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EXECUTIVE SUMMARY

Geotest Engineering, Inc. (Geotest) has completed a geotechnical investigation for the

proposed Westway Wastewater Treatment Plant Improvements in Houston, Texas.

The project includes design and construction of a new clarifier approximately 65 feet in
diameter, scum and sludge pump stations and associated piping. The proposed clarifier is
approximately 18.6 feet high and approximately 11 to 17 feet below grade. The piping includes
installation of approximately 400 linear feet of 30-inch diameter sanitary sewer line. The sanitary

sewer line will be placed approximately 13 feet deep.

This study included drilling and sampling four (4) soil borings (GB-1 through GB-4) to
depths ranging from 20 to 100 feet below the existing grade, installing one (1) piezometer,
performing appropriate laboratory tests on samples recovered from the borings, performing
engineering analyses and developing geotechnical recommendations for proposed clarifier, scum and

sludge pump stations and sanitary sewer line and preparation of a geotechnical report.

The principal findings developed from this investigation are summarized below:

1. Based on the available information from U.S. Geological Survey (USGS) Maps and in-
house records relating to geologic faults for the project site, no known documented fault
exists near the project site. The nearest known faults are the Long Point Fault located
approximately 2 miles south and Fairbanks Addicks Fault System located approximately

2.5 miles northwest of the project site.

2. Based on the borings GB-1 through GB-4 drilled at the location of proposed clarifier,
scum and sludge pump stations and the sanitary sewer line, the generalized subsurface
soils below the existing grade consists of cohesive soils with intermittent cohesionless

soils to explored depths of 20 to 100 feet. The cohesive soils consist of medium stiff to

1
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hard dark gray, gray, brown, yellowish brown and reddish brown fat clay, lean clay and
sandy lean clay. The cohesionless soils consist of loose to very dense brown and gray,
reddish brown and gray silty sand and fine sand with silt. Fill material consisting of
medium stiff to very stiff brown and gray sandy lean clay with grass roots was
encountered to depths ranging from 1 to 3 feet in borings GB-1, GB-3 and GB-4. The
detailed subsurface conditions are presented in Section 4.0 “General Subsurface

Conditions”.

3. Free water was first encountered during drilling at a depth of 14 feet below existing grade
and water levels measured 15 minutes after water first encountered ranged from 10.3 to
11.9 feet below the existing grade in borings GB-1 through GB-4. The water level was
measured at a depth of 12.2 feet in piezometer GB-1P on August 31, 2015.

4. All excavation operations should be in accordance with OSHA Standards. Based on soil
conditions revealed by soil borings, OSHA soil type “C” should be used for the

determination of allowable maximum slope and/or the design of a shoring system.

5. The geotechnical recommendations for the clarifier, scum and sludge pump stations and

30-inch sanitary sewer line are provided in Section 5.0 of this report.

6. The foundation excavation and groundwater control are provided under Construction

Considerations in Section 6.0 of this report.
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1.0 INTRODUCTION
1.1 General

Geotest Engineering, Inc. (Geotest) has completed a geotechnical investigation for the

proposed Westway Wastewater Treatment Plant Improvements in Houston, Texas.

1.2 Authorization

This study was authorized by Subcontract for Consultant Services Agreement between LJA
Engineering, Inc. and Geotest Engineering, Inc. dated July 14, 2015 by accepting our Proposal No.
1140366999 dated June 24, 2015.

1.3 Location and Description of Project

The project is located at 10273 Genard Road in Houston, Texas, within the Key Map Page
and Grid 450 A.

The project includes design and construction of a new clarifier approximately 65 feet in
diameter, scum and sludge pump station and associated piping. The proposed clarifier is
approximately 18.6 feet high and approximately 11 to 17 feet below grade. The piping includes
installation of approximately 400 linear feet of 30-inch diameter sanitary sewer line. The sanitary

sewer line will be placed approximately 13 feet deep. A vicinity map is shown on Figure 1.

1.4 Purpose and Scope

The purposes of this investigation were to explore the subsurface conditions at the proposed
site and to develop geotechnical recommendations for the design and construction of the proposed
clarifier, scum and sludge pump stations and 30-inch sanitary sewer line. The scope of work is based
on City of Houston Design Manual Geotechnical Requirements (July 2015) and consisted of the

following tasks:
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1.

Drilled and sampled a total of four (4) soil borings to depths ranging from 20 to 100

feet to explore soil stratigraphy and groundwater conditions.
Converted one (1) boring into piezometer to monitor long term ground water level.

Performed laboratory tests to determine the physical and engineering properties of

subsurface soils at the site.

Performed engineering analyses to develop geotechnical recommendations for the

proposed facilities.

Incorporated all of the above into a geotechnical engineering report.
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2.0 FIELD EXPLORATION
2.1 General
After obtaining the utilities clearance of proposed four (4) marked borings in the field, the
borings were drilled to the explored depths utilizing a truck mounted drilling rig. All the drilling and

sampling were performed in accordance with appropriate ASTM procedures.

2.2 Geotechnical Borings

Subsurface conditions were explored by drilling four (4) soil borings designated as GB-1
through GB-4. The borings GB-1 through GB-3 were drilled for the proposed clarifier to depths
ranging from 50 to 100 feet and boring GB-4 was drilled for the proposed 30-inch sanitary sewer line
to a depth of 20 feet. All borings were drilled with a truck-mounted drilling rig. The approximate
location of soil borings is shown on Plan of Borings, Figure 2. The survey information (Northing
and Easting coordinates and ground surface elevations) of the completed boreholes is provided to us

by LJA Engineering, Inc.

Samples were obtained continuously to a 20-foot depth and at 5-foot intervals thereafter.
Samples of cohesive soils were obtained with a 3-inch diameter thin-walled tube sampler in general
accordance with ASTM Method D 1587. Samples of granular soils were obtained with a 2-inch
diameter split-barrel sampler in general accordance with ASTM Method D 1586. Each sample was
removed from the sampler in the field, carefully examined and logged by an experienced soils
technician. Suitable portions of each sample were sealed and packaged for transportation to
Geotest's laboratory. The shear strength of cohesive soil samples was estimated by use of a
calibrated pocket penetrometer in the field. Driving resistances for the split-barrel sampler were
recorded as "blows per foot" on the boring logs. Water level measurements were made in the open
boreholes at the time of drilling. All borings were backfilled with cement bentonite grout except the

boring converted to piezometer, after completion of the groundwater level measurements.
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Detailed descriptions of the soils encountered in the borings drilled for this study are given on
the boring logs presented on Figures A-1 through A-4 in Appendix A. A key to the symbols and

terms used on the boring logs is given on Figure A-5 in Appendix A.

2.3 Piezometer Installation

During the field investigation, a piezometer was installed in the open borehole of boring
GB-1 to a depth of 50 feet. The location of the piezometer, designated as GB-1P, is shown on Figure
2 (Plan of Borings). The piezometer installation report showing the details of the construction of the
piezometer and water level measurements at different dates is provided on Figure A-6 in Appendix
A. The piezometer installation report was submitted to Texas Department of Licensing and

Regulations (TDLR).

After taking the final water level measurements, the piezometer was abandoned in place. The

piezometer installation and abandonment report is presented in Appendix C.
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3.0 LABORATORY TESTS

The laboratory testing program was designed to evaluate the pertinent physical properties and
shear strength characteristics of the subsurface soils. Classification tests were performed on selected
samples to aid in soil classification. All geotechnical tests were performed in accordance with

appropriate ASTM procedures.

