:  125 psig.

	4. Accessories:  Provide strainer on supply.


	2.06 pinch valve
	A. Acceptable manufacturers:
	1. Red Valve.
	2. Flexible Valve Corp.

	B. Materials:
	1. Body:  Cast iron.
	2. Sleeve: Neoprene.
	3. Stem: Stainless steel.
	4. Fasteners and opening tabs: Stainless steel.

	C. Design requirements:
	1. Sleeve
	a. Non-wetted, completely enclosed with bonnet.
	b. No packing.
	c. 100% full port design.
	d. Integral flange faces.

	2. Pinch Mechanism
	a. External position indicator.
	b. Grease fitting.

	3. Positive Opening Tabs
	a. Ensure that sleeve will not collapse under less than 2 psig internal pressure.



	2.07 needle valve
	A. Acceptable manufacturers:
	1. Parker.
	2. Approved equal.

	B. Materials:
	1. Body:  Steel.
	2. Seat: EPR.
	3. Needle style: standard 30 taper.
	4. Knob: Manufacturer’s standard.

	C. Design requirements:
	1. Coordinate end connections with piping shown on the Drawings.


	2.08 PRESSURE/VACUUM RELIEF VALVES (AQUEOUS AMMONIA SERVICE)
	A. Acceptable Manufacturers:
	1. Protectoseal
	2. Enardo

	B. Materials
	1. Body: Type 316 stainless steel
	2. Pallet: Type 316 stainless steel
	3. Pallet Diaphragm: FEP Film (Teflon)
	4. Weights: Type 316 stainless steel
	5. Gaskets: PTFE

	C. Design Requirements
	1. Designed specifically for use with ASME Code aqueous ammonia pressure tanks (bulk and day storage).
	2. Pressure relief range: 1.0 to 55.0 IN W.C.
	3. Vacuum relief range: 1.0 to 55.0 IN W.C.
	4. Set point accuracy of plus/minus 3 percent.
	5. Field replaceable pallet and seat assemblies.
	6. ANSI 150 lb flange.


	2.09 PLASTIC DIAPHRAGM VALVES
	A. Acceptable Manufacturers:
	1. Chemtrol
	2. George Fisher
	3. Approved equal

	B. Materials
	1. Body and bonnet: PVC
	2. Diaphragm:
	a. Sodium hydroxide service: EPDM
	b. All other chemical services: Viton


	C. Design Requirements
	1. True union with socket weld connections
	2. Handwheel operator


	2.10 FABRICATION
	A. Completely shop assemble unit including any interconnecting piping, speed control valves, control isolation valves and electrical components.
	B. Provide internal epoxy coating suitable for potable water for all iron body valves in accordance with AWWA C550.

	2.11 SOURCE QUALITY CONTROL
	A. Shop hydrostatically test to unit test pressure.

	2.12 MAINTENANCE MATERIALS
	A. Provide one set of any special tools or wrenches required for operation or maintenance for each type valve.


	Part 3: EXECUTION
	3.01 INSTALLATION
	A. General:  See Section 11005 and Section 15100.
	B. Air Release, Vacuum Relief, and Pressure Relief Valves:
	1. Pipe exhaust to a suitable disposal point.
	2. Where exhausted to a trapped floor drain, terminate exhaust line 6 IN minimum above floor.


	3.02 FIELD QUALITY CONTROL
	A. Clean, inspect, and operate valve to ensure all parts are operable and valve seats properly.
	B. Check and adjust valves and accessories in accordance with manufacturer's instructions and place into operation.
	C. For aqueous ammonia pressure/vacuum relief valves, provide services of manufacturer’s factory service representative to inspect installation of and adjust the pressure and vacuum relief setpoints of the valves.
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	PIPE, DUCT AND EQUIPMENT INSULATION
	Part 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Piping insulation.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 01 - General Requirements.


	1.02 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. C177, Standard Test Method for Steady-State Heat Flux Measurements and Thermal Transmission Properties by Means of Guarded-Hot-Plate Apparatus.
	b. C411, Standard Test Method for Hot-Surface Performance of High-Temperature Thermal Insulation.
	c. C423, Standard Test Method for Sound Absorption and Sound Absorption Coefficients by the Reverberation Room Method.
	d. C518, Standard Test Method for Steady-State Thermal Transmission Properties by Means of the Heat Flow Meter Apparatus.
	e. C553, Standard Specification for Mineral Fiber Blanket Thermal Insulation for Commercial and Industrial Applications.
	f. C665, Standard Specification for Mineral-Fiber Blanket Thermal Insulation for Light Frame Construction and Manufactured Housing.
	g. C1071, Standard Specification for Fibrous Glass Duct Lining Insulation (Thermal and Sound Absorbing Material).
	h. E84, Standard Test Method for Surface Burning Characteristics of Building Materials.
	i. E96, Standard Test Methods for Water Vapor Transmission of Materials.
	j. F25, Standard Test Method for Sizing and Counting Airborne Particulate Contamination in Cleanrooms and Other Dust-Controlled Areas.

	2. National Fire Protection Association (NFPA):
	a. 255, Standard Method of Test of Surface Burning Characteristics of Building Materials.

	3. Underwriters Laboratories, Inc. (UL):
	a. 723, Standard for Test for Surface Burning Characteristics of Building Materials.



	1.03 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Sections 01330 and 01340 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Submit complete specification of insulation materials, adhesives, cement, together with manufacturer's recommended methods of application and coverage for coatings and adhesives.

	3. Submit itemized schedule by building of proposed insulation systems showing density, thermal conductivity, thickness, adhesive, jackets and vapor barriers.
	4. Certifications:  Products will meet the requirements of the Contract Documents.



	Part 2: PRODUCTS
	2.01 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Fiberglass insulation:
	a. Certainteed Corporation.
	b. Schuller (Manville).
	c. Owens Corning.
	d. Knauf.


	B. Submit request for substitution in accordance with Specification Section 01640.

	2.02 PIPING INSULATION - FIBERGLASS
	A. Pipe and Fitting Insulation:
	1. Preformed fiberglass pipe insulation:
	a. Density:  4 LBS/CF.
	b. Temperature rated:  650 DegF.
	c. Average thermal conductivity not to exceed 0.22 (Btu-IN)/(HR-FTP2P-DegF) at mean temperature of 75 DegF.
	d. Fire hazard rating:
	1) UL 723, ASTM E84, NFPA 255.
	2) Flame spread not exceeding 25 and smoke developed not exceeding 100.


	2. Moisture adsorption:
	a. ASTM C553.
	b. Not greater than 0.5 percent moisture by volume when exposed to moisture laden air at 120 DegF and 96 percent RH.

	3. Fungi and bacteria resistance:
	a. ASTM C665.
	b. Does not breed or promote growth.
	c. Flame attenuated glass fibers bonded with thermosetting resin.

	4. Piping jackets (general applications):
	a. Aluminum:  16 mil embossed aluminum.

	5. Provide minimum insulation thickness conforming to schedules or as shown on the Drawings.



	Part 3: EXECUTION
	3.01 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	B. General:
	1. Piping below ground covered with earth will not be insulated except as noted on plans.
	2. Consider ductwork, piping and equipment as exposed, except as otherwise indicated.
	3. Consider ductwork, piping and equipment in walls, partitions, floors, pipe chases, pipe shafts and duct shafts as concealed.
	a. Consider ductwork, piping and equipment above ceilings as concealed.

	4. Provide release for insulation application after installation and testing is complete.
	a. Apply insulation on clean, dry surfaces after inspection.

	5. Provide insulation continuous through wall, roof and ceiling openings, pipe hangers, supports and sleeves.
	6. Provide insulation with vapor barrier for piping, ductwork and equipment where surfaces may be cooler than surrounding air temperatures.
	a. Provide vapor barrier (0.17 perm-IN; ASTM C553) continuous and unbroken.
	b. Hangers, supports, anchors, and related items that are secured directly to cold surfaces must be adequately insulated and vapor-sealed to prevent condensation.

	7. Apply specified adhesives, mastics and coatings at the manufacturer's recommended coverage per unit volume.

	C. Piping Insulation - Fiberglass:
	1. Apply over clean dry pipe.
	a. Butt all joints together firmly.

	2. Seal joints, slits, miter-cuts and other exposed edges of insulation as recommended by the insulation manufacturer.
	3. Insulate fittings, valves, and flanges with insulation thickness equal to adjacent pipe.
	4. Aluminum pipe jacket:
	a. Field-applied aluminum jacket with vapor-sealed longitudinal and butt joints.
	b. Provide smooth and straight joint with a minimum 2 IN overlap.
	c. Secure joints with corrosion-resistant screws spaced 0.25 to 0.50 IN back from edge.
	d. Center spacing of screws 5 IN maximum or as required to provide smooth tight-fitted joints.
	e. Place joints on least exposed side of piping to obtain neat appearance.



	3.02 REPAIR
	A. Whenever any factory applied insulation or job-applied insulation is removed or damaged, replace with the same quality of material and workmanship.

	3.03 SCHEDULES
	A. Pipe, Fittings and Valves:
	1. Fiberglass.
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	PROPELLER UNIT HEATERS
	Part 1: GENERAL
	1.01 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.02 SUMMARY
	A. This Section includes propeller unit heaters.

	1.03 SUBMITTALS
	A. Product Data:  Include specialties and accessories for each unit type and configuration.
	B. Field Test Reports:  Written reports of tests specified in Part 3 of this Section.
	C. Maintenance Data:  For propeller unit heaters to include in maintenance manuals specified in Division 01.  Include the following:
	1. Maintenance schedules and repair parts lists for motors, coils, integral controls, and filters.


	1.04 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.

	1.05 COORDINATION
	A. Coordinate layout and installation of propeller unit heaters and suspension system components with other construction that penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, fire-suppression-system components, an...


	Part 2: PRODUCTS
	2.01 MANUFACTURERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Airtherm Manufacturing Company.
	2. Carrier Corp.
	3. Dunham-Bush, Inc.
	4. Engineered Air.
	5. International Environmental Corp.
	6. McQuay International.
	7. Rosemex Products.
	8. Ruffneck Heaters, Starozik Industries Ltd.
	9. Trane Company (The); North American Commercial Group.
	10. U S A Coil & Air Inc.


	2.02 UNIT HEATERS
	A. Description:  An assembly including casing, coil, fan, and motor in vertical discharge configuration with radial louver diffuser in draw-through configuration.

	2.03 MATERIALS
	A. Casing:  Galvanized steel, with removable panels.
	B. Cabinet Finish:  Bonderize, phosphatize, and flow-coat with baked-on primer and manufacturer's standard paint applied to factory-assembled and -tested propeller unit heater before shipping.

	2.04 ELECTRIC-RESISTANCE HEATING ELEMENTS
	A. Nickel-chromium heating wire, free from expansion noise and 60-Hz hum, embedded in magnesium-oxide insulating refractory and sealed in high-mass steel or corrosion-resistant metallic sheath with fins no closer than 0.16 inch (4 mm).  Element ends s...
	1. Circuit Protection:  One-time fuses in terminal box for overcurrent protection and limit controls for overtemperature protection of heaters.
	2. Wiring Terminations:  Match conductor materials and sizes indicated.


	2.05 FAN
	A. Propeller with aluminum blades directly connected to motor.

	2.06 FAN MOTORS
	A. Motors, 1/2 HP and Smaller: shaded-pole or permanent-split capacitor, multispeed motor with integral thermal-overload protection.
	B. Motors, 3/4 HP and Larger:  Totally enclosed with permanently lubricated ball bearings.

	2.07 ACCESSORIES
	A. Vertical Configuration:  Louver cone diffuser.

	2.08 CONTROLS
	A. Control Devices:  Unit-mounted fan-speed switch and thermostat.

	2.09 SOURCE QUALITY CONTROL
	A. Test propeller unit heater coils according to ASHRAE 33.


	Part 3: EXECUTION
	3.01 EXAMINATION
	A. Examine areas to receive propeller unit heaters for compliance with requirements for installation tolerances and other conditions affecting performance.
	B. Examine roughing-in for electrical connections to verify actual locations before propeller unit heater installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.02 INSTALLATION
	A. Install propeller unit heaters level and plumb.
	B. Install propeller unit heaters to comply with NFPA 90A.
	C. Suspend propeller unit heaters from structure with rubber-in-shear vibration isolators (rubber hangers).  Vibration isolators are specified in division 15 Section “Vibration Controls for HVAC Equipment."

	3.03 CONNECTIONS
	A. Ground equipment.
	B. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.

	3.04 FIELD QUALITY CONTROL
	A. Testing:  Perform the following field quality-control testing and report results in writing:
	1. After electrical circuitry has been energized, start units to confirm proper motor rotation and unit operation.
	2. Operate electric heating elements through each stage to verify proper operation and electrical connections.
	3. Test and adjust controls and safeties.

	B. Repair or replace malfunctioning units.  Retest as specified above after repairs or replacements are made.

	3.05 CLEANING
	A. After installing units, inspect unit cabinet for damage to finish.  Remove paint splatters and other spots, dirt, and debris.  Repair damaged finish to match original finish.
	B. After installing units, clean propeller unit heaters internally according to manufacturer's written instructions.
	C. Install new filters in each propeller unit heater within 2 weeks after Substantial Completion.

	3.06 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain propeller unit heaters.
	1. Train Owner's maintenance personnel on procedures and schedules for starting and stopping, troubleshooting, servicing, and maintaining equipment.
	2. Review data in maintenance manuals.  Refer to Division 01.
	3. Schedule training with Owner, through Owners Representative, with at least 7 days' advance notice.
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	Part 1: GENERAL
	1.03 QUALITY ASSURANCE
	C. TAB Report Forms:  Use standard forms from AABC’s “National Standards for Testing and Balancing Heating, Ventilating, and Air Conditioning Systems” or NEBB’s “Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems,” as ...

	1.04 PROJECT CONDITIONS
	A. Partial Owner Occupancy:  Owner may occupy completed areas of building before Substantial Completion.  Cooperate with Owner during TAB operations to minimize conflicts with Owner’s operations.

	1.05 COORDINATION
	A. Coordinate the efforts of factory-authorized service representatives for systems and equipment, HVAC controls installers, and other mechanics to operate HVAC systems and equipment to support and assist TAB activities.
	B. Perform TAB after leakage and pressure tests on air and water distribution systems have been satisfactorily completed.

	1.06 WARRANTY
	A. National Project Performance Guarantee: If AABC, provide a guarantee on AABC’s “National Standards for Testing and Balancing Heating, Ventilating, and Air Conditioning Systems” forms stating that AABC will assist in completing requirements of the C...
	1. The certified TAB firm has tested and balanced systems according to the Contract Documents.
	2. Systems are balanced to optimum performance capabilities within design and installation limits.

	B. Special Guarantee: If NEBB, provide a guarantee on NEBB forms stating that NEBB will assist in completing requirements of the Contract Documents if TAB firm fails to comply with the Contract Documents.  Guarantee shall include the following provisi...
	1. The certified TAB firm has tested and balanced systems according to the Contract Documents.
	2. Systems are balanced to optimum performance capabilities within design and installation limits.



	Part 2: PRODUCTS (not applicable)
	Part 3: EXECUTION
	3.01 EXAMINATION
	A. Examine the Contract Documents to become familiar with Project requirements and to discover conditions in systems’ designs that may preclude proper TAB of systems and equipment.
	1. Verify that balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers, are required by the Contract Documents.  Verify that quantities and locations of these...

