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Executive Summary 
 
Lockwood, Andrews & Newnam, Inc. (LAN) was retained by CDM Smith, the design engineer, and 
the City of Houston Public Works and Engineering Department (City) to perform a transient study 
to support plant improvements at the Northeast Water Purification Plant (NEWPP). Two models 
were built to analyze transients: a small, detailed scale model (micro model) of the NEWPP High 
Service Pump Station (HSPS) and a larger scale model (macro model) of the Northeast Transmission 
System. 
 
With the micro model of the NEWPP HSPS, all pumps failing, single pump failure, and normal 
pump start-up and shut down, both with and without the existing surge tanks in the system were 
simulated and analyzed. With the macro model of the Northeast Transmission System, the North 
Harris County Regional Water Authority (NHCRWA) emergency flow control valve closure was 
simulated and analyzed. 
 
At the NEWPP HSPS, transients were an issue with the existing check valves on the pump 
discharge lines in the pump failure scenarios. The check valves slammed, causing pressure spikes 
over 200 psi in the discharge lines and the header. Without the surge tanks in the system, high 
pressure spikes were not an issue. Vapor cavities occurred in the pump discharge lines in the pump 
failure scenarios, both with and without the surge tanks. 
 
One solution to mitigate the transient issues occurring with the existing check valves is to replace 
the check valves with different pump control valves. Three different types of pump control valves, 
selected by the design engineer, were modeled with the existing pump control valves remaining in 
service, but set in the open position. These included a 24-inch and 30-inch Golden Anderson Ball 
Valve, 24-inch and 30-inch Adams Disc Valve, and 30-inch Golden Anderson Wye Valve. 
Replacing the check valves with either the Adams Disc Valve or Golden Anderson Ball Valve, 
either 24-inch or 30-inch sizes, mitigate transients in all conditions modeled without the need for 
additional air valves or surge devices. The results for the Adams Disc Valve and the Golden 
Anderson Ball Valve are very similar. Results also do not change much between the 24-inch and 
the 30-inch valves. The Golden Anderson Checktronic Wye Valve creates high pressure spikes and 
vapor cavities in the All Pump Failure Scenario, because the valve’s emergency closure is 
hydraulically controlled and can potentially slam. This valve is not recommended for this project. 
 
In the existing system conditions Simultaneous All Pump Failure Scenario, the surge tanks emptied 
when the tanks were initially set to the current operations water level (65% full) and the NEWPP 
was modeled as an isolated system (i.e. East Water Purification Plant (EWPP) is inoperable or 
Hirsch Rd flow control valve is closed). According to information provided by the City Drinking 
Water Operations staff, when the NEWPP pump station is offline, the EWPP is able to maintain a 
system backpressure of approximately 40 psi. With the EWPP backpressure in the system, the surge 
tanks did not empty. Also, when the surge tanks were initially set to the Operations and 
Maintenance (O&M) Manual of 80% full, the surge tanks did not empty.  
 
Under current conditions it is necessary to operate the surge tanks at the O&M manual 
recommended 80% full when the Hirsch Rd flow control valve is closed, to ensure the surge tanks 
do not empty. Once the proposed pump control valves have been installed, and assuming a 30 to 
60 second valve closure time, the system can operate without the surge tanks, regardless of the 
EWPP backpressure. 
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In the macro model of the Northeast Transmission System, NHCRWA was modeled taking 44 
MGD and closing their flow control valve at the currently defined emergency closure time of 90 
seconds. The 90 second closure of the NHCRWA valve causes “line packing” to occur. Line 
packing is a condition that occurs in longer pipelines when flow is stopped at the downstream and 
the volume in the line increases due to pipe wall expansion. In the last 30-seconds of the valve 
closure, the pressures in the line rise quickly, creating a pressure transient that reflects through the 
system. The pumps at the NEWPP also continue to operate during the valve closure, causing the 
pump discharge pressure to rise while flow through the pumps is reduced. Pressures above 200 psi 
are seen throughout the NHCRWA water line and the City system. 
 