Undrained shear strengths of selected cohesive samples were measured by unconsolidated
undrained (triaxial) (ASTM D2850) compression tests. Results of the unconsolidated undrained
(triaxial) compression tests are plotted as solid squares on the boring logs. The shear strength of
cohesive samples was measured in the field with a calibrated pocket penetrometer and also in the
laboratory with a Torvane. The shear strength values obtained from the penetrometer and Torvane

are plotted on the boring logs as open circles and triangles, respectively.

Measurements of moisture content (ASTM D2216) and dry unit weight were taken for each
unconsolidated undrained triaxial test sample. Moisture content measurements were also made on
other samples to define the moisture profile at each boring location. Atterberg limits tests (ASTM
D4318) and Percent Passing No. 200 Sieve (ASTM D1140) were performed on selected cohesive
soil samples for physical classification. Sieve analyses (ASTM D422) were performed on selected
cohesionless soil samples to evaluate grain size distribution. The results of most of the laboratory
tests are plotted or summarized on the boring logs GB-1 through GB-4 presented on Figures A-1
through A-4 in Appendix A. Grain size distribution curves are presented on Figure B-1 and B-2 in

Appendix B.

Two (2) one-dimensional consolidation tests, with a hysteresis loop and a measured final
rebound, were performed on selected samples in accordance with ASTM D 2435. The results of the

consolidation tests are presented on Figures B-3 and B-4 in Appendix B.
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4.0 GENERAL SUBSURFACE CONDITIONS

4.1 Geology

The project site lies in the Beaumont Formation. The clays and sands of the Beaumont
Formation are over-consolidated as a result of desiccation from frequent rising and lowering of the
sea level and the groundwater table. Consequently, clays of this formation have moderate to high
shear strength and relatively low compressibility. The sands of the Beaumont Formation are
typically very fine and often silty. Further, there is occasional evidence in the Houston area of the

occurrence of cemented material (sandstone and siltstone) deposits within the Beaumont Formation.

4.2 General Fault Information

A review of information in the Geotest library, relating to known surface and subsurface
geologic faults in the general area of the project site, was undertaken. The available information
consisted of U.S. Geological and NASA maps, open file reports and information contained in our

files relating to geologic faults in the project site.

Based on the available information from U.S. Geological Survey (USGS) Maps and in-house
records relating to geologic faults for the project site, no known documented fault exists near the
project site. The nearest known faults are the Long Point Fault located approximately 2 miles south
of the project site and Fairbanks Addicks Fault System located approximately 2.5 miles northwest of

the project site.

4.3 Soil Stratiegraphy

Clarifier. As revealed by the boring logs GB-1 through GB-3 and as shown on boring log

profile presented on Figure 3.1, the subsurface soils at clarifier location is summarized below:
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Depth Below Grade,

feet
0to 12

12 to 18~18.5

18~18.5 to 28~28.5

28~28.5 to 50~62

62 to 68

68to 71

71 to 100

Approximate Range of Elevation,

feet
+99.4~97.7 to +87.4 ~+85.7

+87.4 ~+85.7 to +80.9 ~+79.7

+80.9 ~+79.7 to +70.9 ~+69.7

+70.9 ~+69.7 to +49.3 ~+37.4

+37.4t0+31.4

+31.4 to +28.4

+28.4t0 -0.6

Report No. 1140211601
October 28, 2015

Soil Description

Medium stiff to hard dark gray,
yellowish brown and gray
Sandy Lean Clay. Fill material
consisting of stiff to hard gray
and yellowish brown sandy lean
clay with roots, sand seams and
calcareous nodules was
encountered to a depth of 3 feet
in borings GB-1 and GB-3.

Medium dense gray and brown
Silty Sand.

Stiff to hard yellowish brown
and gray Sandy Lean Clay.

Loose to very dense Fine Sand
with silt.

Very stiff to hard reddish brown
and gray Fat Clay in boring
GB-1 only.

Very stiff reddish brown and
gray Lean Clay with silt in
boring GB-1 only.

Very stiff to hard gray and
brown Fat Clay with calcareous
and ferrous nodules in boring
GB-1 only.

The Sandy Lean Clay and Lean Clays are of slight to high plasticity with liquid limits ranging

from 25 to 41 and plasticity indices ranging from 9 to 25. The Fat Clay is of high plasticity with a

liquid limit of 55 and a plastic limit of 33. The fines content (percent passing No. 200 sieve) of

Sandy Lean Clay ranges from 51 to 69 percent. The fines content of Lean Clay and Fat Clay ranges

from 97 to 98 percent. The fines content of Silty Sand ranges from 22 to 29 percent. The fines

9
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content of Fine Sand with silt ranges from 6 to 10 percent.

Proposed 30-inch Sanitary Sewer Line. As revealed by the boring log GB-4 and as shown on

boring log profile presented on Figure 3.2, the subsurface soils along the 30-inch sanitary sewer line

1s summarized below:

Depth Below Grade, feet Approximate Range of Soil Description
Elevation, feet
Oto1l +98.5 to +97.5 FILL: very stiff to hard gray

and yellowish brown sandy
lean clay with grass roots and
gravel

1to12 +97.5 to +86.5 Medium stiff to hard gray and
yellowish brown Sandy Lean
Clay with ferrous nodules

12 to 18.5 +86.5 to +80.0 Medium dense gray Silty Sand
18.5t0 20 +80 to 78.5 Gray and yellowish brown
Sandy Lean Clay.

The Sandy Lean Clay is of medium to high plasticity with liquid limits ranging from 32 to 36
and plasticity indices ranging from 19 to 22. The fines content (percent passing No. 200 sieve) of

Sandy Lean Clay ranges from 64 to 69 percent. The fines content of Silty Sand is about 23 percent.

4.4 Range of Weak Soils Encountered in Borings

The range of loose cohesionless soils and/or soft cohesive soils as encountered in borings are

given below:

Range of Weak Soils
Boring No. Encountered, ft Soil Type
From To
GB-1 28.5 30 Loose Silty Sand
38.5 40 Loose Silty Sand

10
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4.5 Water Levels

Free water was first encountered during drilling at a depth of 14 feet below existing grade and
water levels measured 15 minutes after water first encountered ranged from 10.3 to 11.9 feet below
the existing grade in borings GB-1 through GB-4. The water level was measured at a depth of 12.2
feet in piezometer GB-1P on August 31, 2015.

However, it should be noted that various environmental and man-made factors, such as
amount of precipitation, nearby subsurface construction activities and changes in area drainage could

substantially influence the groundwater levels.

4.6 Environmental Concerns

No environmental concerns were noticed during drilling in the borings GB-1 through GB-4

drilled for this study.

11
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5.0 GEOTECHNICAL ENGINEERING RECOMMENDATIONS

The project includes design and construction of a new clarifier approximately 65 feet in
diameter, scum and sludge pump stations and associated piping. Two additional scum pump stations
are proposed near the existing clarifier. The proposed clarifier is approximately 18.6 feet high and
approximately 11 to 17 feet below grade. The piping includes installation of approximately 400
linear feet of 30-inch diameter sanitary sewer line. The sanitary sewer line will be placed

approximately 13 feet deep.

5.1 Clarifier

5.1.1 Foundation Type, Depth and Allowable Bearing Pressure. Based on the soil

stratigraphy revealed from borings GB-1 through GB-3, the subgrade soils for supporting the bottom
of the foundation at depths ranging from 11 to 17 feet (El. 87.91 to 81.62 feet) consists of medium
stiff to very stiff sandy lean clay and/or medium dense silty sand. The foundation for clarifier can be
supported on a mat foundation placed into medium stiff to very stiff sandy lean clay and/or medium
dense silty sand and may be designed for an allowable (net) bearing pressure of 2,500 psf for total
dead and live loads or 1,670 psf for dead and sustained live loads, whichever results in a larger
foundation area. These net allowable bearing pressures contain safety factors of 2 for total load and

3 for sustained load conditions.