	B. Examine approved submittal data of HVAC systems and equipment.
	C. Examine Project Record Documents described in Division 01.
	D. Examine design data, including HVAC system descriptions, statements of design assumptions for environmental conditions and systems’ output, and statements of philosophies and assumptions about HVAC system and equipment controls.
	E. Examine equipment performance data including fan and pump curves.  Relate performance data to Project conditions and requirements, including system effects that can create undesired or unpredicted conditions that cause reduced capacities in all or ...
	F. Examine system and equipment installations to verify that they are complete and that testing, cleaning, adjusting, and commissioning specified in individual Sections have been performed.
	G. Examine system and equipment test reports.
	H. Examine HVAC system and equipment installations to verify that indicated balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers, are properly installed, a...
	I. Examine systems for functional deficiencies that cannot be corrected by adjusting and balancing.
	J. Examine HVAC equipment to ensure that clean filters have been installed, bearings are greased, belts are aligned and tight, and equipment with functioning controls is ready for operation.
	K. Examine terminal units, such as variable-air-volume boxes, to verify that they are accessible and their controls are connected and functioning.
	L. Examine plenum ceilings used for supply air to verify that they are airtight.  Verify that pipe penetrations and other holes are sealed.
	M. Examine strainers for clean screens and proper perforations.
	N. Examine three-way valves for proper installation for their intended function of diverting or mixing fluid flows.
	O. Examine heat-transfer coils for correct piping connections and for clean and straight fins.
	P. Examine system pumps to ensure absence of entrained air in the suction piping.
	Q. Examine equipment for installation and for properly operating safety interlocks and controls.
	R. Examine automatic temperature system components to verify the following:
	1. Dampers, valves, and other controlled devices are operated by the intended controller.
	2. Dampers and valves are in the position indicated by the controller.
	3. Integrity of valves and dampers for free and full operation and for tightness of fully closed and fully open positions.  This includes dampers in multizone units, mixing boxes, and variable-air-volume terminals.
	4. Automatic modulating and shutoff valves, including two-way valves and three-way mixing and diverting valves, are properly connected.
	5. Thermostats and humidistats are located to avoid adverse effects of sunlight, drafts, and cold walls.
	6. Sensors are located to sense only the intended conditions.
	7. Sequence of operation for control modes is according to the Contract Documents.
	8. Controller set points are set at indicated values.
	9. Interlocked systems are operating.
	10. Changeover from heating to cooling mode occurs according to indicated values.

	S. Report deficiencies discovered before and during performance of TAB procedures.  Observe and record system reactions to changes in conditions.  Record default set points if different from indicated values.

	3.02 PREPARATION
	A. Prepare a TAB plan that includes strategies and step-by-step procedures.
	B. Complete system readiness checks and prepare system readiness reports.  Verify the following:
	1. Permanent electrical power wiring is complete.
	2. Hydronic systems are filled, clean, and free of air.
	3. Automatic temperature-control systems are operational.
	4. Equipment and duct access doors are securely closed.
	5. Balance, smoke, and fire dampers are open.
	6. Isolating and balancing valves are open and control valves are operational.
	7. Ceilings are installed in critical areas where air-pattern adjustments are required and access to balancing devices is provided.
	8. Windows and doors can be closed so indicated conditions for system operations can be met.


	3.03 GENERAL PROCEDURES FOR TESTING AND BALANCING
	A. Perform testing and balancing procedures on each system according to the procedures contained in AABC’s “National Standards for Testing and Balancing Heating, Ventilating, and Air Conditioning Systems” or NEBB’s “Procedural Standards for Testing, A...
	B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent necessary to allow adequate performance of procedures.  After testing and balancing, close probe holes and patch insulation with new material...
	C. Mark equipment and balancing device settings with paint or other suitable, permanent identification material, including damper-control positions, valve position indicators, fan-speed-control levers, and similar controls and devices, to show final s...

	3.04 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS
	A. Prepare test reports for both fans and outlets.  Obtain manufacturer’s outlet factors and recommended testing procedures.  Crosscheck the summation of required outlet volumes with required fan volumes.
	B. Prepare schematic diagrams of systems’ “as-built” duct layouts.
	C. For variable-air-volume systems, develop a plan to simulate diversity.
	D. Determine the best locations in main and branch ducts for accurate duct airflow measurements.
	E. Check airflow patterns from the outside-air louvers and dampers and the return- and exhaust-air dampers, through the supply-fan discharge and mixing dampers.
	F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
	G. Verify that motor starters are equipped with properly sized thermal protection.
	H. Check dampers for proper position to achieve desired airflow path.
	I. Check for airflow blockages.
	J. Check condensate drains for proper connections and functioning.
	K. Check for proper sealing of air-handling unit components.
	L. Check for proper sealing of air duct system.

	3.05 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS
	A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by fan manufacturer.
	1. Measure fan static pressures to determine actual static pressure as follows:
	a. Measure outlet static pressure as far downstream from the fan as practicable and upstream from restrictions in ducts such as elbows and transitions.
	b. Measure static pressure directly at the fan outlet or through the flexible connection.
	c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as possible, upstream from flexible connection and downstream from duct restrictions.
	d. Measure inlet static pressure of double-inlet fans through the wall of the plenum that houses the fan.

	2. Measure static pressure across each component that makes up an air-handling unit, rooftop unit, and other air-handling and -treating equipment.
	a. Simulate dirty filter operation and record the point at which maintenance personnel must change filters.

	3. Measure static pressures entering and leaving other devices such as sound traps, heat recovery equipment, and air washers, under final balanced conditions.
	4. Compare design data with installed conditions to determine variations in design static pressures versus actual static pressures.  Compare actual system effect factors with calculated system effect factors to identify where variations occur.  Recomm...
	5. Obtain approval from Owners Representative for adjustment of fan speed higher or lower than indicated speed.  Make required adjustments to pulley sizes, motor sizes, and electrical connections to accommodate fan-speed changes at no additional cost.
	6. Do not make fan-speed adjustments that result in motor overload.  Consult equipment manufacturers about fan-speed safety factors.  Modulate dampers and measure fan-motor amperage to ensure that no overload will occur.  Measure amperage in full cool...

	B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated airflows within specified tolerances.
	1. Measure static pressure at a point downstream from the balancing damper and adjust volume dampers until the proper static pressure is achieved.
	a. Where sufficient space in submain and branch ducts is unavailable for Pitot-tube traverse measurements, measure airflow at terminal outlets and inlets and calculate the total airflow for that zone.

	2. Remeasure each submain and branch duct after all have been adjusted.  Continue to adjust submain and branch ducts to indicated airflows within specified tolerances.

	C. Measure terminal outlets and inlets without making adjustments.
	1. Measure terminal outlets using a direct-reading hood or outlet manufacturer’s written instructions and calculating factors.

	D. Adjust terminal outlets and inlets for each space to indicated airflows within specified tolerances of indicated values.  Make adjustments using volume dampers rather than extractors and the dampers at air terminals.
	1. Adjust each outlet in same room or space to within specified tolerances of indicated quantities without generating noise levels above the limitations prescribed by the Contract Documents.
	2. Adjust patterns of adjustable outlets for proper distribution without drafts.


	3.06 PROCEDURES FOR MOTORS
	A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data:
	1. Manufacturer, model, and serial numbers.
	2. Motor horsepower rating.
	3. Motor rpm.
	4. Efficiency rating.
	5. Nameplate and measured voltage, each phase.
	6. Nameplate and measured amperage, each phase.
	7. Starter thermal-protection-element rating.

	B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying from minimum to maximum.  Test the manual bypass for the controller to prove proper operation.  Record observations, including controller manufacturer, mo...

	3.07 PROCEDURES FOR CONDENSING UNITS
	A. Verify proper rotation of fans.
	B. Measure entering- and leaving-air temperatures.
	C. Record compressor data.

	3.08 PROCEDURES FOR HEAT-TRANSFER COILS
	A. Water Coils:  Measure the following data for each coil:
	1. Entering- and leaving-water temperature.
	2. Water flow rate.
	3. Water pressure drop.
	4. Dry-bulb temperature of entering and leaving air.
	5. Wet-bulb temperature of entering and leaving air for cooling coils.
	6. Airflow.
	7. Air pressure drop.

	B. Electric-Heating Coils:  Measure the following data for each coil:
	1. Nameplate data.
	2. Airflow.
	3. Entering- and leaving-air temperature at full load.
	4. Voltage and amperage input of each phase at full load and at each incremental stage.
	5. Calculated kilowatt at full load.
	6. Fuse or circuit-breaker rating for overload protection.

	C. Refrigerant Coils:  Measure the following data for each coil:
	1. Dry-bulb temperature of entering and leaving air.
	2. Wet-bulb temperature of entering and leaving air.
	3. Airflow.
	4. Air pressure drop.
	5. Refrigerant suction pressure and temperature.


	3.09 PROCEDURES FOR TEMPERATURE MEASUREMENTS
	A. During TAB, report the need for adjustment in temperature regulation within the automatic temperature-control system.
	B. Measure indoor wet- and dry-bulb temperatures every other hour for a period of two successive 8-hour days, in each separately controlled zone, to prove correctness of final temperature settings.  Measure when the building or zone is occupied.
	C. Measure outside-air, wet- and dry-bulb temperatures.

	3.10 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING SYSTEMS
	A. Perform a preconstruction inspection of existing equipment that is to remain and be reused.
	1. Measure and record the operating speed, airflow, and static pressure of each fan.
	2. Measure motor voltage and amperage.  Compare the values to motor nameplate information.
	3. Check the refrigerant charge.
	4. Check the condition of filters.
	5. Check the condition of coils.
	6. Check the operation of the drain pan and condensate drain trap.
	7. Check bearings and other lubricated parts for proper lubrication.
	8. Report on the operating condition of the equipment and the results of the measurements taken.  Report deficiencies.

	B. Before performing testing and balancing of existing systems, inspect existing equipment that is to remain and be reused to verify that existing equipment has been cleaned and refurbished.
	1. New filters are installed.
	2. Coils are clean and fins combed.
	3. Drain pans are clean.
	4. Fans are clean.
	5. Bearings and other parts are properly lubricated.
	6. Deficiencies noted in the preconstruction report are corrected.

	C. Perform testing and balancing of existing systems to the extent that existing systems are affected by the renovation work.
	1. Compare the indicated airflow of the renovated work to the measured fan airflows and determine the new fan, speed, filter, and coil face velocity.
	2. Verify that the indicated airflows of the renovated work result in filter and coil face velocities and fan speeds that are within the acceptable limits defined by equipment manufacturer.
	3. If calculations increase or decrease the airflow and water flow rates by more than 5 percent, make equipment adjustments to achieve the calculated airflow and water flow rates.  If 5 percent or less, equipment adjustments are not required.
	4. Air balance each air outlet.


	3.11 TEMPERATURE-CONTROL VERIFICATION
	A. Verify that controllers are calibrated and commissioned.
	B. Check transmitter and controller locations and note conditions that would adversely affect control functions.
	C. Record controller settings and note variances between set points and actual measurements.
	D. Check the operation of limiting controllers (i.e., high- and low-temperature controllers).
	E. Check free travel and proper operation of control devices such as damper and valve operators.
	F. Check the sequence of operation of control devices.  Note air pressures and device positions and correlate with airflow and water flow measurements.  Note the speed of response to input changes.
	G. Check the interaction of electrically operated switch transducers.
	H. Check the interaction of interlock and lockout systems.
	I. Check main control supply-air pressure and observe compressor and dryer operations.
	J. Record voltages of power supply and controller output.  Determine whether the system operates on a grounded or nongrounded power supply.
	K. Note operation of electric actuators using spring return for proper fail-safe operations.

	3.12 TOLERANCES
	A. Set HVAC system airflow and water flow rates within the following tolerances:
	1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus 5 to plus 10 percent.
	2. Air Outlets and Inlets:  0 to minus 10 percent.
	3. Heating-Water Flow Rate:  0 to minus 10 percent.
	4. Cooling-Water Flow Rate:  0 to minus 5 percent.


	3.13 FINAL REPORT
	A. General:  Typewritten, or computer printout in letter-quality font, on standard bond paper, in three-ring binder, tabulated and divided into sections by tested and balanced systems.
	B. Include a certification sheet in front of binder signed and sealed by the certified testing and balancing engineer.
	1. Include a list of instruments used for procedures, along with proof of calibration.

	C. Final Report Contents:  In addition to certified field report data, include the following:
	1. Pump curves.
	2. Fan curves.
	3. Manufacturers’ test data.
	4. Field test reports prepared by system and equipment installers.
	5. Other information relative to equipment performance, but do not include Shop Drawings and Product Data.

	D. General Report Data:  In addition to form titles and entries, include the following data in the final report, as applicable:
	1. Title page.
	2. Name and address of TAB firm.
	3. Project name.
	4. Project location.
	5. Architect/Engineer’s name and address.
	6. Engineer’s name and address.
	7. Contractor’s name and address.
	8. Report date.
	9. Signature of TAB firm who certifies the report.
	10. Table of Contents with the total number of pages defined for each section of the report.  Number each page in the report.
	11. Summary of contents including the following:
	a. Indicated versus final performance.
	b. Notable characteristics of systems.
	c. Description of system operation sequence if it varies from the Contract Documents.

	12. Nomenclature sheets for each item of equipment.
	13. Data for terminal units, including manufacturer, type size, and fittings.
	14. Notes to explain why certain final data in the body of reports varies from indicated values.
	15. Test conditions for fans and pump performance forms including the following:
	a. Settings for outside-, return-, and exhaust-air dampers.
	b. Conditions of filters.
	c. Cooling coil, wet- and dry-bulb conditions.
	d. Face and bypass damper settings at coils.
	e. Fan drive settings including settings and percentage of maximum pitch diameter.
	f. Inlet vane settings for variable-air-volume systems.
	g. Settings for supply-air, static-pressure controller.
	h. Other system operating conditions that affect performance.


	E. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present each system with single-line diagram and include the following:
	1. Quantities of outside, supply, return, and exhaust airflows.
	2. Water and steam flow rates.
	3. Duct, outlet, and inlet sizes.
	4. Pipe and valve sizes and locations.
	5. Terminal units.
	6. Balancing stations.
	7. Position of balancing devices.


	3.14 ADDITIONAL TESTS
	A. Within 90 days of completing TAB, perform additional testing and balancing to verify that balanced conditions are being maintained throughout and to correct unusual conditions.
	B. Seasonal Periods:  If initial TAB procedures were not performed during near-peak summer and winter conditions, perform additional testing, inspecting, and adjusting during near-peak summer and winter conditions.



	16010
	1.01 SECTION INCLUDES
	A. Basic requirements specifically applicable to the work of Division 16 - Electrical Requirements.
	B. The Contractor shall furnish all permits, equipment, materials, and labor for assembly and installation plus check out and start-up of electrical systems as shown on the Contract Drawings and stipulated in the Contract Specifications.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.  Include the cost for this work in the lump sum Base Bid Item.

	1.03 REFERENCES
	A. As a minimum requirement, the electrical system shall be constructed in accordance with:
	1. American National Standards Institute/National Fire Protection Association (ANSI/NFPA), No. 70 - National Electrical Code (NEC) as adopted by the City of Houston.
	2. City of Houston Building Code.
	3. Other applicable Codes and Standards.

	B. Comply with local, county, state and federal regulations and codes in effect.
	C. Equipment of foreign manufacture must meet U.S. codes and standards.
	D. Equipment and materials shall conform to requirements of these specifications.

	1.04 QUALITY ASSURANCE
	A. Product Conformance Certificate and Quality Assurance Release.  Submit an overall conformance certificate for electrical components signed by the person responsible for product quality.
	B. Specifically identify the purchased material or equipment by project name and location, purchase order number, supplements, and item number where applicable, including materials and services provided by others.  Indicate that all requirements have ...
	C. Field Inspection
	1. Electrical work shall be inspected and approved by the local municipal code inspector, and the City Engineer prior to starting 7-day tests of equipment.
	2. Contractor shall give a minimum of one day’s notice to the Inspector that the installation is ready for inspection and two days’ notice to the City Engineer.
	3. Concealed work shall be inspected before it is covered:
	a. Conduit with stub-ups, underground in duct banks before concrete is poured.
	b. Conduit in slabs, walls and ceilings, complete with boxes.