Four 12-inch Golden Anderson Surge Relief valves, with a 120 psi setting to open, are 
recommended to be installed at the NHCRWA Spears Rd Pump Station. Until the surge relief 
valves can be installed, or as an alternative to the installation of these valves, it is recommended 
that NHCRWA adjust their flow control valve closure of 90 seconds no faster than 30 minutes. It is 
also recommended that NHCRWA notify the NEWPP before they begin closing their valve, so the 
NEWPP operators can adjust their pumping operations. 
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1.0 Introduction 

Lockwood, Andrews & Newnam, Inc. (LAN) was retained by CDM Smith, the design engineer, and 
the City of Houston Public Works and Engineering Department (City) to perform a transient study 
to support plant improvements at the Northeast Water Purification Plant (NEWPP).  

This transient study included the development of a detailed transient analysis model of the City’s 
NEWPP high service pump station. The detailed model was used to simulate normal pump start-up 
and shut down, and emergency condition scenarios at the NEWPP. The simulation results were 
used to evaluate normal pump start-up and shut down procedures, recommend control valve 
opening and closure times, and provide recommendations for surge protection equipment. Worst 
case emergency conditions were also evaluated to determine performance of new control valve 
alternatives that could be used to minimize pump backflow and the size and future role of the 
existing surge tanks.  

LAN conducted the NEWPP transient analysis study in two phases.  
1. Simulated and analyzed the existing system for all pumps failing, single pump failure, and 

normal pump start-up and shut down, both with and without the existing surge tanks in the 
system.  

2. Simulated and analyzed the same scenarios with the proposed pump control valves, surge 
tanks and proposed surge mitigation devices.  

An existing macro model of the Northeast transmission system was modified to include the North 
Harris County Regional Water Authority’s (NHCRWA) 54-inch water line. The model includes the 
line from the City 66-inch water line to the Spears Pump Station, ending at the flow control valve 
before the storage tanks. An exhibit of the lines modeled can be seen in Appendix B, Exhibit 2. 
The model was used to simulate a NHCRWA peak hour emergency flow control valve closure, to 
determine the effects on the City’s transmission lines and at the NEWPP. 

2.0 Transient Events 
 

A transient event, also referred to as a surge or water hammer, is a series of pressure fluctuations 
above or below the normal operating pressure of the pipe in an unsteady state flow condition. 
Transient events generally occur whenever flow conditions in the pipe are quickly altered. 
 
Pressure increases, or “up-surges”, are commonly the result of rapid valve closure, pump start-ups, 
and pump shut downs. In the case of rapid valve closure, when water is flowing in a pipe at a 
certain velocity and is stopped in a short period of time, the energy from the water flow is forced to 
reverse as it reflects off the closed valve. The energy then propagates as a transient high pressure 
wave through the pipeline. The pressure increase is independent of the working pressure of the 
system and is instead dependent on the properties of the fluid, and the size and material properties 
of the pipe. The high pressure transient wave stresses the pipe, which may damage the pipe or 
potentially lead to a failure. 
 
Negative (vacuum) pressures, or “down-surges”, are commonly the result of pump shut down or 
failure, the rapid opening of a valve, and pipe breaks. Negative pressure in the pipeline without 
adequate protection can lead to the collapsing of the pipe. If the negative pressure caused by the 
transient event falls to the vapor pressure of the liquid (i.e., -14.7 psi for water), the creation of 
vapor pockets inside the pipeline result. The collapse of these vapor pockets and subsequent rush 
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of fluid to fill the void may produce high pressure spikes and propagate a high pressure transient 
wave through the pipeline, further stressing the pipe. 
 
Computer modeling of all transient event scenarios through the NEWPP system pumps, valves, 
surge protection devices, and pipelines was performed using the Liquid Transient, or LIQT©, 
computer program. 
 