5.1.2 Modulus of Subgrade Reaction. A modulus of subgrade reaction of 50 pci can be used

for design of the mat foundation.

The geotechnical recommendations pertaining to lateral pressure, hydrostatic uplift resistance

and foundation settlement are provided in subsequent sections below.

5.1.3 Lateral Pressures. The lateral pressure diagrams presented on Figures 5.1 and 5.2 are

applicable for permanent wall.

12
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5.1.4 Hydrostatic Uplift Resistance. Structures extending below the groundwater level should

be designed to resist uplift pressure resulting from excess piezometric head. Design uplift pressures
should be computed based on the assumption that the water table is at ground surface. To resist the
hydrostatic uplift at the bottom of the structure, one of the following sources of resistance can be

used in the design.

a. Dead weight of structure,
b. Weight of soil above base extensions plus weight of structure, or

c. Soil-wall friction plus dead weight of structure.

The uplift force and resistance to uplift should be computed as detailed on Figure 6. In
determining the configuration and dimensions of the structure using one of the approaches presented

on Figure 6, the following factors of safety are recommended.

a. Dead weight of concrete structure, S = 1.10,
b. Weight of soil (backfill) above base extension, Sy, = 1.5, and

¢. Soil-wall friction, Si3 = 3.0.

Friction resistance should be discounted for the upper 5 feet, since this zone is affected by

seasonal moisture changes.

5.1.5 Foundation Settlement. The settlement of a foundation for any structure depends on its

size, shape, depth, and more particularly on the magnitude of the sustained load imposed at the base
of the footing and on the compressibility of the foundation soils. Based on 19 feet of water, the
contact pressure at the clarifier bottom is about 1,200 psf. However, since the clarifier is a below
grade structure (about 11 to 17 below grade) and the estimated overburden pressure of the soils that
will be removed in the clarifier area is about 1,800 psf, therefore, the settlement induced from the

surcharge of the new clarifier will be minimal.

13
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5.2 Scum and Sludge Pump Station Pads

5.2.1 Foundation Type, Depth and Allowable Bearing Pressure. Based on the soil

stratigraphy revealed from borings GB-1 through GB-3, the foundation for pump stations can be
supported on a mat foundation placed at depth of 3 feet below grade (into stiff sandy lean clay)
below existing grade and should be designed for an allowable (net) bearing pressure of 2,500 psf for
total dead and live loads or 1,670 psf for dead and sustained live loads, whichever results in a larger
foundation area. These net allowable bearing pressures contain safety factors of 2 for total load and
3 for sustained load conditions. The geotechnical recommendations pertaining to lateral pressure and

hydrostatic uplift resistance are provided in Sections 5.1.3 and 5.1.4 of this report.

5.2.2 Foundation Settlement Based on the loading information provided LJA, the estimated

loading from the scum and sludge pump stations range from 150 to 200 psf. Based on the imposed

loading, the anticipated settlements will be minimal.

5.3 Site Preparation and Structural Fill Requirements.

The site should be cleared of all trash, grubbed and stripped of all organic material, soft soils and
foreign material from the structural and paved areas. Stripped areas should be appropriately graded and
shaped to prevent ponding of water on the site. Due to presence of shallow groundwater level near
borings GB-1 through GB-3 and presence of silty sand material near the bottom excavation,
proper groundwater control will be required prior to the excavation and placement of select fill
material. During the excavation, if surface becomes wet, excavate and expose the surficial wet
soils and also relieve any trapped water at the base of the excavation soils for drying. Also,

constructing the temporary ditches is recommended to drain any excess water.

The structural fill used to raise the grade or backfill grub holes should consist of lean clay or
sandy lean clay with a liquid limit less than 40 and a plasticity index between 8 and 20 or cement

stabilized sand. The structural fill should be compacted at moisture content within three percent above

14
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optimum to reduce swelling potential of the compacted fill. The fill material should be placed in loose
lifts not exceeding eight inches and should be compacted to a minimum of 95 percent of the maximum
dry density as determined by ASTM D 698 for all areas except load bearing areas and 98 percent of the
maximum dry density as determined by ASTM D 698 for load bearing areas. The structural fill pad
should extend at least five feet outside the slab areas. The cement stabilized sand if used as backfill

material, it should be placed in accordance with COH Standard Specification Section 02321.

5.4 Groundwater Control

Excavations for the clarifier and sanitary sewer line will encounter groundwater seepage to
varying degrees depending upon the groundwater conditions at the time of construction and the location
and depth of the trench. Based on the soil conditions identified in the borings, all the excavations will
be in cohesive soils with interbedded cohesionless soils. In general for cohesive soils the groundwater
if encountered may be managed by collection in excavation bottom sumps for pumped disposal. In
cohesionless soils such as silty sand encountered between the depths of 11 to 17 feet in all the borings
dewatering such as vacuum well points may be required to lower the ground water level at least 5 feet

below the bottom of excavation.
It is recommended that the actual groundwater conditions should be verified by the contractor at
the time of construction and that groundwater control should be performed in general accordance with

the City of Houston Standard Specifications, Section 01578.

Range of cohesionless soils encountered within/or near the invert depth.

Range of Weak Soils
Boring No. Encountered, ft Soil Type
From To
GB-1 12 18.5 Silty Sand
GB-2 12 18 Silty Sand
GB-3 12 18 Silty Sand
GB-4 12 18.5 Silty Sand

15
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5.5 Proposed Excavations for 30-inch Sanitary Sewer Line

Based on the information provided, it is understood that the proposed 30- inch sanitary sewer
line will be by installed by open cut method of construction. The proposed line is approximately 13-

foot deep.

5.5.1 Trench Excavation The following subsections provide information for the design and

construction of the proposed 30- inch sanitary sewer line that will be by installed by open cut method of

construction.

5.5.1.1 Geotechnical Parameters. Based on the soil conditions revealed by the borings GB-3

and GB-4, geotechnical parameters were developed for the design of open cut construction for
proposed 30-inch sanitary sewer line. The design parameters are provided in Table 2. For

design, the groundwater level should be assumed to exist at the ground surface.

5.5.1.2 Excavation Stability. The open excavation may be shored or laid back to a stable slope

or supported by some other equivalent means used to provide safety for workers and adjacent
structures, if any. The excavating operations should be in accordance with OSHA Standards,

OSHA 2207, Subpart P, latest revision and the City of Houston Standard Specification.

e Excavation Shallower Than 5 Feet - Excavations that are less than 5 feet deep (critical height)

should be effectively protected when an indication of dangerous ground movement is

anticipated.

e Excavations Deeper Than 5 Feet - Excavations that are deeper than 5 feet (if any) should be

sloped, shored, sheeted, braced or laid back to a stable slope or supported by some other
equivalent means or protection such that workers are not exposed to moving ground or cave-
ins. The slopes and shoring should be in accordance with the trench safety requirements as per

OSHA Standards. The following items provide design criteria for excavation stability.
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(1)

(ii)

(iif)

OSHA Soil Type. Based on the soil conditions revealed by borings drilled for this study

and assumed groundwater level at surface, OSHA soil type “C” should be used for
determination of allowable maximum slope and/or the design of shoring along the
alignment for full proposed depth of open excavation. For shoring deeper than 20 feet (if

needed), an engineering evaluation is required and deeper soil borings will be needed.