	4. Electrical equipment and materials shall be inspected for compliance with specifications, upon arrival by the City Engineer.


	1.05 SITE CONDITIONS
	A. Take the following site conditions into consideration when fabricating, erecting, installing and wiring electrical equipment under this contract:
	1. Plant Location Houston
	2. Plant Type and Size Surface Water Plant
	3. Seismic Zone Zone 0
	4. Wind Velocity 135 mph
	5. Temperature, Min./Max.:
	a. Coldest Winter Month High - 60 F Low - 41 F
	b. Warmest Summer Month High - 94 F Low - 73 F
	c. Lowest Expected 11 F
	d. Highest Expected 107 F

	6. Rainfall:
	a. Annual 45 inches
	b. Design 3.4 inches/hour, 8.4 inches/24 hours

	7. Design Relative Humidity: 98%
	8. Station Barometric Pressure:
	a. Average Annual 29.5 inches Hg Absolute.



	1.06 PRESENTATION OF INFORMATION ON DOCUMENTS
	A. The electrical portion of this project was designed by several consulting engineering firms.  There are variations among the consulting engineering firms in the way information is presented on the Contract Drawings.  The Contractor shall disregard ...

	1.07 SCHEDULED POWER OUTAGES
	A. Existing electrical systems and equipment at this plant will be modified during this project.  The Contractor shall study the Contract Documents and develop a schedule which identifies all power outages and power outage durations.  The schedule of ...

	1.08 COMPLETE SYSTEMS
	A. Electrical drawings and specifications in the Contract Documents are intended to establish the types of systems and functions, but not to identify each item essential to functioning of the various systems.  Electrical drawings are generally diagram...

	2.01 COMPONENT DESIGN
	A. Components utilized in the construction of the material or equipment shall be of the latest proven design, new and in current production.  Do not use obsolete components or components to be phased out of production.  Components must be of the most ...

	2.02 FACTORY INSPECTION
	A. Provide free access with prior notice for the City Engineer at all times to the shop where the material or equipment is being fabricated or tested.  Provide reasonable facilities for inspection, witnessing tests, and examining records.  Give 7-days...

	3.01 PREPARATION
	A. Verify dimensions and ratings of equipment and materials to ensure proper fit and performance.

	3.02 INSTALLATION
	A. Install equipment and materials in accordance with the Contract Drawings and manufacturer's written instructions.  If field conditions necessitate changes in electrical installation, obtain approval from the City Engineer.

	3.03 DEMONSTRATION
	A. Test the electrical system to specification requirements and demonstrate correct installation and operation of equipment.
	B. Before performing 7-day test on equipment and systems, demonstrate the system to the City Engineer.  Show the system to be fully operational.  All alarms, safeties, and communication points to control rooms and locally must operate in both full-aut...
	C. Operate the system continuously for a period of 7 days in full automatic, without failure, to qualify as acceptable.  "Failure" is considered any problem that requires correction by maintenance personnel, such as:  high or low water level, any moto...
	D. The existing water treatment plant shall remain in service during tests.
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	1.01 SECTION INCLUDES
	A. Electrical Demolition.  Electrical Demolition is as indicated on the Contract Drawings.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.  Include the cost for this work in the lump sum Base Bid Item.

	1.03 REFERENCES
	A. Temporary wiring of systems to maintain operation of facilities while undergoing modifications and demolition shall be provided in accordance with:
	1. American National Standards Institute/National Fire Protection Association (ANSI/NFPA), No. 70 – National Electrical Code (NEC), Article No. 590 – Temporary Installations.


	1.04 SUBMITTALS
	A. Annotate existing drawings to sequence the demolition of systems, equipment removal, and temporary hook-ups.
	B. Schedule with City Engineer for required shut downs to accommodate system demolition and installation of temporary facilities.

	1.05 QUALITY ASSURANCE
	A. Verify field measurements and circuiting arrangements are as shown on drawings.
	B. Verify that abandoned wiring and equipment serve only abandoned facilities.  Remove abandoned wiring and conduits.
	C. Demolition items on the Contract Drawings are based on casual field observation and existing record documents.  Report discrepancies to the City Engineer before disturbing existing installations.
	D. By beginning demolition, installer accepts existing conditions and warrants that he will maintain service to equipment and items not scheduled or indicated for removal, and that he will return to the City all items and systems in good operating con...

	2.01 MATERIALS AND EQUIPMENT
	A. Materials and equipment for patching and extending work:  As specified in individual Sections.

	2.02 DESIGN AND CONSTRUCTION
	A. Temporary electrical wiring and facilities shall be designed and constructed in strict compliance with NEC - Article No. 590.

	3.01 PREPARATION
	A. Disconnect electrical systems in walls, floors, and ceilings scheduled for removal.
	B. Coordinate power outages with The Southeast Water Purification Plant Manager to provide continuous service to operating equipment.
	C. Provide temporary wiring and connections to maintain existing systems in service during construction.  When work must be performed on energized equipment or circuits, use personnel experienced in such operations.  Work to be carried out on energize...
	D. Existing Electrical Equipment:  Maintain existing system in service until new system is complete and ready for service.  Disable system only to make switchovers and connections.  Obtain permission from the City Engineer at least 21 days before part...

	3.02 DEMOLITION AND EXTENSION OF EXISTING ELECTRICAL WORK
	A. Remove, relocate, and extend existing installations to accommodate new construction.
	1. Remove abandoned wiring to source of supply, turn device off, mark as spare.
	2. Remove exposed abandoned conduit, including abandoned conduit above accessible ceiling finishes.  Cut conduit flush with walls and floors, and patch surfaces.
	3. Disconnect abandoned outlets and remove devices.  Remove abandoned outlets if conduit servicing them is abandoned and removed.  Provide blank cover for abandoned outlets not removed.
	4. Disconnect and remove abandoned panelboards and distribution equipment.
	5. Disconnect and remove electrical devices and equipment serving utilization equipment that has been removed.
	6. Repair adjacent construction and finishes damaged during demolition and extension work.
	7. Maintain access to existing active installations.  Modify installations or provide access panels as appropriate.
	8. Extend existing installations using materials and methods as specified for new work.


	3.03 DISPOSAL AND SALVAGE
	A. When items are to be removed, first check with the City Engineer to determine if any items are to be salvaged.  Deliver all items designated for salvage to the Electrical Maintenance Shop at the Administration Building at the Southeast Water Purifi...
	B. Materials and equipment that are not designated to be salvaged shall be removed and properly disposed of by the Contractor.

	3.04 CLEANING AND REPAIR
	A. Clean and repair existing materials and equipment which remain or are to be reused.
	B. Panelboards:  Clean exposed surfaces and check tightness of electrical connections.  Replace damaged circuit breakers and provide closure plates for vacant positions.  Provide typed circuit directory showing revised circuiting arrangement.


	16080
	16080
	Part 1  GENERAL
	1.01 - 1.02  (NOT USED)
	1.03 REFERENCES
	1.04 – 1.05  (not used)
	1.06 SUBMITTALS
	A. Informational Submittals:
	1. Submit 30 Days Prior to Performing Inspections or Tests:
	a. Schedule for performing inspection and tests.
	b. List of references to be used for each test.
	c. Sample copy of equipment and materials inspection form(s).
	d. Sample copy of individual device test form.
	e. Sample copy of individual system test form.

	2. Submit within 30 days after completion of test.
	3. Test or inspection reports and certificates for each electrical item tested.
	4. Operation and Maintenance Data:
	a. In accordance with General Conditions.
	b. After test or inspection reports and certificates have been reviewed by OWNER and returned, insert a copy of each in operation and maintenance manual.



	1.07 QUALITY ASSURANCE
	A. Testing Firm Qualifications:
	1. Corporately and financially independent organization functioning as an unbiased testing authority.
	2. Professionally independent of manufacturers, suppliers, and installers, of electrical equipment and systems being tested.
	3. Employer of engineers and technicians regularly engaged in testing and inspecting of electrical equipment, installations, and systems.
	4. Supervising engineer accredited as Certified Electrical Test Technologist by National Institute for Certification of Engineering Technologists (NICET), or International Electrical Testing Association and having a minimum of 5 years testing experien...
	5. Technicians certified by NICET or NETA.
	6. Assistants and apprentices assigned to project at ratio not to exceed two certified to one noncertified assistant or apprentice.
	7. Registered Professional Engineer to provide comprehensive project report outlining services performed, results of such services, recommendations, actions taken, and opinions.
	8. In compliance with OSHA Title 29, Part 1907 criteria for accreditation of testing laboratories or a full Member Company of International Electrical Testing Association.

	B. Test equipment shall have an operating accuracy equal to, or greater than, requirements established by NETA ATS.
	C. Test instrument calibration shall be in accordance with NETA ATS.

	1.08 SEQUENCING
	A. Perform inspection and electrical tests after equipment has been installed.
	B. Perform tests with apparatus de-energized whenever feasible.

	1.09 SCHEDULING
	A. Inspection and Electrical Tests on Energized Equipment are to be:
	1. Scheduled with OWNER prior to de-energization.
	2. Minimized to avoid extended period of interruption to the operating plant equipment.

	B. Notify OWNER at least 24 hours prior to performing tests on energized electrical equipment.

	1.10 – 1.11  (NOT USED)

	Part 2  PRODUCTS  (NOT USED)
	Part 3  EXECUTION
	3.01 GENERAL
	A. Tests specified in this Section are to be performed in accordance with the equipment requirements
	B. Tests and Inspection shall Establish that:
	1. Electrical equipment is operational within industry and manufacturer’s tolerances.
	2. Installation operates properly.
	3. Equipment is suitable for energization.
	4. Installation conforms to requirements of Contract Documents and NFPA 70, NFPA 70E, and ANSI C2.

	C. Perform inspection and testing in accordance with NETA ATS, industry standards, and manufacturer’s recommendations.
	D. Set, test, and calibrate, circuit breakers, fuses and other applicable devices.  In accordance with values for a complete system.
	E. Adjust mechanisms and moving parts for free mechanical movement.
	F. Adjust adjustable relays and sensors to correspond to operating conditions, or as recommended by manufacturer.
	G. Verify nameplate data for conformance to Contract Documents.
	H. Realign equipment not properly aligned and correct unlevelness.
	I. Properly anchor electrical equipment found to be inadequately anchored.
	J. Tighten accessible bolted connections, including wiring connections, with calibrated torque wrench to manufacturer’s recommendations, or as otherwise specified.
	K. Clean contaminated surfaces with cleaning solvents as recommended by manufacturer.
	L. Provide proper lubrication of applicable moving parts.
	M. Inform OWNER of working clearances not in accordance with NFPA 70.
	N. Investigate and Repair or Replace:
	1. Electrical items that fail tests.
	2. Active components not operating in accordance with manufacturer’s instructions.
	3. Damaged electrical equipment.

	O. Electrical Enclosures:
	1. Remove foreign material and moisture from enclosure interior.
	2. Vacuum and wipe clean enclosure interior.
	3. Remove corrosion found on metal surfaces.
	4. Repair or replace, as determined by OWNER, door and panel sections having dented surfaces.
	5. Repair or replace, as determined by OWNER, poor fitting doors and panel sections.
	6. Repair or replace improperly operating latching, locking, or interlocking devices.
	7. Replace missing or damaged hardware.
	8. Finish:
	a. Provide matching paint and touch up scratches and mars.
	b. If required due to extensive damage, as determined by OWNER, refinish the entire assembly.


	P. Replace fuses and circuit breakers that do not conform to size and type required by the Contract Documents.
	Q. Replace transformer insulating oil not in compliance with ASTM D923.

	3.02 PREPARATION  (NOT USED)
	3.03 ERECTION/INSTALLATION/APPLICATION AND/OR CONSTRUCTION
	A. Dry Type Transformers
	1. Visual and Mechanical Inspection:
	a. Physical and insulator damage.
	b. Proper winding connections.
	c. Bolt torque level in accordance with NETA ATS, Table 10.1, unless otherwise specified by manufacturer.
	d. Defective wiring.
	e. Proper operation of fans, indicators, and auxiliary devices.
	f. Removal of shipping brackets, fixtures, or bracing.
	g. Free and properly installed resilient mounts.
	h. Cleanliness and improper blockage of ventilation passages.
	i. Verify that tap-changer is set at correct ratio for rated output voltage under normal operating conditions.
	j. Verify proper secondary voltage phase-to-phase and phase-to-ground after energization and prior to loading.

	2. Electrical Tests:
	a. Insulation Resistance Tests:
	(1) Applied megohmmeter dc voltage in accordance with NETA ATS, Table 7.2.3 for each:
	(a) Winding-to-winding.
	(b) Winding-to-ground.

	(2) 10-minute test duration with resistances tabulated at 30 seconds, 1 minute, and 10 minutes.
	(3) Results temperature corrected in accordance with NETA ATS, Table 7.2.4.
	(4) Temperature corrected insulation resistance values equal to, or greater than, ohmic values established by manufacturer.
	(5) Insulation resistance test results to compare within 1 percent of adjacent windings.

	b. Perform tests and adjustments for fans, controls, and alarm functions as suggested by manufacturer.


	B. Low Voltage Cables, 600 Volts Maximum
	1. Visual and Mechanical Inspection:
	a. Inspect Each Individual Exposed Power Cable No. 6 and Larger for:
	(1) Physical damage.
	(2) Proper connections in accordance with single-line diagram.
	(3) Cable bends not in conformance with manufacturer’s minimum allowable bending radius where applicable.
	(4) Color coding conformance with specifications.
	(5) Proper circuit identification.

	b. Mechanical
	(1) Proper lug type for conductor material.
	(2) Proper lug installation.
	(3) Bolt torque level in accordance with NETA ATS, Table 10.1, specified by manufacturer.

	c. Shielded Instrumentation Cables for:
	(1) Proper shield grounding.
	(2) Proper terminations.
	(3) Proper circuit identification.

	d. Control Cables for:
	(1) Proper termination.
	(2) Proper circuit identification.

	e. Cables Terminated Through Window Type CTs: Verify that neutrals and grounds are terminated for correct operation of protective devices.

	2. Electrical Tests for Conductors No. 6 and Larger:
	a. Insulation Resistance Tests:
	(1) Utilize 1,000-volt dc megohmmeter for 600-volt insulated conductors and 500-volt dc megohmmeter for 300-volt insulated conductors.
	(2) Test each conductor with respect to ground and to adjacent conductors per IEEE 118 procedures for 1 minute.
	(3) Evaluate ohmic values by comparison with conductors of same length and type.
	(4) Investigate values less than 50 megohms.

	b. Continuity test by ohmmeter method to ensure proper cable connections.


	C. Safety Switches, 600 Volts Maximum
	1. Visual and Mechanical Inspection:
	a. Proper blade pressure and alignment.
	b. Proper operation of switch operating handle.
	c. Adequate mechanical support for each fuse.
	d. Proper contact-to-contact tightness between fuse clip and fuse.
	e. Cable connection bolt torque level in accordance with NETA ATS, Table 10.1.
	f. Proper phase barrier material and installation.
	g. Verify that fuse sizes and types correspond to one-line diagram.
	h. Perform mechanical operational test and verify electrical and mechanical interlocking system operation and sequencing.