3.0 Data Collection and Model Development 

This study required the development of a detailed micro model of the NEWPP High Service Pump 
Station (HSPS), which the following: 

 HSPS pumps, control valves (butterfly valves), check valves, existing combination air and 
vacuum valves, surge tanks, and flow meters. 

 Discharge piping connecting the NEWPP HSPS pumps to the existing 84-inch transmission 
main out to Beltway 8. 

 Headloss associated with pipe material, pipe bends, tees, valves and flow meters 
 Mid-way through the project, the Lake Houston Cost Share 36-inch transmission main was 

added, and associated demand and headloss.  
 

The suction side piping for the NEWPP was not included in the micro model. Also, the node 
elevations used in the model are top of pipe elevations.  
 
Information related to the design and operations of the NEWPP was collected, reviewed and used 
to develop the micro model, including: 

 As-built drawings for the NEWPP, Phases 1 and 2 

 As-built drawings for the Lake Houston Cost Share 36-/24-/20-inch water line 

 Submittals, information and Operations and Maintenance (O&M) Manuals for the existing 
NEWPP 20 MGD pumps 

 Shop drawings and O&M Manuals for the existing NEWPP surge tanks 

 Information and O&M Manuals for the existing 30-inch pump control valves (butterfly 
valves) 

 Information for the existing 30-inch globe style silent check valves on the pump discharge 
lines 

 Information for the existing 8-inch and 6-inch combination air vacuum valves on the pump 
discharge lines 

Information and O&M manuals for the surge tanks, globe style silent check valves, combination air 
vacuum valves and pump control valves are provided in Appendix A. In addition to reviewing 
NEWPP related data, preliminary meetings with City staff to discuss the various scenarios were 
conducted. Several site visits to the NEWPP HSPS were also conducted. One site visit included a 
meeting with the plant operator to witness and time existing control valves for normal pump start-
up and shut down, and to verify pump discharge pressures and water levels in the surge tanks 
during operations. A table with the findings from the visit can be seen in Appendix A. 
 
There was some debate at progress meetings held with the City about the rated capacity of the 
pumps at the HSPS. When the plant was built, four 27 MGD vertical turbine pumps (Pumps 1-4) 
and an 8 MGD emergency diesel pump (Pump 5) were installed at the HSPS. During a site visit 
conducted in July 2013, it was noted the nameplates for Pumps 1-4 indicated a rating of 27 MGD 
at 117-ft TDH. However, according to the pump manufacturer, Floway, the original pumps (Pumps 



NEWPP Improvements Transient Analysis 

Page 3 of 28 
 

 

1-5) were rebowled in 2005 when Pumps 6-8 were installed, and the nameplates were not 
replaced. It is believed that all pumps, including the diesel driven emergency pump, are now rated 
20 MGD at 191-ft TDH. See Appendix A for pump submittals and pump curves for the existing 
pumps. Table 1shows the rated conditions for the existing pumps at the NEWPP HSPS. 
 

Table 1 - Pump Information 
Pump Rated Flow Rated Head Rated Speed Motor/Engine 

Pump 1 20 MGD 191 ft 890 rpm Induction Motor 
Pump 2 20 MGD 191 ft 890 rpm Induction Motor 
Pump 3 20 MGD 191 ft 890 rpm Induction Motor 
Pump 4 20 MGD 191 ft 890 rpm Induction Motor 
Pump 6 20 MGD 191 ft 890 rpm Induction Motor 
Pump 7 20 MGD 191 ft 890 rpm Induction Motor 
Pump 8 20 MGD 191 ft 890 rpm Induction Motor 
Pump 5 

(Emergency Pump) 20 MGD 191 ft 890 rpm Diesel Engine 

 
The study also required a macro model, a larger scale model of the Northeast transmission system. 
The macro model includes: 

 HSPS pumps, pump control valves, existing combination air vacuum valves and surge tanks 
 84-inch water line from NEWPP to Smith Rd 
 66-inch water line along Greens Road from Smith Rd to Greenspoint Dr 
 42-inch water line along Hirsch Road from Smith Rd to Little York Rd 
 NHCRWA 54-inch water line 
 All air/vacuum valves located along the existing lines 
 Headloss associated with pipe material 

 
An existing model from a previous study of the Northeast system was used as a starting point for 
this macro model. Information reviewed to add to and update the model includes: 

 Drawings for the NHCRWA 54-inch water line to Spears Road Pump Station. 