Excavation Support Earth Pressure. Based on the subsurface conditions indicated by our

field investigation and laboratory testing results, excavation support earth pressure
diagrams were developed and are presented on Figures 7.1 and 7.2. This pressure
diagram can be used for the design of temporary trench bracing. For a trench box, a
lateral earth pressure resulting from an equivalent fluid with a unit weight of 96 pcf can
be used. The effects of any surcharge loads at the ground surface should be added to the
computed lateral earth pressures. A surcharge load, q, will typically result in a lateral
load equal to 0.5 q. The above value of equivalent fluid pressure is based on assumption
that the groundwater level is near the ground surface, since these conditions may exist

after a heavy rain or flooding.

Bottom Stability. In braced cuts, if tight sheeting is terminated at the base of the cut, the

bottom of the excavation can become unstable. The parameters that govern the stability
of the excavation base are the soil shear strength and the differential hydrostatic head
between the groundwater level within the retained soils and the groundwater level at the
interior of the trench excavation. For cut in cohesive soils as predominantly encountered
for the proposed excavation depths, the bottom stability can be evaluated as outlined on
Figure 8. However, due to presence of silty sand at depths 12 feet to 17 feet in borings
GB-3 and GB-4, the excavation should be performed after dewatering to avoid bottom

stability problems.
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5.5.2 Groundwater Control. The ground water control should be followed in accordance with

Section 5.4 of this report.

5.5.3 Bedding and Backfill for Utilities. In general, excavation and backfill for sanitary sewer

should be designed and constructed in accordance with the City of Houston Standard Specification No.

02317, Subsection 3.09 and 3.10 “Excavation and Backfill for Utilities.”
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6.0 CONSTRUCTION CONSIDERATIONS

6.1 Foundation Excavation and Construction

Whenever practical, excavations should be performed during dry weather. All excavated
areas should be adequately protected from surface run-off water with appropriate measures to
prevent ponding of water in and around the excavation. Excavations should be properly sloped,
shored, braced, or protected in accordance with OSHA’s excavation safety standard, 29CFR Part
1926, Subpart P (Excavations and Trenches) Standards. It is recommended that temporary sides of

the excavation be trimmed to slopes no steeper than 1 vertical to 1.5 horizontal.

It is recommended that the footing excavation be inspected by a geotechnical engineer or
experienced engineering technician or an architect's or owner's representative prior to placing steel
and concrete. The excavation should be checked to verify that (a) the footing has been constructed to
the specified dimensions and is placed at the correct depth and into the appropriate stratum with
adequate bearing capacity as recommended in this report, (b) the loose cuttings, and any soft-
compressible materials have been removed from the bottom of the excavation, and (c) placement of
concrete should be accomplished as soon as possible to prevent changes in the state of stress and
caving of the foundation soils. A seal slab of lean concrete should be placed, if concrete placement
is delayed for more than 6 hours after excavation or sooner if rain is forecasted. No footing concrete
should be placed without the prior approval of the Project's Engineer, Architect or Owner's

Representative.

Based on the available information, the excavation depths range from 13 to 19 feet for the
clarifier and the sanitary sewer line. It is recommended that any existing structures within the close
proximity of the proposed excavations should be monitored during construction. Itis the contractor's

responsibility to monitor any nearby structures during excavation.
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6.2 Groundwater Control

Excavations for the clarifier and sanitary sewer line will encounter groundwater seepage to
varying degrees depending upon the groundwater conditions at the time of construction and the location
and depth of the trench. Based on the soil conditions identified in the borings, all the excavations will
be in cohesive soils with interbedded cohesionless soils are encountered. In general for cohesive soils
the groundwater if encountered may be managed by collection in excavation bottom sumps for pumped
disposal. In cohesionless soils such as silty sand encountered between the depths of 12 to 17 feet in all
the borings dewatering such as vacuum well points may be required to lower the ground water level at

least 5 feet below the bottom of excavation.
It is recommended that the actual groundwater conditions should be verified by the contractor at

the time of construction and that groundwater control should be performed in general accordance with

the City of Houston Standard Specifications, Section 01578.
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7.0 PROVISIONS

The subsurface conditions and the design information contained in this report are based on
the test borings made at the time of drilling at specific locations. However, some variation in soil
conditions may occur between the boring locations. Should any subsurface conditions other than
those described in our boring logs be encountered, Geotest should be immediately notified so that
further investigation and supplemental recommendations can be provided. The depth of the
groundwater level can be expected to vary with environmental variations such as frequency and

magnitude of rainfall.

The analysis and recommendations submitted in this report are based upon the data obtained
from subsurface explorations made at the time test borings were drilled at specific locations and the
results of laboratory tests on selected soil samples from the test borings. The stratification lines on
the log of borings represent the approximate boundaries between soil types, however, the transition

between soil types may be more gradual than depicted.

This report has been prepared for the exclusive use of LJA Engineering, Inc. or the City of
Houston specifically for the design and construction of Westway Wastewater Treatment Plant
Improvements in Houston, Texas. This report shall not be reproduced in whole or part without

written permission of Geotest Engineering, Inc., LJA Engineering, Inc. and the City of Houston.
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SYMBOLS AND ABBREVIATIONS USED ON BORING LOG PROFILE

SILT

Clayey SILT  Sondy SILT GRAVEL

MUCK, PEAT  ASPHALT

~d

prey
ad a
s

or LIGNITE or HMAC

¥ ¥ K

o

4 % & |

:::a S

:-::‘ . &\
SLAG LEAN CLAY Sandy LEAN

CLAY

LEGEND
% ‘\\\
&... \ \

Sandy CLAY Siity CLAY

FitL SANDSTONE

Clayey SAND  Silty SAND

SHALE or LIMESTONE

or SILTSTONE CLAYSTONE

2 P
f.!ULL.: ) "{1 Y,
=i iy
I 230
BRICK SHELL
AV
Depth of Water
Encountered During
Drilling

BLACKBASE RUBBLE
or DEBRIS

Depth of Water after
Completion of Boring
(for details see
individuo! boring log)

ABBREVIATIONS USED FOR CONSISTENCY/DENSITY

COHESIVE SOILS

V/So
So
Fm
M/St
St
V/St
Hd
V/Hd

: Very Soft

: Soft

: Firm

: Medium Stiff
: Stiff

: Very Stiff

. Hard

: Very Hord

Geotest Engineering, Inc.

COHESIONLESS SOILS

V/Lo
Lo
S/Co
Co
M/De
De
V/De

: Very Loose

: Loose

: Slightly Compact
: Compact

: Medium Dense

: Dense

: Very Dense

FIGURE 4




Job No. 1140211601

_COHESIVE

.._-.Pq—-.

TR :
__P.-_{

TYPICAL SOIL PARAMETERS PERMANENT WALL
See Table 2 for typical Pr=Key'H -
values of soil parameters Pn=y«H=624H
Pq =0.5 q

‘Where:

Ko = 1.0

v = Submerged unit weight of cohesive soil, pcf;

K. = Coefficient of at-rest earth pressure in cohesive soil;
v~ = Unit weight of water, pcf;

q = Surcharge load at surface, psf;

P. = Lateral pressure, psf;

P: = At-rest earth pressure, psf;

P, = Horizontal pressure due to surcharge, psf;

P» = Hydrostatic pressure due to groundwater, psf;

H = Depthofexcavation, feet

LATERAL EARTH PRESSURE DIAGRAM
FOR PERMANENT WALL

SUBMERGED COHESIVE SOIL

Geotest Engineering, Inc.