	2. Electrical Tests:
	a. Insulation Resistance Tests:
	(1) Applied megohmmeter dc voltage in accordance with NETA ATS, Table 10.2.
	(2) Phase-to-phase and phase-to-ground for 1 minute on each pole.
	(3) Insulation resistance values equal to, or greater than, ohmic values established by manufacturer.

	b. Contact Resistance Tests:
	(1) Contact resistance in microhms across each switch blade and fuse holder.
	(2) Investigate deviation of 50 percent or more from adjacent poles or similar switches.



	D. Molded and Insulated Case Circuit Breakers
	1. General: Inspection and testing limited to circuit breakers rated 70 amperes and larger and to motor circuit protector breakers rated 50 amperes and larger.
	2. Visual and Mechanical Inspection:
	a. Proper mounting.
	b. Proper conductor size.
	c. Feeder designation according to nameplate and one-line diagram.
	d. Cracked casings.
	e. Connection bolt torque level in accordance with NETA ATS, Table 10.1.
	f. Operate breaker to verify smooth operation.
	g. Compare frame size and trip setting with circuit breaker schedules or one-line diagram.
	h. Verify that terminals are suitable for 75 degrees C rated insulated conductors.

	3. Electrical Tests:
	a. Insulation Resistance Tests:
	(1) Utilize 1,000-volt dc megohmmeter for 480- and 600-volt circuit breakers and 500-volt dc megohmmeter for 240-volt circuit breakers.
	(2) Pole-to-pole and pole-to-ground with breaker contacts opened for 1 minute.
	(3) Pole-to-pole and pole-to-ground with breaker contacts closed for 1 minute.
	(4) Test values to comply with NETA ATS, Table 10.2.

	b. Contact Resistance Tests:
	(1) Contact resistance in microhms across each pole.
	(2) Investigate deviation of 50 percent or more from adjacent poles and similar breakers.

	c. Primary Current Injection Test to Verify:
	(1) Long-time minimum pickup and delay.
	(2) Short-time pickup and delay.
	(3) Ground fault pickup and delay.
	(4) Instantaneous pickup by run-up or pulse method.
	(5) Trip characteristics of adjustable trip breakers shall be within manufacturer’s published time-current characteristic tolerance band, including adjustment factors.
	(6) Trip times shall be within limits established by NEMA AB 4, Table 5-3.
	(7) Instantaneous pickup value shall be within values established by NEMA AB 4, Table 5-4.



	E. Grounding Systems
	1. Visual and Mechanical Inspection:
	a. Equipment and circuit grounds in motor control center, panelboard, switchboard, assemblies for proper connection and tightness.
	b. Ground bus connections in motor control center, panelboard, switchboard, assemblies for proper termination and tightness.
	c. Effective transformer core and equipment grounding.
	d. Accessible connections to grounding electrodes for proper fit and tightness.
	e. Accessible exothermic-weld grounding connections to verify that molds were fully filled and proper bonding was obtained.

	2. Electrical Tests:
	a. Fall-of-Potential Test:
	(1) In accordance with IEEE 81, Section 8.2.1.5 for measurement of main ground system’s resistance.
	(2) Main ground electrode system resistance to ground to be no greater than 5 ohms.

	b. 2. Two-Point Direct Method Test:
	(1) In accordance with IEEE 81, Section 8.2.1.1 for measurement of ground resistance between main ground system, equipment frames, and system neutral and derived neutral points.
	(2) Equipment ground resistance shall not exceed main ground system resistance by 0.50 ohm.



	F. Motors
	1. General: Inspection and testing limited to motors rated 1/2 horsepower and larger.
	2. Visual and Mechanical Inspection:
	a. Proper electrical and grounding connections.
	b. Shaft alignment.
	c. Blockage of ventilating air passageways.
	d. Operate Motor and Check for:
	(1) Excessive mechanical and electrical noise.
	(2) Overheating.
	(3) Correct rotation.
	(4) Check vibration detectors, resistance temperature detectors, or motor inherent protectors for functionability and proper operation.
	(5) Excessive vibration.

	e.  Check operation of space heaters.

	3. Electrical Tests:
	a. Insulation Resistance Tests:
	(1) In accordance with IEEE 43 at test voltages established by NETA ATS.
	(2) Insulation resistance values equal to, or greater than, ohmic values established by manufacturers.

	b. Insulation resistance test on insulated bearings in accordance with manufacturer’s instructions.
	c. Measure running current and voltage, and evaluate relative to load conditions and nameplate full-load amperes.


	G. Low Voltage Surge Arrestors
	1. Visual and Mechanical Inspection:
	a. Adequate clearances between arrestors and enclosures.
	b. Ground connections to ground bus or electrode.

	2. Electrical Tests:

	H. Panelboards
	1. Visual and Mechanical Inspection: Include the following inspections and related work:
	a. Inspect for defects and physical damage, labeling, and nameplate compliance with requirements of up-to-date Drawings and panelboard schedules.
	b. Exercise and perform operational tests of mechanical components and other operable devices in accordance with manufacturer’s instruction manual.
	c. Check panelboard mounting, area clearances, and alignment and fit of components.
	d. Check tightness of bolted electrical connections with calibrated torque wrench.  Refer to manufacturer’s instructions for proper torque values.
	e. Perform visual and mechanical inspection for overcurrent protective devices.

	2. Electrical Tests: Include the following items performed in accordance with manufacturer’s instruction:

	I. Low Voltage Motor Control
	1. Visual and Mechanical Inspection:
	a. Proper operation of indicating and monitoring devices.
	b. Proper overload protection for each motor.
	c. Improper blockage of air-cooling passages.
	d. Check door and device interlocking system.
	e. Check Nameplates for Proper Identification of:
	(1) Equipment title and tag number with latest one-line diagram.
	(2) Pushbuttons.
	(3) Control switches.
	(4) Pilot lights.
	(5) Control relays.
	(6) Circuit breakers.
	(7) Indicating meters.

	f. Verify fuse and circuit breaker sizes and types conform to Contract Documents.
	g. Verify current and potential transformer ratios conform to Contract Documents.
	h. Check bus connections for high resistance by low resistance ohmmeter.  Ohmic value to be zero.
	i. Check operation and sequencing of electrical and mechanical interlock systems.
	j. Verify performance of each control device and feature furnished as part of motor control.
	k. Control Wiring:
	(1) Compare wiring to local and remote control, and protective devices with elementary diagrams.
	(2) Check for proper conductor lacing and bundling.
	(3) Check for proper conductor identification.
	(4) Check for proper conductor lugs and connections.

	l. Exercise active components.
	m. Inspect Contactors for:
	(1) Correct mechanical operations.
	(2) Correct contact gap, wipe, alignment, and pressure.
	(3) Correct torque of all connections.

	n. Compare overload heater rating with full-load current for proper size.
	o. Compare circuit breaker with motor characteristics for proper size.
	p. Perform phasing check on double-ended motor control centers to ensure proper bus phasing from each source.

	2. Electrical Tests:
	a. Insulation Resistance Tests:
	(1) Applied megohmmeter dc voltage in accordance with NETA ATS, Table 100.1.
	(2) Starter section phase-to-phase and phase-to-ground on each phase with starter contacts closed and protective devices open.
	(3) Test values to comply with NETA ATS, Table 100.1.

	b. Current injection through overload unit at 300 percent of motor full-load current and monitor trip time:
	(1) Trip time in accordance with manufacturer’s published data.
	(2) Investigate values in excess of 120 seconds.

	c. Control Wiring Tests:
	(1) Apply secondary voltage to control power and potential circuits.
	(2) Check voltage levels at each point on terminal boards and each device terminal.
	(3) Insulation resistance test at 1,000 volts dc on control wiring except that connected to solid state components: Insulation resistance to be 1 megohm minimum.

	d. Operational test by initiating control devices to affect proper operation.



	3.04 – 3.10  (NOT USED)
	3.11 MEASUREMENT AND PAYMENT
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	1.01 SECTION INCLUDES
	A. Specification for Conduit, Fittings and Bodies.  See Specification Section 16402, Underground Duct Banks, for additional requirements.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.  Include the cost for this work in the lump sum Base Bid Item.
	B. Under Section 00410, Part B, Paragraph C, Contractor is required to provide unit prices for furnishing and installing equipment and materials specified under this section. These bid items are included to provide a price for additional quantities of...
	C. Under Section 00410, Part B, Paragraph C, Contractor is required to provide a unit price for a specified quantity of conduit(s), specified under this section. This Bid Item is included to provide a price for additional quantities of conduit(s) all ...

	1.03 RELATED SECTIONS
	A. Specification 16195, Electrical Identification.
	B. Specification 16600, Underground System.

	1.04 REFERENCES
	A. American National Standards Institute (ANSI)
	1. ANSI C80.1:  Rigid Steel Conduit - Zinc Coated
	2. ANSI C80.3:  Electrical Metallic Tubing - Zinc Coated
	3. ANSI C80.4:  Fittings for Rigid Metal Conduit
	4. ANSI C80.5:  Rigid Aluminum Conduit

	B. Federal Specifications
	1. W-C-58C:  Conduit Outlet Boxes, Bodies Aluminum and Malleable Iron
	2. W-C-1094:  Conduit and Conduit Fittings Plastic, Rigid
	3. WW-C-566C:  Liquid Tight Flexible Metal Conduit
	4. WW-C-581D:  Coatings on Steel Conduit

	C. National Electrical Manufacturers Association (NEMA)
	1. NEMA RN1:  Polyvinyl-Chloride Externally Coated Galvanized Rigid Steel Conduit and Electrical Metallic Tubing
	2. NEMA TC2:  Electrical Plastic Tubing (EPT) and Conduit (EPC-40 and EPC-80)
	3. NEMA TC3:  PVC Fittings for Use with Rigid PVC Conduit and Tubing

	D. National Fire Protection Association (NFPA), ANSI/NFPA 70 - National Electrical Code (NEC)
	E. Underwriters' Laboratories (UL)
	1. UL 1:  Liquid Tight Flexible Metal Electrical Conduit
	2. UL 6:  Rigid Metal Electrical Conduit
	3. UL 514B:  Fittings for Conduit and Outlet Boxes
	4. UL 651:  Schedule 80 Rigid PVC Conduit
	5. UL 651A:  Type EB and A Rigid PVC Conduit and HDPE Conduit
	6. UL 797:  Electrical Metallic Tubing
	7. UL 886:  Electrical Outlet Boxes and Fittings for Use in Hazardous Locations
	8. UL 1684:  Reinforced Thermosetting Resin Conduit


	1.05 SUBMITTALS
	A. Submit the following under the provisions of Section 01330 - Submittal Procedures:
	1. Manufacturer's cut sheets, catalog data
	2. Installation, terminating and splicing procedure
	3. Instruction for handling and storage
	4. Dimensions and weight
	5. Code compliance certificate
	6. Conformance certificate


	1.06 QUALITY ASSURANCE
	A. Tests
	1. Rigid steel conduit shall pass the bending, ductility, and thickness of zinc coating tests described by ANSI C80.1.
	2. Liquid tight flexible conduit shall pass the tension, flexibility, impact, and zinc coating test described by UL 1.
	3. Nonmetallic conduit and fittings shall pass the test requirements of NEMA TC2, UL 651 and 651A and Federal specification W-C-1094A.


	1.07 DELIVERY STORAGE AND HANDLING
	A. Package conduit in 10-foot bundles maximum, except for PVC conduits which may be up to 20 feet in length, with conduit and coupling thread protectors suitable for indoor and outdoor storage.  Package fittings in manufacturer's standard quantities a...
	B. Store conduit above ground on racks to prevent corrosion and entrance of debris.

	2.01 MATERIALS AND EQUIPMENT
	A. Design Conditions.  Use electrical conduit, fittings, and bodies designed for service in areas as specified in Section 16010 - Basic Electrical Requirements and this section to form a continuous raceway system for power, control, and instrument cab...
	B. Conduit and Fittings
	1. Rigid Aluminum Conduit and Fittings
	a. Rigid Aluminum Conduit, bends, nipples, bodies, etc., shall be manufactured from aluminum alloy 6063-T1 and shall comply with the latest ANSI C80.5 requirements.
	b. Fittings for Rigid Aluminum Conduit shall be cast aluminum with cast aluminum covers attached to the conduit fitting by stainless steel captive screws.
	2. Rigid Steel Conduit and Fittings
	a. Rigid Steel Conduit, bends, nipples, bodies, etc., shall be hot-dipped galvanized and shall comply with the latest ANSI C80.1, UL 6, Federal Specification WW-C-581D, and NEC Article 344.
	b. Mild steel tubing shall be used for conduit, nipples, and couplings, and shall be free of defects on both the inner and outer surfaces.
	c. Fittings and bodies and covers for rigid steel conduit shall be steel or cast-iron and shall comply with ANSI C80.4, UL 514B, and Federal Specification W-C-58C.
	3. Electrical Metallic Tubing and Fittings
	a. Electrical Metallic Tubing (EMT) shall be galvanized steel tubing and shall comply with the latest ANSI C80.3 and UL 797 requirements.
	b. EMT fittings shall be galvanized malleable iron or steel compression type which tighten around the tubing by use of hex compression nuts.  EMT connectors shall have insulated throats.  Zinc or pot metal compression fittings are not acceptable.  Set...
	4. Liquid Tight Flexible Metal Conduit and Fittings
	a. Use liquid tight flexible metal conduit with spiral-wound, square locked, hot dip galvanized steel strip, manufactured in accordance with UL 1 and Federal specification WW-C-566C.
	b. Fittings used with liquid tight flexible metal conduit shall be galvanized steel or malleable iron and of such design as to thoroughly ground the conduit to the fittings, and through it to the box or enclosure to which it is attached.
	c. Liquid tight flexible couplings and fittings for use in hazardous areas shall comply with UL 886, NEC Article 501, and Federal Specification W-C-586C.
	5. PVC Conduit and Fittings.  Use PVC conduit, bends, and fittings, which comply with NEMA TC2, W-C-1094, and NEC Article 352 for above ground and underground installation.  Conduit shall be Schedule 40 where conduit is concrete encased and Schedule 8...
	6. Epoxy Fiberglass Conduit and Fittings
	a. Use epoxy fiberglass conduit, bends and fittings which comply with UL 1684 and NEC Article 352 for underground applications.
	b. Where used for bends greater than 15 degrees in underground duct bank conduits, provide epoxy fiberglass bends with a deep socket PVC coupling factory attached to each end of each bend.
	c. When used for stub-ups, provide an epoxy fiberglass elbow with a vertical epoxy fiberglass nipple to extend the conduit upward to a termination point.  Join the elbow to the nipple with an epoxy fiberglass straight socket connection joined with epo...
	d. Epoxy fiberglass conduit shall have a wall thickness of 0.070” for sizes ¾” through and including 4” conduit.  A wall thickness of 0.096” shall be provided for 5” epoxy fiberglass conduit.
	e. An acceptable manufacturer of epoxy fiberglass conduit is Champion Fiberglass, 6400 Spring Stuebner Road, Spring, TX 77389, 281-655-8900.
	7. PVC-Coated Rigid Steel Conduit and Fittings
	a. PVC-coated conduit, fittings, bodies, and covers shall be Form 8 and conform to NEMA RN 1 (Type A). Rigid steel galvanized conduit and fittings shall conform to Federal Specifications WW-C-581 D and ANSI C 80.1. PVC-coated rigid metal conduit must ...
	b. PVC-coated couplings shall be of the ribbed type.
	c. Condulet covers shall have encapsulated stainless steel thumb screws.
	d. Condulets and covers shall be of malleable iron or ferroalloy material before coating.
	e. Urethane coating shall be a minimum of 2 mil thickness on the interior of the conduit and the interior of fittings, condulets, covers, and bodies.
	f. PVC coated rigid steel conduit shall have the PVC coating adhesion tested to conform to the “ETL Verified PVC-001” label.

	3.01 PREPARATION
	A. Ensure that the conduit system to be installed is sized properly for the cable and wire requirements.
	B. Verify the actual physical conduit route from the conduit plan drawings and prepare the conduit support system.
	C. Verify the equipment locations to which the conduit will be connected and determine detail requirements for connections.

	3.02 INSTALLATION
	A. Install Rigid Aluminum Conduits in all indoor and outdoor locations, unless a different type of conduit is identified below for a specific application.
	B. Install Schedule 80 PVC conduits in all indoor areas where chemicals are stored, metered, pumped or processed.
	C. Install Rigid Steel Conduits inside valve vaults and valve manholes.
	D. Install Schedule 40 PVC conduits for all underground applications including all single conduits, duct banks, and where conduits are encased in concrete slabs. See Specification 16600, Underground System, for additional requirements. The minimum ben...
	E. EMT conduits shall only be used where concealed in walls of air conditioned rooms or above lay-in ceilings in air conditioned rooms. EMT conduits shall not be installed exposed at any locations.
	F. Run exposed conduit parallel or perpendicular to walls, ceilings or main structural members. Group multiple conduits together where possible.  Conduit shall not interfere with the use of passageways, doorways, overhead cranes, monorails, equipment ...
	G. Installation and support of conduits shall be from steel or concrete structures using Type 316 stainless steel Unistrut P1000 (or equivalent by other vendors) attached with Type 316 stainless steel bolts, expansion anchors and associated hardware. ...
	H. Identify conduits at termination points like MCC, light fixtures, control panels, receptacles, and junction boxes.
	I. Not more than 3 equivalent 90 degree bends will be permitted between outlets.  Provide bonded expansion fittings at building expansion joints.
	J. Install conduit runs so that they are mechanically secure, mechanically protected from physical harm, electrically continuous, and neat in appearance. The interiors of conduit shall provide clean, smooth raceways through which conductors may he dra...
	K. Cut conduit square with a power saw or a rotary type conduit cutter designed to leave a flat face. Do not use plumbing pipe cutters for cutting conduit.  Ream the cut ends of conduit with a reamer, designed for the purpose to eliminate rough edges ...
	L. Make up changes in direction of conduit using elbows or fittings.  Do not use pull boxes to make direction changes unless specifically designated otherwise.
	M. Field fabricated bends shall be free of indentations or elliptical sections.  The radius of the bends shall not be less than listed in Paragraph 3.02 (this paragraph) of this specification.
	N. Protect all conduit terminations from mechanical injury.  Prevent the entry of moisture and foreign mater into the conduit system shall be prevented by properly capping terminations.
	O. Avoid trapped runs of conduit, if possible.  When they are necessary, provide drainage using a "tee" condulet equipped with a drain.  Conduit is likely to pass through areas with a temperature differential of 20 degrees F or more or conditioned spa...
	P. Fit all conduit crossing building or structure expansion joints with approved expansion fittings, except that fittings will not be required when conduit crossing an expansion joint is supported on trapeze hangers in such a way that at no time will ...
	Q. Where conduit terminates in sheet metal enclosures and where no threaded hubs are provided, fit the conduit with double locknuts and bushings.  Sheet metal enclosures located outside or in any other wet, damp or corrosive areas shall be furnished w...
	R. Provide liquid tight flexible metallic conduit where necessary to allow for movement or to localize sound or vibration, at transformers, at motors and any other rotating equipment unless shown otherwise on Contract Drawings.
	S. Seal all openings or holes where conduits pass through walls or floors.  When passing thru a firewall or floor, use a fire-rated seal.  Certain walls, as indicated on the drawings, require environmental (air-tight) seals; seal as indicated on the D...
	T. Install explosion-proof seals in conduit runs crossing or entering a hazardous classified area (as shown on Contract Drawings).  Install type CSBE removable sealing fittings to seal pump cables between wet well and first junction box.
	U. Unless otherwise indicated on the Contract Drawings, install expansion fittings every 300 feet within a straight conduit run and where conduit crosses building expansion joints, using bonding straps to ensure ground continuity.
	V. Parallel runs of conduit may be supported by structural steel racks.  When two or more racks are arranged one above the other, provide vertical separation of not less than 12 inches between racks, unless otherwise indicated on the Contract Drawings...
	W. Fill conduit racks no more than 75 percent of their capacity, providing usable space for future conduit.  To ensure this, conduits leaving the rack horizontally shall be offset up or down so that future conduits may be installed in the space remain...
	X. Where conduit racks are supported on rods from beam clamps or by some other non-rigid suspension system, install rigid supports at no more than 50-foot intervals to give lateral stability to the rack.
	Y. Conduit racks or hangers must in no way interfere with machinery (or its operation), piping, structural members, process equipment, or access to anticipated future equipment.  Refer to architectural, structural, equipment layout and piping drawings...
	Z. Support conduit sizes 2 inches and larger at spacings not exceeding 10 feet and conduit sizes 1-1/2 inches and smaller at spacings not exceeding 8 feet.
	AA. Support conduit runs with Type 316 stainless steel conduit clamps, hangers, straps and Type 316 stainless steel metal framing channel attached to structural steel members.
	BB. Install conduits supported form building walls with at least 1/4-inch clearance from the wall to prevent the accumulation of dirt and moisture behind conduit.
	CC. The minimum conduit size shall be 3/4-inch.
	DD. Provide conduit tags for conduits as indicated in Specification 16195, Electrical Identification.
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	1.01 SECTION INCLUDES
	A. Specifications for 600-volt insulated wire for power and controls.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.  Include the cost for this work in the lump sum Base Bid Item.
	B. Payment for extra unit price work shall be as defined in the extra unit price schedule.
	C. Under Section 00410, Part B, Paragraph C, Item No. 1, Contractor is required to provide a unit price for a specified quantity of conduit(s), specified under this section. This Bid Item is included to provide a price for additional quantities of con...

	1.03 RELATED SECTIONS
	A. Section 16195 - Electrical Identification.

	1.04 REFERENCES
	A. American National Standards Institute/National Fire Protection Association (ANSI/NFPA), NFPA 70 - National Electrical Code (NEC), Article 310 - Conductors for General Wiring
	B. Underwriter's Laboratories (UL)
	1. UL 83:  Thermoplastic Insulated Wires and Cables
	2. UL 1063:  Machine Tool Wires and Cables

	C. American Society for Testing and Materials (ASTM)
	1. ASTM B3:  Soft or Annealed Copper Wires
	2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium Hard, Soft

	D. Insulated Cable Engineers Association (ICEA), ICEA S-61-402:  Thermoplastic-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy (NEMA WC-5)

	1.05 SUBMITTALS
	A. Submit the following under the provisions of Section 01330 - Submittal Procedures.
	1. Manufacturer's cut sheets, catalog data
	2. Instruction for handling and storage
	3. Dimensions and weight
	4. Conformance certificate


	1.06 QUALITY ASSURANCE
	A. Tests.  Cable shall meet all the requirements of Part 6 of ICEA S-61-402.
	B. Conformance Certificate and Quality Assurance Release.  Submit a conformance certificate signed by the person responsible for product quality.  The certificate shall specifically identify the purchased material or equipment; such as by the project ...

	1.07 DELIVERY, STORAGE, AND HANDLING
	A. Ship wire and cable on manufacturer's standard reel sizes unless otherwise specified. Where cut lengths are specified, mark reel footage accordingly.  Each reel shall contain one continuous length of cable.  Provide impact protection by wood laggin...

	2.01 ACCEPTABLE MANUFACTURERS
	A. American Insulated Wire Corporation
	B. Carol Cable Company, Inc.
	C. General Cable Company
	D. Houston Wire and Cable
	E. Okonite Company
	F. Rome Cable Company
	G. Triangle Wire and Cable, Inc.

	2.02 600-VOLT INSULATED WIRE
	A. Design.  Provide insulated wire designated as XHHW-2 single conductor type and UL 83 and UL 1063 listed, rated 600 volts and certified for continuous operation at maximum conductor temperature of 90 degrees C in dry locations and 90 degrees C in we...
	B. Conductors.  Provide conductors which are Class B, concentric-stranded, annealed uncoated copper with physical and electrical properties complying with ASTM B3 and B8 and Part 2 of ICEA S-61-402.
	C. Insulation.  Each conductor shall be insulated with cross linked synthetic polymer. The insulation thickness shall match the dimensions listed in Table 310-13 of the National Electrical Code (NEC) for type XHHW-2 wire.  Contract Drawing “STD-E-3” i...
	D. Wire Marking
	1. Wire marking shall be in accordance with National Electrical Code (NEC) Article 310-11 and shall be printed on the wire insulation at 2-foot intervals.
	2. The printing method used shall be permanent and the color shall sharply contrast with the jacket color.
	E. Single conductor color coding for power conductors follows.  When colored insulated conductors are not available, wrap color tape around ends of conductors.

	System Voltage A B C Neutral
	120/240 Volt 1Ph/3w Black Red  White
	208/120 Volt 3Ph/4w Black Red Blue White
	120/240 Volt 3Ph/4w Black Orange Blue White
	480/277 Volt 3Ph/4w Brown Purple Yellow Grey
	Ground  Green
	2.03 600-VOLT INSULATED MULTI-CONDUCTOR CABLE
	A. Multi-conductor cable shall consist of an assembly of individual XHHW-2 insulated wires with an overall flame retardant PVC jacket over the multi-conductor assembly.  The PVC jacket minimum thickness shall be 45 mils.
	B. Cable Marking
	1. Wire marking shall be in accordance with National Electrical Code (NEC) Article 310-11 and shall be printed on the wire insulation at 2-foot intervals.
	2. The printing method used shall be permanent and the color shall sharply contrast with the jacket color.

	2.04 POWER CONDUCTOR SIZES NO. 12 AND 10 AWG
	A. Dry Locations
	1. Minimize splices
	2. Use twist type pressure connectors which screw-on conductors to splice wires.  Connectors shall be factory insulated for 600 volts and rated for 105 degrees C.
	3. Use Buchanan B-CAP wire connectors or 3M Scotchlok spring connectors.
	B. Wet Locations
	1. Minimize splices
	2. Splice conductors with copper (not CU/AL) crimp type compression sleeves.  Cover splices with heat shrink sleeves, Raychem Type WCSM (tubing type sleeves) or Raychem Type CRSM (split sleeve with stainless steel closure spline).

	2.05 POWER CONDUCTORS NO. 8 AWG AND LARGER
	A. All locations
	1. Minimize splices.
	2. Splice conductors with copper (not CU/AL) crimp type compression sleeves.  Cover splices with heat shrink sleeves, Raychem Type WCSM (tubing type sleeves) or Raychem Type CRSM (split sleeve with stainless steel closure spine).
	3. Terminate power conductors no. 8 AWG and larger with copper crimp type compression lugs.  Conductors 4/0 AWG and larger shall be terminated with long barrel two-hole lugs.

	2.06 CONTROL WIRES
	A. Dry Locations
	1. Do not splice control wires unless there is not other way to make the installation.
	2. Terminate all control wires on terminal blocks in junction boxes, terminal cabinets, control cabinets and in equipment.  Use insulated crimp type tin-plates copper terminals with locking fork ends (upturned leg ends) to terminate control wires on t...
	B. Wet Locations
	1. Do not splice control wires unless there is no other way to make the installation.
	2. Splice conductors with copper (not CU/AL) crimp type compression sleeves.  Cover splices with heat shrink sleeves, Raychem Type WCSM (tubing type sleeves) or Raychem Type CRSM (split sleeve with stainless steel closure spine).

	3.01 PREPARATION
	A. Complete the cable raceway systems and underground duct banks before installing cables.
	B. Verify sizing of raceways and pull boxes to ensure proper accommodation for the cables.
	C. Check the length of the cable raceway system against the length of cable on the selected reel.
	D. Clean conduits of all foreign matter before cables are pulled.

	3.02 INSTALLATION
	A. Wiring Methods
	1. Use XHHW-2 wire for lighting, power and control wiring where conductors are enclosed in raceways like in above ground conduit systems or in underground duct banks.
	2. Do not use solid conductors.
	3. Use conductors not smaller than No. 12 AWG stranded for lighting circuits.
	4. Use conductors not smaller than No. 14 AWG for control circuits, unless specifically directed otherwise on the Contract Drawings.
	5. Splice conductors only where absolutely necessary.  Splices must be minimized.  Use the longest conductor lengths possible to reduce the number of splices.
	6. Splices associated with taps for lighting and control circuits are allowed.
	7. Make splices in accessible junction boxes.

	B. Wire and Cable Identification
	1. Provide wire and cable tags for control wiring ad indicated in Specification Section 16195, Electrical Identification.
	2. Provide color coding tape on power wire and cables without colored insulation or jackets.

	C. Single Conductors in Conduit and Duct bank
	1. Install cables in accordance with the manufacturer's instructions and the National Electrical Code (NEC), Chapter 3 - Wiring Methods and Materials.  Do not exceed maximum wire tension, maximum insulation pressure and minimum bending radius.
	2. Pull cables into conduits using Polywater J pulling lubricant.

	D. Tests
	1. In general, test insulation integrity of the wiring system before terminating.
	2. Make sure to disconnect sensitive electronic equipment before testing insulation.
	3. Use a 500 VDC megohmmeter and perform a megger insulation test on every conductor in accordance with the operating instructions.  Provide a test report for conductors size 4/0 AWG and larger.  Tests for conductors size 250 kcmil and larger shall be...

	E. Termination
	1. After the 600-volt wiring system has been tested with satisfactory results, reconnect wire.
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	1.01 SECTION INCLUDES
	A. Specifications for medium voltage power cable.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Section 16195 – Electrical Identification.

	1.04 REFERENCES
	A. American Society for Testing and Materials (ASTM).
	1. ASTM B3:  Soft or Annealed Copper Wires
	2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium Hard, Soft

	B. Institute of Electrical and Electronics Engineers (IEEE), IEEE 383-2.5.
	C. Insulated Cable Engineers Association (ICEA).
	1. ICEA P-45-482:  Short-Circuit Performance of Metallic Shielding and Sheaths of Insulated Cable.
	2. ICEA S-68-516:  Ethylene-Propylene-Rubber-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy (NEMA WC-8).

	D. Underwriters' Laboratories (UL), UL 1072:  Medium-Voltage (Type MV) Solid-Dielectric Cables
	E. American National Standards Institute/National Fire Protection Association (ANSI/NFPA), 70 National Electrical Code (NEC), Chapter No. 3 - Wiring Methods and Materials.

	1.05 SUBMITTALS
	A. Submit the following under the provisions of Section 01330 - Submittal Procedures.
	1. Completed engineer's data sheets
	2. Completed manufacturer's data sheets
	3. Manufacturer's cut sheets, catalog data
	4. Name of electrical testing company to be employed
	5. Impulse voltage test record
	6. Installation, terminating and splicing procedure
	7. Instruction for handling and storage
	8. Dimensions and weight
	9. Conformance certificate


	1.06 QUALITY ASSURANCE
	A. Tests
	1. Cable shall be tested at the factory to confirm that the cable complies with requirements of Parts 2, 3, 4, and 5 of ICEA S-68-516.  Test methods shall comply with the requirements of Part 6 of ICEA S-68-516.
	2. Where applicable, the cable shall meet the requirements of the vertical tray flame test as described in IEEE 383-2.5.


	1.07 DELIVERY STORAGE AND HANDLING
	A. Ship cable on manufacturer's standard reel sizes unless otherwise specified.  Where cut lengths are specified, mark reel footage accordingly.  Each reel shall contain one continuous length of cable.