FIGURE 5.1
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) g
[ TT1 «
R
4 | COHESIVE
'!
e |
e
COHESIONLESS
B or
SEMI-COHESIONLESS + +
b
’ ] - Pye
COHESIVE \\
7R \ F3 . .
b—P, — [ .Pq —
TYPICAL SOIL PARAMETERS PERMANENT WALL
Pre=y.d Ky
See Table 2 for typical _
values of soil parameters Py =" d Ko
Ke=1.0 P = Poe 47’ (e-0) Ko
== far’ 4 "
Koo = 1 - sind, Poe=[y'c d +Y's (e-d)] Kec
Pa=[v ’ -d) + v’ .
o= 62,4 psF 5= [ s (e-0) + 7 (H) ] Koo
" Where: P.=yH=624H
P3=05¢q
Y., = Effective unit weight of cohesive soil, pcf;
Y, = Effective unit weight of cohesionless or semi-cohesionless soil, pcf;
¢, = Internal friction angle of cohesionless or semi-cohesionless soil, degree;
K,. = Coefficient of earth pressure at rest in cohesive -s0ils;
Ko, = Coefficient of earth pressure at rest in cohesionless or semi-cohesionless soil;
Y, = Unit weight of water, pcf;
q = Surcharge load at surface, psf;
P, = Lateral pressure, psf;
P, P, P, = Earth pressure at rest, psf; i = 1, 2, 3;
P, = Horizontal pressure due to surcharge, psf;
P, = Hydrostatic pressure due to groundwater, psf;
H = Height of wall, feet

LATERAL EARTH PRESSURE DIAGRAM
FOR PERMANENT WALL :

SUBMERGED COHESIVE SOIL
INTERBEDDED WITH COHESIONLESS
OR SEMI-COHESIONLESS SOIL

Geotest Engineering, Inc. FIGURE 5.2
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(a) DEAD WEIGHT OF STRUCTURE (b) WEIGHT OF SOIL ABOVE BASE (¢) SOIL-WALL FRICTION PLUS

EXTENSION PLUS DEAD WEIGHT DEAD WEIGHT OF STRUCTURE
OF STRUCTURE
@
\'4
P,
E, E
pw = HYW pw = HYw . pw = HYW
Fu= Avb, F,= Aub, Fo=Asp,
W; _ W, + W ‘ W, +F _
Xl F WiT W RAS NS SES -
5f, ! S, S, Fo %,
Predominantly Cohesive Soils, Fr= ¢ ¢ Am
See Table 2 for typical Predominantly Cohesionless Soils, F;= pmAmK tan §n
values of soil parameters :
Where: Ay = area of base, sq. fi.
A = cylindrical surface area of layer “m” , sq. ft.
Cm = undrained cohesion of soil layer “m”, psf.
Fu = hydrostatic uplift force, Ibs.
F. = frictional resistance, Ibs.
H = height of buried structure, ft.
K = coefficient of lateral pressure = 0.5,
Pm = average overburden pressure for layer “m,” psf.
Pw = hydrostatic uplift pressure, psf.
Sty .5 = factor of safety.
W, = dead weight of concrete structure, 1bs.
W, = weight of backfill above base extension, Ibs.
o = cohesion reduction factor = 0.5,
&m friction angle between soil layer “m” and concrete wall, degrees = 0.75 b
o internal angle of friction of soil layer “m”, degrees.
Yo = . unit weight of water = 62.4 pcf.
UPLIFT PRESSURE
AND RESISTANCE

Geotest Engineering, Inc. FIGURE 6
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q
I I I I ] .¥ —r— z
H/4 _
P,
H COHESIVE Pa= HA2 + +
H/4
—— Pw '——l — Pa —l
TYPICAL SOIL PARAMETERS . BRACED WALL
See Table 2 for typical .For yH/c <4 . .
values of soil parameters ’ :
Pl = 0.3 'Yc' H
Pw='Yw H=624H

P,=05q

Where:
7' = Submerged unit weight of cohesive soil, pcf;
v = Unit weight of water, pcf;
q = Surcharge load at surface, psf;
P. = Lateral pressure, psf;
P: = Active earth pressure, psf;
P, = Horizontal pressure due to surcharge, psf;
P. = Hydrostatic pressure due to groundwater, psf;
H =Depth of braced excavation, feet
¢ = Shear strength of cohesion soil, psf;

TRENCH SUPPORT EARTH PRESSURE

SUBMERGED COHESIVE SOIL

Geotest Engineering, Inec. FIGURE 7 1
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Q

i l L e T T ¥
H/&
d COHESIVE
| I ’
L
COHESIONLESS
or
H SEMI~COHESIONLESS
P,= H/2 +
COHESIVE i
H/4
= - .
p— P, — — Pq——-l
TYPICAL SOIL PARAMETERS BRACED WALL
See Table 2 for typical Py = 0.3 Y'gyg H
values of soil parameters P =Y H = 62.4 H
w w *
vt LYl 4+ Y (e=d) +Y'  (Hwe)
avg B

Y, = 62.4 pcf

Where:
Submerged unit weight of cohesive soil, pef';

v, = Submerged unit weight of cohesioniess or semi-cohesioniess soil, pef;
= Unit weight of water, pcf;

'YW
v = Average submerged unit weight of soil, pef ;
q = Surcharge load at surface, psf;
P, = Lateral pressure, psf;
- P, = Active earth pressure, psf;
P, = Horizontal pressure due to surcharge, psf:
P, = Hydrostatic pressure due to groundwater, psf;
H = Depth of braced excavation, feet

TRENCH SUPPORT EARTH PRESSURE

SUBMERGED COHESIVE SOIL
INTERBEDDED WITH COHESIONLESS OR
SEMI-COHESIONLESS SOIL

Geotest Engi ing, Inc. '
eotest Engineering, Inc FIGURE 7.2
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CUT IN COHESIVE SOIL,
DEPTH OF COHESIVE SOIL UNLIMITED (T>0.7 B,)
L = LENGTH OF CUT

FAILURE SURFACE

LA RN A aead A e A

If sheeting terminates at base of cut:

NLC
Safety factor, Fg = ——
YyH+q
Nc = Bearing capacity factor, which depends on dlmenswns of the excavation :

B,,L and H (use N; from graph below)

C = Undrained shear strength of clay in failure zone beneath and surrounding
base of cut

¥ = Wet unit weight of soil:(see Table 2)

q = Surface surcharge (assumed q = 500 psf)

If safety factor is less than 1.5, sheeting or soldier piles must be carried below the base of cut to
insure stability - (see note)

Bg

B = Buried length =—% > 5 feet Note : If soldier piles are used, the

center to center spacing should
' . not exceed 3 times the width or
Force on buried length, Py: diameter of soldier pile .

2 B,
IfH, >~ —, P, =07 (y HB, - 14CH - 7CB,) i Ibs/ linear foot
3 V2
2 B, 1.4CH
IfH, <- —, Py=15H,(yH- - 7C) in Ibs/ linear foot
3 V7 B,
S S Ee
Y
) -t
=z | "
6 /
S STABILITY OF BOTTOM
H,/Bs FOR
o For trench excavations BRACED CUT

...... For square pit or circle shaoft

Geotes! Engineerin C. A
g g, in FIGURE 8
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TABLE 1
SUMMARY OF BORING INFORMATION

Boring Ground Surface

Boring No. | Depth (feet) Northing Easting Elevation (feet)
GB-1 (GB-1P) 100 13870528.12 3062838.10 99.43
GB-2 50 13870555.27 3062818.05 97.71
GB-3 50 13870501.12 3062857.11 99.32
GB-4 20 13870392.23 3062936.43 98.54

The survey information is provided by LJA Engineering, Inc.




TABLE 2

GEOTECHNICAL DESIGN PARAMETER SUMMARY
OPEN-CUT EXCAVATION

Boring Stratigraphic | Range Wet Submerged | Undrained Internal
Nos. Unit of Unit Unit Cohesion, Friction
Depths, | Weight, Weight, v, psf Angle, ¢,
ft Y pef degree
pef
GB-1 Cobhesive 0-4 130 65 800 -
through 4-10 132 66 1,000 -
GB-4 10-12 132 66 500 -
Cohesionless 12-18 110 55 -- 30
Cohesive 18-25 120 60 1,000 -~

Note:

1) Cohesive soils include sandy lean clay.
2) Cohesionless soils include silty sand.
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LOG OF BORING NO. GB-1 (GB—1P)

PROJECT : Westway Wastewater Treatment Plant Improvements
WBS No. R-000265-0132-3
Houston, Texas

LOCATION : N 13870528.12, £ 3062838.10
See Plan of Borings (Figure 2)

SURFACE ELEVATION : 99.43 FT.

PROJECT NO. : 1140211601

COMPLETION DEPTH :100.0 FT.
DATE : 07-22-15

i

SYMBOL
SAMPLES

SAMPLER : Shelby Tube/Split Spoon
DRY AUGER : 0.0 TO 14.0 FT.
WET ROTARY : 14.0 TO 100.0 FT.

ELEVATION, FEET
DEPTH, FEET

DESCRIPTION OF MATERIAL

STANDARD PENETRATION
TEST, BLOWS PER FOOT

PERCENT PASSING

NO. 200 SIEVE

DRY UNIT_WEIGHT,
PCF

NATURAL MOISTURE

CONTENT, 7%

LIQUID LIMIT, %

UNDRAINED S_Il:isi-%:AR STRENGTH,

O HAND PENETROMETER
@ UNCONFINED COMPRESSION

[ ] UNCONSOLIDATED ~UNDRAINED
TRIAXIAL COMPRESSION

A TORVANE
05 1.0 1.5 2.0 25

PLASTIC LIMIT, %
PLASTICITY INDEX, %

[{s)]
©
~
!
[}

87.4

FILL: gray sandy lean clay
w/grass roots, concrete,
and sand seams
—~very stiff 2'-3'

Stiff to very stiff gray
SANDY LEAN CLAY (CL)
w/calcareous nodules
—~very stiff 6'-10"
—w/ferrous stains 8'-10'
—medium stiff to stiff

10'—12'

f

Medium dense gray and brown
SILTY SAND (SM)

Gray and yellowish brown
SANDY LEAN CLAY (CL)
w/ferrous nodules and
ferrous stains

—stiff to very stiff 20'-25'

44,4 55l

Loose gray FINE SAND
(SP—-SM) w/silt

—medium dense 33.5'-35'

—~dense 43.5'—45'

—very dense 48.5'-50'

~medium dense 53.5'-60'

39

53

26

64

28

54

117

17

21

21

22

21

21

22

21

20

39

25

DEPTH TO WATER IN BORING :
2: FREE WATER 1st ENCOUNTERED AT 14.0 FT. DURING DRILLING; AFTER

T . WATER DEPTH AT 12.2 FT., HOLE OPEN TO 100.0 FT. ON 08-31-15.

15.0 MIN. AT 11.1 FT.

Geotest Engineering, Inc.

Continued on Figure A-to

FIGURE A-1




LOG OF BORING NO. GB-1 (GB—1P) Cont'd

PROJECT : Westway Wastewater Treotment Plant Improvements PROJECT NO. : 1140211601

WBS No. R-000265-0132-3
Houston, Texas

LOCATION : N 13870528.12, E 3062838.10 COMPLETION DEPTH :100.0 FT.
See Pilan of Borings (Figure 2)
SURFACE ELEVATION : 99.43 FT. DATE : 07~22-15
g and
SAMPLER : Shelby Tube/Split Spoon 2§ © = w te | UNDRAINED S%E;R STRENGTH.
& Eol5818 |Sel x| Nl &ElO T
B 5|, kol ORYAUGER : 0.0 TO 140 FT. BB183 |8 |8 S| | g | oD PENCTROMETER
- i R e . EolT01Z.| 25| | | = | @ UNCONFINED COMPRESSION
2 z e WET ROTARY : 14.0T0 1000 FT. °E ZQ gg 2 21 o | B | g UNCONSOUDATED—UNDRANED
£ & £a18512 |88| 2158 TRIAXIAL COMPRESSION
e DESCRIPTION OF MATERIAL S| W% | & 2181 2| 2| A Torane
P e = | 05 10 15 20 25
Medium dense gray FINE SAND
(SP—~SM) w/silt
e 25 20
- 37.4 : T 100 92| 31| 74| 27| 47
Hard reddish brown and gray D
FAT CLAY (CH)
- 65+ —-very stiff to hard 63'-65' 1001 99y 27) 62} 24 38 B
L 314 N - - .
Stiff to very stiff reddish ogl 102l 221 271 18l o
- 7@\\ brown LEAN CLAY (CL) 8 |_REO)
- 28.4 \ w/silt seams s 25
Gray and brown FAT CLAY
(CH) w/calcareous and
- 75 ferrous nodules 22 ALO
\ —very stiff to hard 73'-75'
—very stiff 78'—-85
e 97| 100} 23| 55| 22| 33 . NS
\ ~w/silt seams 82'-84'
| as 26
\ —~hard 88'-90'
- 90~§ —~w/ferrous stains 88'-100 16 O
—very stiff to hard 93'-95
| o5 99| 28 [ 0) /
—~very stiff 98'-100°
L _0.6h100-0 2
NOTE :
See piezometer GB~1P for
054 water level measurements.
F1104

2.

). 4

DEPTH TO WATER IN BORING :

FREE WATER 1st ENCOUNTERED AT 14.0 FT. DURING DRILLING; AFTER 15.0 MIN. AT 11.1 FTL.

: WATER DEPTH AT 12.2 FT., HOLE OPEN TO 100.0 FT. ON 08-~31~15.

Geotest Engineering, Inc.
FIGURE A—1a
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LOG OF BORING NO. GB-2

PROJECT : Westway Wastewater Treatment Plant Improvements PROJECT NO. : 11402118601
WBS No. R-000265-0132-3
Houston, Texas
LOCATION : N 13870555.27, E 3062818.05 COMPLETION DEPTH : 50.0 FT.
See Plan of Borings (Figure 2)
SURFACE ELEVATION : 97.71 FT. DATE : 07-23-15
E3 . RA T
_ SAMPLER : Shelby Tube/Split Spoon §§ el lu el UNDRAINED SigeR STRENGTH,
= 3 >
@ | 5| .l DRY AUGER : 00 TO 140 FT. E5122|2 (2% S| 8 © HAND PENETROMETER
= S e fm g;‘ E Z | £ | @ UNCONFINED COMPRESSION
S |z |2 & WET ROTARY : 14.0 70 50.0 FT. ~3lEQ|E8 28 Z | o | & | @ UNCONSOLIDATED-UNDRAINED
s a £3(8512 %8 AEAR: TRIAXIAL COMPRESSION
g |9 DESCRIPTION OF MATERIAL 2578 |27 ¢ 31 2| A Torvane
e = “] 05 1.0 1.5 20 25
97.7+  Ofexx e
] | Hard yellowish brown ond
3 gray SANDY LEAN CLAY (CL) 9 O
X w/calcareous nodules and
N ferrous stains 8411171 131 41 6] 25 g @
| —w/grass roots 0'-2'
XL —stiff to very stiff 2'—4' 12 Hn 10O
J | —very stiff to hard 4'—6'
N —very stiff 6'~8' 18 N O
N —stiff to very stiff 812"
N 18 O
85.7 X - 20 AD
:':.X Medium dense brown and gray
SILTY SAND (SM) 17 29 A
15_::-:{X 16 21
79.7 : " 21
Hard gray and yellowish
brown SANDY LEAN CLAY (CL) 561118, 15} 35] 15| 20 Q
w/sand seoms and
calcareous nodules
—~stiff to very stiff 23'-25
55| 112| 18| 35| 17| 18 B0
69.7 -
Medium dense gray FINE SAND
(SP—SM) w/siit 5 20
13 23
—very dense 38.5'-40°
81l 7 18
15"
] 28 22
47 7 5o e 16 22

DEPTH TO WATER IN BORING :

2.