	Reels shall be of the type specified on the data sheets.  Provide impact protection by wood lagging or suitable barrier across the traverse of the reel.  Provide moisture protection by manufacturer's standard procedure or heat shrinkable self-sealing ...
	2.01 ACCEPTABLE MANUFACTURERS (If requirements of this specification are satisfied)
	A. Okonite Company
	B. Pirelli Cable Corporation
	C. Rome Cable Corporation
	D. Southwire Corporation

	2.02 MATERIALS AND EQUIPMENT
	A. Design.  Provide cable with the following design characteristics.  Cable shall be UL listed type MV-90, rated at 5 kV with 133% insulation level (115 mils).  Cables will be used on three phase, 60 HZ systems operating at 2.4 kV.
	B. Conductors.  Provide conductors which are bare, uncoated copper, class B stranded per ASTM B3, B8 and B33.
	C. Conductor Shielding.  Use conductor with a shield composed of extruded semi-conducting compound applied in accordance with the Part 2 of ICEA S-68-516.
	D. Insulation.  Conductor insulation shall be extruded ethylene propylene rubber (EPR) with a thickness of 115 mils (5 kV).
	E. Insulation Shielding.  Provide each insulated conductor with an extruded insulation shield consisting of a nonmetallic covering located directly over the insulation and a copper tape shield helically applied over the insulation shield.  The materia...
	1. The short-circuit capacity of the conductor insulation shielding shall be the larger value of either the capacity defined in ICEA P-45-482 or that shown in the following table:

	Shield Diameter Short-Circuit Short-Circuit
	UInchesU UAmps for 8 CyclesU UAmps for 16 Cycles
	1/2 1400 1000
	3/4 2100 1500
	1 2800 2000
	1-1/4 3500 2500
	1-1/2 4200 3000
	1-3/4 5000 3500
	2 5700 4000
	2-1/4 6400 4500
	2-1/2 7100 5000
	2-3/4 7800 5500
	3 8500 6000
	F. Jacket.  When medium voltage power cables are enclosed in conduit, duct or in other raceway systems, the cables shall be of the non-armored type with an overall nonmetallic PVC jacket covering single conductor cables as specified conforming to the ...
	G. Splices.  None will be permitted.
	H. Cable Terminations.  Tyco Electronics, Energy Products Division, Raychem Type HVT-Z for terminations on 5 kV cable.  Use non-skirted heat shrinkable stress control tubing for indoor terminations.
	I. Motor Connections.  Tyco Electronics, Energy Products Division, Raychem GelCap 8 Motor Connection Kits.
	J. Marking.  Mark the jacket of cables as required by paragraphs 201, 202, 203, and 204 of UL 1072, unless otherwise specified.
	K. Pulling lubricant.  Polywater J.

	3.01 PREPARATION
	A. Complete cable raceway systems, underground duct banks, and cable support systems before installing cables.
	B. Verify sizing of raceways and pullboxes to ensure proper accommodation for the cables.
	C. Check the length of the cable raceway system against the length of cable on the selected reel.
	D. Do not install or work on insulated or jacketed cables in temperatures below  32 degrees F.

	3.02 INSTALLATION
	A. Cable in Conduit and Ductbank
	1. Clean conduits of all foreign matter before cables are pulled.
	2. Install cables in accordance with the manufacturer's instructions and the National Electrical Code (NEC).  Do not exceed maximum wire tension, maximum insulation pressure, and minimum bending radius.
	3. Pull cables into conduits using adequate lubrication to reduce friction.  Lubricants must not be harmful to the conductor insulation.

	B. Cable in Tray (Not Used)
	C. Preparation for Termination
	1. Install the minimum number of splices possible.
	2. Make terminations of cables at switchgear and motors as indicated in Paragraph 2.02 of this specification.
	3. Use copper crimp-on terminal lugs and connectors for all sizes of conductors.
	4. Use crimp-on lugs with long barrel and two-hole tongues, except in places where terminations space is limited.

	D. Cable Identification
	1. Attach conduit tags to medium voltage power cables in manholes and at termination points in switchgear, transformer motors, VFDs and similar location.  See Specification Section 16195, Electrical Identification.

	E. Fire Proofing
	1. Fireproof each set of feeder cables which enter a manhole in a conduit (A, B, and C phases) for the entire length exposed in a manhole.  Use 2 layers of Scotch 77 tape with Scotch 69 glass cloth overlay wrapped in the opposite direction.  Provide a...

	F. Tests
	1. Before connecting the medium voltage cables, test insulation integrity.
	2. Contractor shall employ an electrical testing company with minimum 10 years experience in testing industrial electrical equipment, to perform Megger and Partial Discharge tests on newly installed cables.  The technician performing the tests shall h...


	Submit name and qualifications of the electrical testing company and testing technicians for review and approval by owner’s representative prior to testing cables.
	3. The megger test shall be the first test performed.  Use a 10 kV DC megohmmeter, Biddle Megger No. MIT-1020, and perform cable insulation tests in accordance with the operating instructions.  The technician performing the megger test shall determine...
	4. Termination
	a. After the cable has been megger tested with satisfactory results, terminate the medium voltage cable at both ends to designated terminal points.
	b. Tighten connection bolts with a torque wrench to specified torque levels.
	5. The Partial Discharge test shall be the second test performed.  The cable system to be tested shall be energized at the normal system voltage after all splices, terminations and connections to equipment have been made.  The tests shall be made usin...
	6. Record test data for each cable test, complete with signatures of the City Engineer or designated representative who witnesses the testing.  All Megger and Partial Discharge cable tests for the entire project shall be combined in three ring binders...


	END OF SECTION
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	1.01 SECTION INCLUDES
	A. Specifications for instrumentation cable.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.  Include the cost for this work in the lump sum Base Bid Item.

	1.03 RELATED SECTIONS
	A. Section 16195 – Electrical Identification.

	1.04 REFERENCES
	A. American Society for Testing and Materials (ASTM).
	1. ASTM B3:  Soft or Annealed Copper Wires.
	2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium Hard, Soft.
	3. ASTM B33:  Tinned Soft or Annealed Copper Wire for Electrical Purposes.

	B. Institute of Electrical and Electronics Engineers (IEEE), IEEE 383-2.5:  IEEE Standard for Type Test of Class IE Electric Cables, and Field Splices.
	C. Insulated Cable Engineers Association (ICEA).
	1. ICEA S-61-402:  Thermoplastic-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy (NEMA WC-5).
	2. ICEA S-66-524:  Cross-Linked-Thermosetting-Polyethylene-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy (NEMA WC-7).
	3. ICEA S-68-516:  Ethylene-Propylene-Rubber-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy (NEMA WC-8).

	D. Underwriters' Laboratories (UL).
	1. UL 44:  Rubber Insulated Wires and Cables.
	2. UL 83:  Thermoplastic Insulated Wire and Cables.

	E. American National Standards Institute/National Fire Protection Association (ANSI/NFPA), NFPA No. 70 - National Electrical Code (NEC), Chapter No. 3 - Wiring Methods and Materials, Article 725 - Class 1, Class 2, and Class 3 Remote Control, Signalin...

	1.05 SUBMITTALS
	A. Submit the following under the provisions of Section 01330 – Submittal Procedures:
	1. Completed manufacturer's data sheets, cut sheets, and catalog data.
	2. Installation, terminating and splicing procedure (including bending radius and pulling tension data).
	3. Instruction for handling and storage.
	4. Dimensions and weight.


	1.06 QUALITY ASSURANCE
	A. Tests
	1. Cable shall be tested at the factory to confirm that the cable complies with requirements of ICEA Section 7.7.9 of S-66-524 or 7.5.9 of S-68-516.
	2. Where applicable, the cable shall meet the requirements of the vertical tray flame test as described in IEEE 383-2.5.


	1.07 DELIVERY, STORAGE AND HANDLING
	A. Ship cable on manufacturer's standard reel sizes unless otherwise specified.  Where cut lengths are specified, mark reel footage accordingly.  Each reel shall contain one continuous length of cable. Provide impact protection by wood lagging or suit...

	2.01 MANUFACTURERS
	A. Alpha Wire Corporation
	B. Belden Division, Cooper Industries, Inc.
	C. Cablec Continental Cables Company
	D. General Cable Company
	E. Houston Wire and Cable
	F. Manhattan Electric Cable Corporation
	G. Okonite Company
	H. Southwire Corporation

	2.02 MATERIALS AND EQUIPMENT
	A. Design.  Provide cable with the following design characteristics.  The cable shall consist of multiple conductors.  The cable assembly shall be UL listed, flame, oil and sunlight resistant, and certified for continuous operation in wet or dry locat...
	B. Conductors.  Provide conductors which are Class B, concentric stranded, annealed tinned copper whose physical and electrical properties comply with ASTM B3, B8 or B33.
	C. Insulation.  Each conductor shall have 600-volt PVC insulation.  The minimum insulation thickness shall not be less than 15 mils of PVC with a 4 mil nylon jacket with an overall 90 degree C rating.
	D. Drain Wire.  Provide drain wire which is Class B, seven-stranded, tin-coated copper in accordance with ASTM B3, B8, or B33.  The drain wire shall not be less than two AWG sizes smaller than the insulated conductor's size, except for multiple pair t...
	E. Shielding.  Provide shielding consisting of laminated, nonburning, mylar-backed aluminum tape applied helically around a twisted pair or triad with the aluminum side in continuous contact with the drain wire.  Wrap the tape around each twisted pair...
	F. Jacket.  The pair or triad outer jacket shall be a minimum of 60 mils of PVC.
	G. Conductor Identification.  Use individual conductors in single-pair and single-triad cables which are color coded black and white; and black, white and red, respectively. Multi-pair triad cables shall have one conductor in each pair or triad colore...
	H. Cable Marking.  Print cable marking information on the jacket of each cable at 2-foot intervals.  Use a permanent printing method with color sharply contrasting the jacket color.

	2.03 TERMINATIONS
	A. Terminate instrument cables on terminal blocks in junction boxes, terminal cabinets control cabinets and in equipment.  Use insulated crimp type tin-plated copper terminals with locking fork ends (upturned leg ends) to terminate instrument cables o...
	B. Instrument cables shall not be spliced in underground pull boxes.

	2.04 CABLE IDENTIFICATION
	A. Provide cable tags for instrument cables as indicated in Specification Section 16195, Electrical Identification.

	3.01 PREPARATION
	A. Complete cable raceway systems, underground duct banks and cable support systems before installing cables.
	B. Verify sizing of raceways and pullboxes to ensure proper accommodation for the cables.
	C. Check the length of the cable raceway system against the length of cable on the selected reel.
	D. Do not install or work on PVC insulated or jacketed cables in temperatures below 32 degrees F.
	E. Clean conduits of foreign matter before cables are pulled.
	F. Provide at least 25 percent spare pairs or triads.

	3.02 INSTALLATION
	A. Cable in Conduit and Duct bank
	1. Install cables in accordance with the manufacturer's instructions and NEC Article  725 - Class 1, Class 2, and Class 3 Remote Control, Signaling and Power Limited Circuits.  Do not exceed maximum wire tension, maximum insulation pressure and minimu...
	2. Pull cables into conduits using Polywater J lubricant to reduce friction.  Lubricants must not be harmful to the conductor insulation or cable jacket.

	B. Cable in Tray.  (Not Used)
	C. Termination
	1. Do not splice conductors.  Use insulated crimp type tin-plated copper terminals with locking fork ends (upturned leg ends) to terminate cables to terminal blocks.
	2. For shielded control cable, terminate the shield and ground at one end only, preferably at the control panel end for instrument and communication cable and at the supply end for electronic power cables.
	3. Mark wiring on both ends with circuit numbers or loop tag numbers.  Heat shrink wire tags after wire terminals have been installed.

	D. Tests
	1. Before connecting the cables, test insulation integrity and conductor continuity.
	2. Use a 500 VDC megohmmeter and perform the cable insulation test in accordance with the operating instructions.

	E. Termination.  After the 600-volt instrument cable has been tested with satisfactory results, the cable shall be terminated at both ends to the designated terminal points.


	16131
	1.01 SECTION INCLUDES
	A. Specifications for device, pull, and junction boxes.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.  Include the cost for this work in the lump sum Base Bid Item.

	1.03 REFERENCES
	A. American National Standards Institute/National Electrical Manufacturers Association (ANSI/NEMA).
	1. FB1 - Fittings and Support for Conduits and Cable Assemblies
	2. 250 - Enclosures for Electrical Equipment (1000 volts maximum)

	B. American National Standards Institute/National Fire Protection Association (ANSI/NFPA), NFPA70 - National Electrical Code (NEC) - Article 370 - Outlet Device, Pull and Junction Boxes, Conduit Bodies and Fittings.
	C. Underwriters Laboratories (UL):
	1. 50 - Safety Cabinets and Boxes
	2. 508 - Safety Industrial Control Equipment
	3. 514B - Safety Fittings for Conduit and Outlet Boxes
	4. 886 - Safety Outlet Boxes and Fittings for Use in Hazardous Areas


	1.04 SUBMITTALS
	A. Submit the following under provisions of Section 01330 – Submittal Procedures:
	1. Manufacturer's cut sheets, catalog data
	2. Instruction for handling and storage
	3. Installation instructions
	4. Dimensions and weights


	1.05 DELIVERY, STORAGE AND HANDLING
	A. Pack and crate boxes to permit ease of handling and to provide protection from damage during shipping, handling and storage.

	2.01 ACCEPTABLE MANUFACTURERS
	A. Stainless Steel Boxes
	1. Hoffman Industrial Products
	2. Pauluhn Electric Manufacturing Company
	3. Hennessy
	4. Tanco
	5. Tejas
	6. Circle A.W.
	B. Cast Device Boxes
	1. Appleton Electric Company
	2. Crouse-Hinds, Division of Cooper Industries
	3. Killark Electric Manufacturing Company

	2.02 MATERIALS AND EQUIPMENT
	A. Stainless Steel Boxes
	1. Provide UL-approved junction boxes and pull boxes manufactured from Type 316 stainless steel sheet metal and meeting requirements of NEMA 4X for corrosive and wet area, NEMA 250 and NEC Article 370.
	2. Provide boxes with a Type 316 stainless steel continuous hinge, closure hasps and all- stainless steel hardware.
	3. Furnish the door with neoprene gasket and provision for padlock.
	B. Device Boxes
	1. Provide UL-approved boxes designed and manufactured to house electrical devices like receptacles and switches, and in conformance with NEMA FB1 and NEC Article 370.
	2. Supply boxes that are cast aluminum or 316 stainless steel, suitable for corrosive and wet atmosphere.
	C. Hardware
	1. Mounting Hardware:  Type 316 Stainless steel
	2. Conduit Connectors:  Watertight as manufactured by Myers Hubs, or equal.

	3.01 PREPARATION
	A. Review the drawings and determine how many boxes of each kind are required and check if supplied quantity is sufficient.

	3.02 INSTALLATION
	A. Boxes described in this specification shall be used both in dry and wet, corrosive areas, both inside and outside locations.
	B. Install boxes in accordance with NEC Article 370 in locations indicated on the Contract Drawings.
	C. Install junction and pull boxes in readily accessible places to facilitate wire pulls, maintenance and repair.
	D. Plug unused conduit openings.
	E. Make conduit connections to sheet metal boxes with watertight conduit connectors.


	16161
	1.01 SECTION INCLUDES
	A. Specifications for panelboards.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.  Include the cost for this work in the lump sum Base Bid Item.