HOLE OPEN TO 50.0 FT. AT END OF DRILLING.

FREE WATER 1st ENCOUNTERED AT 14.0 FT. DURING DRILLING; AFTER

15.0 MIN. AT 10.5 FT.

Geotest Engineering, Inc.

FIGURE A-2



LOG OF BORING NO. GB-3

PROJECT : Westway Wastewater Treatment Plant improvements PROJECT NO. : 11402118601
WBS No. R-000265-0132~3
Houston, Texas

g

LOCATION : N 13870501.12, £ 3062857.11 COMPLETION DEPTH : 50.0 FT.
See Plan of Borings (Figure 2)
SURFACE ELEVATION : 99.32 FT. DATE : 07-23-15
ZP’
SAMPLER : Shelby Tube/Split Spoon §§ 9 |2ty el X UNDRAINED SHEAR STRENGTH.
- 2w . >
B | 5 | L4 DRY AUGER : 0.0 TO 14.0 FT. 6519318 |89 Sl 8 O HAND PENETROMETER
I w9 _ - 2|50 =, 125| 5| 2| | @ UNCONFINED COMPRESSION
S | ¢ ||z WETROMRY: 14070 500 FT. o3| 2R1 28| JE| 7 | o | E | g UNCONSOLIDATED-UNDRANED
g & galbs|> |28/ 2 5| g TRIAXIAL COMPRESSION
g |9 DESCRIPTION OF MATERIAL 8|12 | & g &3 ﬁ & TORVANE
e 05 1.0 15 2.0 25
99.3+ 0 e
FILL: very stiff to hard
gray sandy lean clay 10 A O
96.3 w/grass roots and sand 9 2D
seams 64| 111| 16| 34| 16| 18| @D
L —medium stiff to stiff 2'-3'
16
Stiff gray and yellowish @
brown SANDY LEAN CLAY (CL) 15 A O
w/sand seams and ferrous
stains 20
" -very stiff 4'—8'
—stiff to very stiff 6'—8' 29
87.3 1 —w/crawfish hole 8-12' B
X : —very stiff 8'-10" 11 22 19
Iy ] |—medium stiff 10'-12"
AT Medium dense gray and brown 15 22
7] SILTY SAND (SM)
813 17 21
Gray SANDY LEAN CLAY (CL)
. w/ferrous stains 12 5
-stiff to very stiff 20'-25'
51| 117] 16| 25| 15| 10 "2 O
i 16 e
71.3 ,
Medium dense gray FINE SAND
- (SP—SM) w/silt 8 20
i 11 22
—~dense 38'-50’
i 33| 10 20
i 49 16
49.3-L 5ot 38 22

DEPTH TO WATER IN BORING :
¥: FREE WATER 1st ENCOUNTERED AT 14.0 FT. DURING DRILLING; AFTER 15.0 MIN. AT 11.9 FT.
HOLE OPEN TO 50.0 FT. AT END OF DRILLING.

Geotest Engineering, Inc.
FIGURE A-3
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LOG OF BORING NO. GB-4

PROJECT

WBS No. R—000265-0132-3
Houston, Texas

LOCATION : N

13870392.23, E 3062936.43

See Plan of Borings (Figure 2)

Westway Wastewater Treatment Plant Improvements

PROJECT NO. : 1140211601

COMPLETION DEPTH : 20.0 FT.

SURFACE ELEVATION : 98.54 FT. DATE : 07-23-15
3o o | UNDRAINED SHEAR STRENGTH
_ SAMPLER : Shelby Tube/Split Spoon gg e |2 |y el TSF '
=uw o e
5 v DRY AUGER : 0.0 TO 14.0 FT EEl8a |8 | 2| X | o | § | O HAND PENETROMETER
2. d g H ’ ) ' ' A (é'é £ | £ | £ | @ UNCONFINED COMPRESSION
3 S |5| WET ROTARY : 14.07T0 20.0 FT. dgl_glgs| 23] 2 Z | UNCONSOLIDATED - UNDRAN
’g o s %% NME 5% = é o B PO CComPRessIon D
W Q Q
o | © DESCRIPTION OF MATERIAL S B2 & g e |3 ‘§ A\ TORVANE
L o551 o e 05 1.0 15 2.0 25
L 975 S FILL: very stiff to hard
NN gray and yellowish brown H AN O
N sandy lean clay w/grass
roots and gravel 5 D
N y Very stiff to hard gray and 64| 120] 131 361 14| 22 B~ O
e yellowish brown SANDY LEAN
N CLAY (CL) w/ferrous 14 ~
nodules
-very stiff 2'—4' 19 )
R ~hard 6'-8'
. "‘Very Stiff 8"“'10' 112 18
i T —medium stiff to stiff || O
.-:."X 10""12‘ 11 22
R X Medium dense gray SILTY
A1 SAND (SM) 18] 23 2
¥ X 20 22
i X| Gray and yellowish brown 13] se 14 32| 13] 1e
- SANDY LEAN CLAY (CL)
\ w/ferrous stains
- 25+
e 30..
- 35
L. 40
L 45
- 50-

DEPTH TO WATER

IN BORING :

¥: FREE WATER 1st ENCOUNTERED AT 14.0 FT. DURING DRILLING; AFTER

HOLE OPEN TO

20.0 FT. AT END OF DRILLING.

15.0 MIN. AT 10.3 FT.

Geotest Engineering, Inc.

FIGURE A—4



Job No. 1140211601

- SYMBOLS AND TERMS USED ON BORING LOGS

SOIL TYPES SAMPLER TYPES
(SHOWN IN SYMBOL COLUMN) _ (SHOWN IN SAMPLES COLUMN)
[eX*Xe X N
boO \ \ . .
N R
- 00d NN R RRY) : ,
Asphaltic Fill Gravel Sand SILT  CLAY LEAN  Sandy Pitcher MNx Shelby  Piston Split No Auger
Concrete CLAY LEAN Barrel Core .  Tube Spoon  Recovery
Y
Predominant type shown heavy cLa

TERMS DESCRIBING CONSISTENCY OR CONDITION

Basic Soil Type . Densityor - Standard Penetration _Unconfined Compressive
' Consistency Resistance, ¥ .Strength.(q.), @
e Blows/ft. Tons/sq. ft.
Cohesioniess Very loose Less than 4 Not applicable
Loose 4 to <10 Not applicable
Medium dense " 10to <30 Not applicable
Dense 30 to <50 Not applicable
Very dense 50 or greater Not applicable
Cohesive Very soft Less than 2 Less than 0.25
I Soft 2to <4 ' 0.25 to <0.5
Firm/Medium stiff 4to <8 0.5t0 <1.0
Stiff 8 to <15 1.0t0 <2.0
Very stiff 15 to <30 2.0t0<4.0
Hard 30 or greater 4 or greater

(1) Number of blows from 140-lb. weight falling 30-in. to drive 2-in. OD, 1-3/8-in. 1D, split barrel
sampler (ASTM D1586)

(2) g, may also be approximated using a pocket -penetrometer

TERMS CHARACTERIZING SOIL STRUCTURE

Parting: -paper thin in size Seam: -1/8" to 3" thick Layer: -greater than 3"

Slickensided - having inclined planes of weakness that are slick and glossy in
appearance.