	1.03 REFERENCES
	A. American National Standards Institute/National Electrical Manufacturers Association (ANSI/NEMA)
	1. NEMA AB1:  Molded Case Circuit Breakers
	2. NEMA PB1:  Panelboards
	3. NEMA PB1.1:  Instruction for Safe Installation Operation and Maintenance of Panelboards rated 600 volts or less.
	4. NEMA PB1.2:  Application Guide for Ground-fault Protective Devices for Equipment

	B. Federal Specifications, FS W-C-375A:  Circuit Breakers, Molded Case, Branch Circuit and Service.
	C. American National Standards Institute/National Fire Protection Association (ANSI/NFPA), NFPA No. 70 - National Electrical Code (NEC), Article 384 - Switchboards and Panelboards.

	1.04 SUBMITTALS
	A. Submit the following under provisions of Section 01330 – Submittal Procedures:
	1. Manufacturer's cut sheets and catalog data
	2. Breaker arrangement
	3. Breaker characteristic curves
	4. Instruction for handling and storage
	5. Installation instructions
	6. Dimensions and weights


	1.05 DELIVERY, STORAGE AND HANDLING
	A. Have panelboards packed and crated to permit ease of handling and to provide protection from damage during shipping, handling and storage.

	2.01 ACCEPTABLE MANUFACTURERS
	A. Cutler-Hammer
	B. General Electric
	C. Siemens Energy and Automation
	D. Square D Company

	2.02 MATERIALS AND EQUIPMENT
	A. Basic Requirements
	1. Use panelboards manufactured and tested in accordance with NEMA PB 1.
	2. Provide circuit breakers of industrial grade, manufactured and tested in accordance with NEMA AB 1 and Federal Specification FS W-C-375.
	3. Do not exceed 42 available single pole branch circuits in any one panelboard.
	B. Rating
	1. Voltage rating, current rating, number of phases, number of wires and number of poles are indicated on Contract Drawings.
	2. Branch circuit breaker interrupting capacity shall be minimum 10,000 ampere RMS symmetrical for 208V, and 240V; 25,000 ampere RMS symmetrical for 277V and 480V.
	C. Circuit Breakers:  Molded case, bolt-on thermal magnetic type with number of poles and trip ratings as shown on the Contract Drawings.  Provide ground fault interrupters with trip rating where shown on the Contract Drawings.
	D. Bus System
	1. Bus Bars:  98 percent conductivity copper.   Provide a solid neutral bar in 4-wire panelboards.  Include ground bus in all panels.  Provide split-bus panels where shown on Contract Drawings.
	2. Main:  Circuit breaker or main lugs only as indicated on the Contract Drawings or as required to meet the current interrupting ratings.
	E. Box and Trim
	1. Construction:  Code grade steel, ample gutter space, flush door, flush snaplatch and lock.
	2. Trim:  Surface or flush as required.  Enclose panelboards located outdoors, or in other wet and corrosive areas in NEMA 4X weatherproof Type 316 stainless steel enclosures.  Enclose indoor panelboards in a NEMA 1 enclosure with manufacturer's stand...
	3. Directory:  Typed card, with glass cover in frame on back of door giving the circuit numbers and the area or equipment served.
	F. Conduit Connectors:  Watertight as manufactured by Myers Hubs, or equal.

	3.01 PREPARATION
	A. Review Drawings to verify that panelboards are correct for the application.

	3.02 INSTALLATION
	A. Install the panelboard in accordance with NEMA PB 1.1 and NEC Article 384.
	B. Mount panelboards 6'-0" (to top of cabinet) above finished floor or grade.
	C. In wet and corrosive areas, including outdoor locations, install panel enclosures on spacers to provide approximately 1/4-inch between back of cabinet and mounting surface.
	D. In wet and corrosive areas, including outdoor locations, connect conduit to the bottom of enclosure and to the lower 30 percent of the sides using watertight connectors.


	16402
	1.01 SECTION INCLUDES
	A. Underground electrical duct banks.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be provided for work performed under this Section.  Include the cost for this work in the lump sum base bid.
	B. Refer to Section 01270 – Measurement and Payment.
	C. Under Section 00410, Part B, Paragraph C, Item No. 1, Contractor is required to provide a unit price for a specified quantity of ductbanks, specified under this section. This Bid Item is included to provide a price for additional quantities of duct...

	1.03 RELATED WORK
	A. Section 16195 – Electrical Identification.
	B. Section 16111 – Conduit, Fittings and Bodies.

	1.04 REFERENCES
	A. National Fire Protection Association (NFPA):  No. 70 - National Electrical Code (NEC) Appendix B.

	1.05 SUBMITTALS
	A. Catalog cut sheets of the ducts and spacers.

	1.06 DELIVERY, STORAGE AND HANDLING
	A. Have duct spacers and associated hardware packed and crated to avoid damage during shipment and handling.
	B. Clearly mark packages or crates stating that the material is for electrical duct banks only.

	1.07 DEFINITION
	A. A duct bank is one or more electrical conduits grouped together and surrounded by a common encasement of concrete.

	2.01 ACCEPTABLE MANUFACTURERS
	A. Thomas and Betts.
	B. Underground Devices Inc.
	C. Walker Division, Butler Manufacturing Company.

	2.02 MATERIALS AND EQUIPMENT
	A. Conduit.  Construct ducts using Schedule 40 rigid PVC conduit for straight horizontal runs and for bends less than 15 degrees.  For horizontal bends 15 degrees and greater and all stub-ups, use epoxy fiberglass conduit.  Refer to Section 16111 - Co...
	B. Spacers.  Secure conduit with non-magnetic, universal, interlocking-type spacers for both horizontal and vertical duct arrangements.
	C. Concrete.  Use Grade 40 steel reinforced, Class A red concrete as duct encasement.  Single conduit duct banks do not require steel reinforcement, but do require Class A red concrete encasement.  Refer to Section 03315 – Concrete for Utility Constru...

	3.01 PREPARATION
	A. Verify from Contract Drawings and field survey that the location of duct banks does not interfere with any existing or new underground facilities.
	B. Verify that materials are on site in proper condition and that sufficient quantity is on hand for the work.
	C. Verify that trenches are in the correct places and prepared with sufficient depth and width to accommodate the duct banks, reinforcing rod, and concrete.
	D. Be prepared for inspection of the duct banks before reinforcing rod is installed.
	E. Before pouring concrete, verify that the ducts are free of debris and properly installed in the support and spacer systems and that the ducts are properly fitted together and firmly held in place by the hold down hardware.
	F. Provide 24-hour notice to City Engineer and the Local Code Inspector for cover-up inspection before pouring electrical conduit ductbanks.

	3.02 INSTALLATION
	A. Use the size of conduit as indicated on the Contract Drawings for the various duct banks required for the project.  Conduit type is indicated in Section 16111 – Conduit, Fittings and Bodies.  Refer to Section 02317 – Excavation And Backfill For Uti...
	B. Make duct bank installations and penetrations through foundation walls watertight.
	C. Assemble duct banks using non-magnetic saddles, spacers and separators.  Position separators to provide 2-inch minimum concrete separation between the outer surfaces of the conduits.
	D. Provide a 3-inch minimum structural concrete covering on both sides, top and bottom of concrete envelopes around conduits.  Add red dye at the rate of 10 pounds per cubic yard to concrete used for envelopes for easy identification during subsequent...
	E. Firmly fix ducts in place during pouring of concrete.  Carefully spade and vibrate the concrete to ensure filling of spaces between ducts.
	F. Make bends with sweeps of radius not less than 12 times the smallest diameter of the raceway.
	G. Make a transition from Schedule 40 PVC to epoxy fiberglass conduit where duct banks enter structures or turn upward for continuation above grade.
	H. Make bends of 15 degrees or more using epoxy fiberglass conduit.
	I. Reinforce all duct banks with two or more ducts.  Single conduit duct banks do not require steel reinforcement.
	1. Unless otherwise noted on the Contract Drawings, reinforce with No. 5 longitudinal steel bars placed at each corner and along each face at a maximum parallel spacing of 12 inches on centers, and No. 4 stirrups transversely placed at 36-inch maximum...
	2. Maintain a maximum clearance of 2 inches from bars to the edge of the concrete encasement.

	J. Where ducts enter structures such as handholes, manholes, pullboxes, or buildings, terminate the ducts in suitable end bells, insulated L-bushings, Meyers hubs or couplings on steel conduits.  Tag conduit entering pull boxes and manholes with stamp...
	K. Do not backfill with material containing large rock, paving materials, cinders, large or sharply angular substances, corrosive material, or other materials which can damage or contribute to corrosion of ducts or prevent adequate compaction of fill.
	L. After completion of the duct bank and prior to pulling cable, pull a mandrel, not less than 12 inches long and with a cross section approximately one-fourth inch less than the inside cross section of the duct, through each duct.  Then pull a rag sw...
	M. Use hemp rope to pull conductors into PVC conduit.  Do not use nylon or wire cable for this purpose.
	N. Install a warning ribbon approximately 12 inches below finished grade over underground duct banks.  Refer to Section 16195 - Electrical Identification.
	O. For manholes and pull boxes below grade, install non-metallic cable racks to support cables properly around the perimeter of the manholes or pull box.


	16460
	1.01 SUMMARY
	A. Section Includes:
	1. General purpose, dry type transformers.
	2. Drive isolation transformers.
	3. Control and signal transformers.


	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.  Include the cost for this work in the lump sum Base Bid Item.

	1.03 REFERENCES
	A. American National Standards Institute, Inc./Institute of Electrical and Electronics Engineers (ANSI/IEEE):
	1. ANSI/IEEE C2-90 – National Electrical Safety Code.
	2. ANSI/IEEE C57.12.80-78 – Standard Terminology for Power and Distribution Transformers.

	B. National Electrical Manufacturers Association (NEMA):
	1. NEMA LA 1-86 – Surge Arrestors.
	2. NEMA ST 1-88 – Specialty Transformers (Except General-Purpose Type).
	3. NEMA ST 20-86 – Dry-Type Transformers for General Applications.

	C. Underwriters Laboratories, Inc. (UL):
	1. UL 486A-80 – Wire Connectors and Soldering Lugs for Use with Copper Conductors.
	2. UL 506-89 – Specialty Transformers.


	1.04 SUBMITTALS
	A. Submit the following for Engineer’s approval.
	B. Product Data:
	1. Dimensional plans and sections.
	2. Elevations showing minimum clearances.
	3. Installed devices.
	4. Materials list.
	5. Weights.
	6. Wiring diagrams.
	7. Manufacturer's nameplate data and electrical ratings.

	C. Product Test Reports:
	1. Certified copies of manufacturer's design and routine factory tests required by reference standards.
	2. Submit after manufacture of transformer and before installation.


	1.05 QUALITY ASSURANCE
	A. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing Laboratory (NRTL).
	1. Terms "NRTL" shall be as defined in OSHA Regulation 1910.7.
	2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

	B. Regulatory Requirements:
	1. National Electrical Code (NEC):  Components and installation shall comply with National Fire Protection Association (NFPA) 70.

	C. ANSI/IEEE Compliance:  Comply with applicable requirements of ANSI/ IEEE standards, including ANSI/IEEE C2 and C57.12.80.

	2.01 MANUFACTURERS
	A. Cutler Hammer
	B. General Electric
	C. Siemens Energy & Automation
	D. Square D

	2.02 TRANSFORMERS, GENERAL
	A. Transformers:
	1. Factory-assembled and tested, air-cooled units of types specified, having characteristics and ratings as indicated.
	2. Design unit for 60 Hz service.
	B. Cores:  Grain-oriented, non-aging silicon steel.
	C. Coils:  Continuous windings without splices, except for taps.
	D. Internal Coil Connections:  Brazed or pressure type.
	E. Bolt coil/core to bottom of enclosure for transformers larger than 15 kVA.
	1. Isolated by rubber, vibration-absorbing mounts.
	2. Metal-to-metal contact between coil/core and enclosure not allowed.
	F. Provide copper windings.
	G. Nameplates:  Provide metal nameplate listing manufacturer's name, serial number, type, class, kVA voltage, frequency, and showing internal wiring diagram.
	H. Sound Level:  Minimum 3 dB less than sound levels for transformer type and size indicated when factory-tested in accordance with NEMA ST 20.

	2.03 GENERAL PURPOSE, DRY TYPE TRANSFORMERS
	A. Comply with NEMA ST 20.
	B. Windings:  2-winding type.  3-phase transformers shall use 1 coil/ phase in primary and secondary.
	C. Transformers shall have following features and ratings.
	1. Enclosure:  Indoor, ventilated unless otherwise shown on Contract Drawings.
	2. Insulation Class:  185oC or 220oC class for transformers 15 kVA or smaller; 220oC class for transformers larger than 15 kVA.
	3. Insulation Temperature Rise:  80oC maximum rise above 40oC for 15 kVA and larger; 115oC maximum rise above 40oC below 15 kVA.
	4. Taps:  For transformers 3 kVA and larger, full capacity taps in high voltage winding as follows.
	a. 3 through 10 kVA:  Two 5% taps below rated high voltage.
	b. 15 through 500 kVA:  Six 2-1/2% taps, 2 above and 4 below rated high voltage.
	c. 750 through 1,000 kVA:  Four 2-1/2% taps, 2 above and 2 below rated high voltage.
	D. Accessories:  Following accessory items are required where shown on Contract Drawings.
	1. Surge Arresters:  Low voltage type, factory-installed and connected to high voltage terminals; complying with NEMA LA 1.
	2. Wall Mounting Brackets:  Manufacturer's standard brackets for transformers sized up to 75 kVA where wall mounting indicated.
	3. Electrostatic Shielding:  Insulated metallic shield between primary and secondary windings.  Connect to terminal marked "shield" for grounding connection, where applicable.

	2.04 DRIVE ISOLATION TRANSFORMERS
	A. Comply with requirements of NEMA ST 1 and UL 506, except as specified below.
	B. Ratings:
	1. As indicated and continuous duty.
	2. Minimum kVA:  130% of motor nameplate hp.
	C. Type:
	1. Self-cooled, 2-winding, dry type especially designed for application, with special coil bracing to withstand electro-mechanical forces involved.
	2. 3-ph transformers shall use 1 coil/phase in primary and secondary.
	D. Transformers shall have following features and ratings.
	1. Enclosure:  Indoor, ventilated unless otherwise shown on Contract Drawings.
	2. Insulation Class:  220oC class.
	3. Insulation Temperature Rise:  115oC at 115% of rating.
	4. Taps:  Two 5% full capacity taps, 1 above and 1 below rated high voltage.
	5. Temperature Sensing Device:  Thermistor embedded in coil with leads brought out to terminal board.

	2.05 CONTROL AND SIGNAL TRANSFORMERS
	A. Comply with NEMA ST 1 and UL 506.
	B. Ratings:
	1. As indicated and for continuous duty.
	2. Where rating not indicated, provide 125% of load.
	C. Type:  Self-cooled, 2-winding dry type.
	D. Enclosure:  Indoor, except as indicated.

	3.01 INSTALLATION
	A. Arrange equipment to provide adequate spacing for cooling air circulation.
	B. Tighten electrical connectors and terminals in accordance with manufacturer's published torque-tightening values.  Where manufacturer's torque values not indicated, use those specified in UL 486A and 486B.
	C. Install wall-mounted transformers on prefabricated brackets designed for purpose.
	D. Install floor-mounted transformers on vibration pads on 3-1/2-inch concrete housekeeping pad.
	E. Touch up scratched or marred surfaces to match original finish.
	F. Identify transformers as specified herein.
	G. Install lightning arresters as shown on Contract Drawings.

	3.02 FIELD QUALITY CONTROL
	A. Test and permanently record as follows.
	1. Prior to energization of transformers, test phase-to-phase and phase-to-ground insulation resistance levels.
	2. Test transformers for continuity of circuits and short-circuits.


	3.03 ADJUSTING
	A. Adjust transformer taps to provide optimum voltage conditions at utilization equipment.

	3.04 CLEANING
	A. Upon completion of installation, inspect interiors and exteriors of accessible components.
	1. Remove paint splatters and other spots, dirt, and construction debris.
	2. Touch up scratches and mars of finish to match original.


	3.05 PROTECTION
	A. Temporary Heating:  Comply with manufacturer's written recommendations within enclosure of each transformer throughout periods during which equipment is not in a space continuously under normal control of temperature and humidity.
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	PART 1: GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Overcurrent protective devices (OCPDs) rated 600 V and below and switching devices commonly associated with OCPDs.

	B. Circuit breakers installed in panelboards are specified in Section 16161 – Panelboards.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.  Include the cost for this work in the lump sum Base Bid Item.

	1.03 REFERENCES
	A. National Electrical Manufacturers Association (NEMA).
	1. NEMA KS 1 83 - Enclosed Switches.
	2. NEMA 250 85 - Enclosures for Electrical Equipment (1000 Volts Maximum).
	3. NEMA FU1 86 - Low Voltage Cartridge Fuses.
	4. NEMA AB1 86 - Molded Case Circuit Breakers and Molded Case Switches.

	B. National Fire Protection Association (NFPA):
	1. NFPA 70 90 - National Electrical Code (NEC).

	C. Underwriters Laboratory (UL):
	1. UL 98 87 - Enclosed and Dead Front Switches.
	2. UL 198C 86 - High-Interrupting Capacity Fuses, Current-Limiting Types.  Fifth Edition.
	3. UL 198E 88 - Class R Fuses.  Fourth Edition.
	4. UL 486A 80 - Wire Connectors and Soldering Lugs for Use with Copper Conductors.  Seventh Edition.
	5. UL 489 86 - Molded-Case Circuit Breakers and Circuit-Breaker Enclosures.  Seventh Edition.
	6. UL 943 85 - Ground-Fault Circuit Interrupters. Second Edition.
	7. UL 977 84 - Fused Power-Circuit Devices.  Third Edition.
	8. UL 198L 88 - UL Standard for Safety D C Fuses for Industrial Use.


	1.04 DEFINITIONS
	A. Overcurrent Protective Device (OCPD):  Device operative on excessive current that causes and maintains interruption of power in circuit it protects.
	B. Ampere-Squared-Seconds:  Expression of available thermal energy resulting from current flow.  With regard to current-limiting fuses and circuit breakers, ampere-squared-seconds during fault current interruption represents energy allowed to flow bef...

	1.05 SUBMITTALS
	A. Submit all products covered under this specification for Engineer’s approval.
	B. Shop Drawings:
	1. Spare fuse cabinet showing dimensions and features including storage provision for fused cartons, where indicated to be provided in the project documents.

	C. Product Data:
	1. Product data for fuses, fusible switches, circuit breakers, and OCPD accessories specified in this Section, including descriptive data and time-current curves for protective devices and let through current curves for those with current limiting cha...
	2. Include coordination charts and tables and related data.

	D. Test Results:
	1. Certified reports of field tests and observations.


	1.06 QUALITY ASSURANCE
	A. Items provided under this section shall be listed and labeled by UL or other Nationally Recognized Testing Laboratory (NRTL).
	1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
	2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

	B. Regulatory Requirements:
	1. Components and Installation:
	a. NFPA 70 "National Electrical Code (NEC)."
	b. Local codes and ordinances.


	C. Single-Source Responsibility:  Obtain similar OCPDs from single manufacturer.
	D. Coordinate OCPD sizes with characteristics of motors supplied for this project.  Pay special attention to high efficiency motors.

	1.07 MAINTENANCE
	A. Extra Materials:
	1. Maintenance Stock, Fuses:  For types, voltage, and ampere ratings required, furnish 10% spare fuses, but not less than 1 set of 3 of each kind.


	2.01 OVERCURRENT PROTECTIVE DEVICES (ocpds), GENERAL
	A. General:  Provide OCPDs in indicated types, as integral components of panelboards, switchboards, and motor control centers; and also as individually enclosed and mounted single units.
	B. Enclosures:  NEMA 250.

	2.02 GENERAL FUSES
	A. General:  Provide fuses of types, classes, and current ratings as indicated.  Voltage ratings shall be consistent with circuits on which used.
	B. Fuses for Direct Current Circuits:  UL 198L and marked for such use by manufacturer on fuse label.
	C. Cartridge Fuse:
	1. Manufacturers:
	a. Bussmann Div., Cooper Industries, Inc.
	b. Gould Shawmut.
	c. Littelfuse Inc.
	2. NEMA Standard FU1, unless indicated otherwise, provide nonrenewable cartridge fuses of indicated types, classes, and current ratings that have voltage ratings consistent with circuits on which used.
	3. Class CC Fuses:  UL 198C.
	4. Class J Fuses:  UL 198C.
	5. Class L Fuses:  UL 198C.
	a. Current limiting threshold of 10 times current rating or less and time delay of 4 sec at 5 times rating.
	6. Class RK1 and RK5 Dual Element Time-Delay Fuses:  UL 198E.
	7. Class RK1 Fast-Acting Fuses:  UL 198E.

	2.03 FUSIBLE SWITCHES
	A. Acceptable Manufacturers:
	1. Cutler Hammer
	2. General Electric
	3. Siemens
	4. Square D Co.
	B. UL 98 and NEMA KS 1 quick-make, quick-break heavy-duty units.
	C. Rating:  Load-breaking capacity in excess of normal horsepower rating for switch.
	D. Withstand Capability:  In excess of let through current permitted by its fuse when subject to faults up to 100,000 RMS symmetrical amperes.
	E. Operation:  By means of external handle.
	F. Interlock:  Prevents access to switch interior except when in "off" position.
	G. Fuse Clips:  Rejection type.
	H. Padlocking Provisions:  For 2 padlocks, whether open or closed.
	I. Enclosure for Switchboard or Panelboard Mounting:  Suitable for panel mounting where indicated.
	J. Enclosure for Switchboard Mounting:  Provide individual mounting where indicated.
	K. Enclosure for Independent Mounting:  NEMA Type 0 as indicated or required to suit environment where located.

	2.04 MOLDED-CASE CIRCUIT BREAKERS
	A. Acceptable Manufacturers:
	1. Cutler Hammer
	2. General Electric
	3. Siemens
	4. Square D Co.
	B. UL 489 and NEMA AB 1.
	C. Construction:  Bolt in type, except breakers in load-center-type panelboards and breakers 225 ampere frame size and larger may be plug in type if held in place by positive locking device requiring mechanical release for removal.
	D. Characteristics:  Indicated frame size, trip rating, number of poles, and short-circuit interrupting capacity rating of 10,000 amperes symmetrical, unless greater rating is indicated on Drawings.
	E. Tripping Device:  Quick-make, quick-break toggle mechanism with inverse-time delay and instantaneous overcurrent trip protection for each pole.
	F. Adjustable Instantaneous Trip Devices:  Factory adjusted to low-trip-setting current values.
	G. Enclosure for Switchboard or Panelboard Mounting:  Suitable for panel mounting in switchboard or panelboards where indicated.
	H. Enclosure for Switchboard or Motor Control Center Mounting:  Provide individual mounting where indicated.
	I. Enclosure for Independent Mounting:  NEMA Type 1 enclosure, as indicated or required to suit environment where located.

	2.05 INSULATED-CASE CIRCUIT BREAKERS
	A. Acceptable Manufacturers:
	1. Cutler Hammer
	2. General Electric
	3. Siemens Energy and Automation
	4. Square D Co.
	B. UL 489 and NEMA AB 1.
	C. Ratings:  Continuous-current, interrupting, and short-time-current ratings, and voltage and frequency ratings as indicated.
	D. Operating Mechanism:  Mechanically and electrically trip-free, stored-energy operating mechanism with following features:
	1. Moving Contacts Closing Speed:  Independent of both control and operator.
	E. Circuit-Breaker Features and Accessories:  Include following:
	1. Operating Handle:  Provide 1 for each manually operated breaker.  No handle ties are permitted.

	3.01 INSTALLATION
	A. Fuses:
	1. Install fuses in fusible devices indicated.

	B. Independently Mounted OCPDs:
	1. Locate as indicated and install in accordance with manufacturer's written installation instructions.

	C. Factory install OCPDs furnished in distribution equipment.
	D. Coordinate size overcurrent protective devices with each motor and equipment manufacturer to assure correct size devices and provide accordingly.

	3.02 APPLICATION OF FUSES
	A. Control Circuits:  Class CC, time delay.
	B. General Purpose Fusible Switches:  Apply following class and types:
	1. 30 600 Amperes:  Class J or RK1, time delay.

	C. Combination Starters:  Class J or RK1, time delay.

	3.03 IDENTIFICATION
	A. Identify with components as specified in Section 16195.

	3.04 CONTROL WIRING INSTALLATION
	A. Install wiring between OCPDs and control/indication devices as specified in Section 16120 for hard wired connections.

	3.05 CONNECTIONS
	A. Check connectors, terminals, bus joints, and mountings for tightness.
	B. Tighten field-connected connectors and terminals, including screws and bolts, in accordance with equipment manufacturer's published torque tightening values.  Where manufacturer's torquing requirements are not indicated, tighten connectors and term...

	3.06 GROUNDING
	A. Provide equipment grounding connections for individually mounted OCPD units as indicated and as required by NEC.  Tighten connectors to comply with tightening torques specified in UL Standard 486A to assure permanent and effective grounding.
	B. Ground in accordance with Section 16170.

	3.07 COORDINATION STUDY
	A. Where coordination study recommends changes in types, classes, features or ratings of equipment or devices those indicated, make written request for instructions.  Obtain instructions from Engineer before ordering equipment or devices recommended t...

	3.08 FIELD QUALITY CONTROL
	A. Manufacturer's Field Services:
	1. Supplier's or manufacturer's technician for equipment specified herein shall be present at job site or classroom designated by Owner for minimum of ½ workday, travel time excluded, for assistance during plant construction, plant startup, equipment ...

	1. 1/2 manday for Instructional Services.
	2. Supplier or manufacturer shall direct services to specific system and equipment operation, maintenance, and troubleshooting.
	B. Testing:
	1. Reports:  Prepare certified written reports on tests and observations.  Report defective materials and workmanship and unsatisfactory test results.
	2. Pretesting:  Upon completing installation of system, perform following preparations for tests:

	1. Make insulation resistance tests of OCPD buses, components, and connecting supply, feeder, and control circuits.
	2. Make continuity tests of circuits.
	3. Include full updating on final system configuration and parameters where they supplement or differ from those indicated in original Contract Documents.
	4. Comply with manufacturer's instructions for installation and testing of OCPDs.
	3. Visual and mechanical inspection:  Include following inspections and related work.

	1. Overcurrent-Protective-Device Ratings and Settings:  Verify indicated ratings and settings to be appropriate for final system arrangement and parameters.  Where discrepancies are found, test organization shall recommend final protective device rati...
	2. Inspect for defects and physical damage, NRTL labeling, and nameplate compliance with current single line diagram.
	3. Exercise and perform operational tests of mechanical components and other operable devices in accordance with manufacturer's instruction manual.
	4. Check tightness of electrical connections of OCPDs with calibrated torque wrench.  Refer to manufacturer's instructions for proper torque values.
	5. Clean OCPDs using manufacturer's approved methods and materials.
	6. Verify installation of proper fuse types and ratings in fusible OCPDs.

	3.09 CLEANING
	A. Upon completion of installation, inspect OCPDs.  Remove paint splatters and other spots, dirt, and debris.  Touch up scratches and mars of finish to match original finish.
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	1.01 SUMMARY
	A. Section Includes:
	1. Service disconnects.
	2. Feeder and equipment disconnects.
	3. Enclosed circuit breakers.


	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.  Include the cost for this work in the lump sum Base Bid Item.

	1.03 SUBMITTALS
	A. Submit the following for Engineer’s approval.
	B. Product Data:
	1. Submit for switches, circuit breakers, and accessories.
	2. Descriptive data and time current curves for protective devices and let through current curves for those devices with current limiting characteristics.  Include coordination charts and tables, and related data.

	C. Shop Drawings:
	1. Wiring diagrams detailing power and control wiring and differentiating clearly between manufacturer-installed wiring and field installed wiring.

	D. Test Results:
	1. Field test reports indicating and interpreting test results.

	E. Operating and Maintenance Data:
	1. Maintenance data for tripping devices.


	1.04 QUALITY ASSURANCE
	A. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing Laboratory (NRTL).
	1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
	2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

	B. Regulatory Requirements:
	1. National Electrical Code (NEC):  Components and installation shall comply with National Fire Protection Association (NFPA) 70.

	C. Single Source Responsibility:  Enclosed switches and circuit breakers shall be product of a single manufacturer.

	2.01 MANUFACTURERS
	A. Fusible Switches:
	1. Cutler Hammer
	2. General Electric
	3. Siemens Energy & Automation
	4. Square D
	B. Molded Case Circuit Breakers:
	1. Cutler Hammer
	2. General Electric.
	C. Siemens Energy & Automation
	D. Square D

	2.02 ENCLOSED SWITCHES
	A. Enclosed Non-fusible Switch:  NEMA KS 1, Type HD handle lockable with 2 padlocks.
	B. Enclosed Fusible Switch, 800 Amperes and Smaller:  NEMA KS 1, Type HD, clips to accommodate specified fuses, enclosure consistent with environment where located, handle lockable with 2 padlocks, and interlocked with cover in CLOSED position.

	2.03 ENCLOSED CIRCUIT BREAKERS
	A. Enclosed Molded Case Circuit Breaker:  NEMA AB 1, handle lockable with 2 padlocks.
	B. Characteristics:
	1. Frame size, trip rating, number of poles, and auxiliary devices as indicated
	2. Interrupting capacity rating to meet available fault current, 10,000 symmetrical rms amperes minimum
	3. Appropriate application listing when used for switching fluorescent lighting loads or heating, air conditioning, and refrigeration equipment.

	3.01 INSTALLATION
	A. Install enclosed switches and circuit breakers in locations as indicated, according to manufacturer's written instructions.
	B. Install enclosed switches and circuit breakers level and plumb.
	C. Install wiring between enclosed switches and circuit breakers and control/indication devices.
	D. Connect enclosed switches and circuit breakers and components to wiring system and to ground as indicated and instructed by manufacturer. Tighten connectors and terminals, including screws and bolts according to equipment manufacturer's published t...

	3.02    FIELD QUALITY CONTROL
	A. Manufacturer’s Field Services:
	1. Supplier’s or manufacturer’s representative for equipment specified herein shall be present at job site or for assistance during plant construction, plant startup, and training of Owner’s personnel for plant operation.

	B. Testing:  After installing enclosed switches and circuit breakers and after electrical circuitry has been energized, demonstrate product capability and compliance with requirements.
	1. Procedures:  Perform each visual and mechanical inspection and electrical test stated in NETA Standard ATS, Section 7.5 for enclosed switches and Section 7.6 for molded case circuit breakers.  Certify compliance with test parameters.
	2. Correct malfunctioning units at site, where possible, and retest to demonstrate compliance; otherwise, remove and replace with new units, and retest.

	C. Training:
	1. Train Owner’s maintenance personnel on procedures and schedules for startup and shutdown, troubleshooting, servicing, and preventive maintenance.
	2. Review operating and maintenance data.


	3.03   ADJUSTING
	A. Set field adjustable enclosed switches and circuit breaker trip ranges as indicated.

	3.04 CLEANING
	A. After completing system installation, including outlet fittings and devices, inspect exposed finish.  Remove burrs, dirt, and construction debris and repair damaged finish including chips, scratches, and abrasions.