Fissured - containing shrinkage cracks, frequently filled with fine sand or silt;

: usually more or less vertical,

Laminated - composed of thin layers of varying color and texture.

Interbedded - composed of alternate layers of different soil types.

Calcareous - containing appreciable quantities of calcium carbonate.

Well graded - having wide range in grain sizes and substantial amounts of all
intermediate particie sizes.

Poorly graded - predominantly of one grain size, or having a range of sizes with some
intermediate size missing.

Flocculated : - pertaining to cohesive soils that exhibit a loose knit or flakey structure.

Geotest Engineering, Inc. FIGURE A-5




1140211601

Job No.

PIEZOMETER

INSTALLATION REPORT

WESTWAY WASTEWATER TREATMENT PLANT IMPROVEMENTS

PROJECT NAME: WBS NO.: R—000265-0132~3

PIEZOMETER NUMBER: GB-1P

GEOTECHNICAL CONSULTANT
GEOTEST ENGINEERING, INC.

DESIGN CONSULTANT
LJA ENGINEERING, INC,

HOUSTON, TEXAS

COMPLETION DATE __ 07-22-15

0 ” DEPTH ELEV.
DRY AUGERED TO Tl (FD)
WASH BORED — %4 70 10 f7 [
DRILLING FLUID: WATER IF
0 9943
DEVELOPMENT DATE: 07-22-15 1 [ |<—me oF e
METHOD OF DEVELOPMENT: / /] CEMENT—BENTONITE
BAILING / ;{ RISER
2F / / TYPE _PVC_CASING
/ / 1.D. 2"
WATER LEVEL READINGS: /4 /m—-——— TYPE OF COUPLING
DATE  DEPTH (10G) ELEVATION | = 9 IHREADED
07-24-15 114 88.0 K 6 FT <«——TYPE OF SEAL
8 91.43 . BENTONITE
08-31-15 12.2 8.1 I 2 T 3 Rt
10 8943 : 3
Tz TYPE OF FILTER
3 __FILTER SAND
SCREEN SLOT
1 ; BE—— TYPE 2%
20 79.43 0f LD. 2"
swot size _ 0.01 "
50 4943 1 0 1 TYPE OF BOTTOM CAP
50 4943 0FF THREADED PVC
—>» 50" |&—
(NOT TO SCALE)
REMARKS:
NOTES: DR'LL\“;D BY: | STARTED: NORTHING: 13870528.12
1. DIMENSIONS NOMINAL UNLESS S 07-22-15 EASTING: 3062838.1
OTHERWISE NOTED LOGGED BY: | COMPLETED:
2. TOG = TOP OF GROUND JG 07-22-15 GROUND LEVEL (MSL): 9943
CHECKED BY: |APPROVED BY:
NK MB SHEET _1_ OF _1

GEOTEST ENGINEERING, INC.

C:\CADFILES\JOBS\ 1140211601\ 1140211601 GB-1P.DWG

FIGURE A-6




APPENDIX B
Figure
Grain SiZe DiStrIDULION CUIVES..cvueuureiireieirieerririerirsereeeerrerrsssssessessansasseessrasnsasassaes B-1 and B-2

Consolidation TeSt RESUITS v.u.riiiiiieeiieiieetirerrenisrisieeeerrrsrsrsesssasesssnsssesesersernerensaes B-3 and B-4
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1140211601

Job No.

Project: West Way Wastewater Treatment Plant improvements
Boring No.: GB-1 Sample No.: 20 Depth (ft): 63-64
Description: Reddish brown and gray Fat Clay (CH)

e, = 0.875
) o Cc =0.327
Moisture Content: 32 Liquid Limit: 74 Specific Gravity: 2.77 Cr - 0.063
Dry Unit Weight (pcf): 92 Plastic Limit: 47 =10.8 ksf
Cc
0.900

0.870

/

<
™ »
N N
‘\ NN .

0.840 \ J
NN

0.810
\

0.780

0.750 \

0.720

VOID RATIO, e

0.690

0.660

0.630

0.10 1.00 10.00 100.00
VERTICAL PRESSURE, P, ksf

) /TN

600

400

200

COEFFICIENT OF CONSOLIDATION,
Cy |n2/day

|

0.01 0.1 1 10 100
VERTICAL PRESSURE, P, ksf

CONSOLIDATION TEST RESULTS

Geotest Engineering, Inc.
FIGURE B-3



1140211601

Job No.

Project: West Way Wastewater Treatment Plant Improvements
Boring No.: GB-2 Sample No.: 10 Depth (ft): 18-20
Description: Brown and gray Sandy Lean Clay (CL)

e =0.398
o]
Moisture Content: 14 Liquid Limit: 35 Specific Gravity: 2.68 C_=0.149
Dry Unit Weight (pcf): 119 Plastic Limit: 20 Cr =0.027
= 10.0ksf
c
0.405
— T DN
0.390 ™
: N
I\
N
0.375 .
NN
RN

N
0.360 \ \\\
0.345
0.330 AN

0.315 \

0.300

VOID RATIO, e
Va

0.285

0.270

0.10 1.00 10.00 ) 100.00
VERTICAL PRESSURE, P, ksf

500
- |
Z |
3 - 1“/’)
P—
g 400
-
3 -

>
Z g 300 /
ON: -
& s
2 G 200
z
E e
Q
i 100 k
g P
[®]
0 \ o "

0.01 0.1 1 10 100
VERTICAL PRESSURE, P, ksf

CONSOLIDATION TEST RESULTS

Geotest Engineering, Inc.
FIGURE B-4.



APPENDIX C

Piezometer Abandonment Report



STATE OF TEXAS PLUGGING REPORT for Tracking #152639

Owner: city of houston Owner Well #.  pz-1
Address: 611 walker floor 14 Grid #: 65-12-2

houston, TX 77002

. Latitude: 29° 50' 036.4" N

Well Location; 10273 Genard Rd

houston, TX 77041 Longitude: 095° 32' 051.6" W
Well County:  Harris Elevation: No Data

Well Type: Monitor
Drilling Information
Company: Van and Sons Drilling Date Drilled: 7/122/2015
Driller: Mark Thornton License Number: 3286M
Diameter (in.) k Tép Depth (ff.) o Botton kDepkth (ft.)

Borehole:

4 i 0 50

Plugging Information
Date Plugged:

Plug Method:

Casing Left in Well:

Top (ft.)
2 0

Dia (in.)

9/16/2015

Plugger: Elliot Van Antwerp

Tremmie pipe cement from bottom to top

Plug(s) Placed in Well:

Bottom (ft.)
50 ‘ 0 50

Top (ft.) Bottomn (ft.) Description (number of sacks & materia)

Bentonite 3 Bags/Sacks

Certification Data:

Company Information:

Drifler Name:

Comments:

10/28/20156 12:54:59 PM

The driller certified that the driller plugged this well (or the well was plugged under the
driller's direct supervision) and that each and all of the statements herein are true and
correct. The driller understood that failure to complete the required items will result in
the reports(s) being returned for completion and resubmittal.

Van and Sons Drilling Service

319 John Alber
Houston, TX 77076

Mark Thornton License Number: 3286

No Data

Plugging Report Tracking Number 152639 Page 1 of 1