 NHCRWA Stealth Energy Dissipating flow control valve (NHCRWA flow control valve). 
Information on the valve is provided in Appendix C. 

 Drawings for the Lake Houston Cost Share 36-/24-/20-inch water line. 

 Customer demand information for NHCRWA and other customers along the Northeast 
transmission mains. 

 
Specific information regarding the closure profile of the NHCRWA flow control valve could not be 
obtained. Instead, a closure profile of a similar Pratt Sleeve Valve was used.  
 
An exhibit and schematic of the macro model can be seen in Appendix B. The demands in the 
model changed mid-way through the project, represented in the “Revised Demands” exhibit in 
Appendix B. The revision in demands is further discussed in Section 7.3. 
 
The LIQT software analyzes the system in sections based on the defined analysis timestep. A 
smaller timestep allows the section length and overall system length analyzed to be smaller for 
more details. For the micro model, a timestep of 0.0035 seconds was selected to allow analysis of 
pipe lengths as short as 12 feet. However, the macro model consists of 21 miles of pipe. It was not 
feasible to model and analyze the transmission system with lengths as short as 12 feet because of 
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the resulting size of the model, and time for the model to run. Therefore, a more appropriate 
timestep of 0.05 seconds corresponding to a minimum pipe length of 141 feet was used. 
 
4.0 Assumptions and Criteria 

 
The transient analysis was performed using the maximum firm pumping capacity of the NEWPP of 
120 MGD. (Note: Firm pumping capacity is a pump station’s total pumping capacity with the 
largest pump out of service.) The emergency pump (Pump 5) is not run as part of normal 
operations, and therefore not considered in the determination of the firm capacity. The analysis of 
the existing system used the following initial assumptions and criteria: 

 All pumps at the NEWPP are rated 20 MGD at 191 TDH. 

 Firm pumping capacity (6 pumps running) of 120 MGD was used (Pumps 1 and 5 are 
offline). 

 The EWPP is able to maintain a system back pressure of 40 psi at the NEWPP when the 
NEWPP is shut down and the Hirsch 42-inch valve is open. The Hirsch 42-inch valve is 
open in all scenarios unless noted. 

 All combination air valves in the NEWPP and along the transmission lines are operational. 

 The combination air/vacuum valves open at 0 psi. 

 The 30-inch globe style silent check valves on the pump discharge lines are operational. 

 The 30-inch globe style silent check valves on all the pump discharge lines open in 
0.5 seconds, and close in 0.4 seconds, as recommended by Val-Matic. 

 The 30-inch globe style silent check valves begin to close immediately upon backflow 
through the valve. 

 The surge tanks initial water level for all existing system scenarios is 6.5 ft (65% full), as 
witnessed in field visits. 

 The pump control valves (butterfly valves) are fully open and fail in current position. 

 The existing pump control valves for Pumps 6, 7 and 8 open and close in 120 seconds, 
based on pump witness testing conducted September 18th, 2013. 

 The existing pump control valves for Pumps 1 through 4 open and close in 40 seconds, 
based on pump witness testing conducted September 18th, 2013. 

 A Hazen Williams coefficient (C-value) of 120 was used for water lines less than 36-inches 
diameter, and 130 for water lines equal to or greater than 36-inches diameter. 

 The allowable, or safe, surge pressure range is -10 psi to 150 psi. 

 All elevations are top-of-pipe. 

The pressure wave speed for each pipe size was calculated as part of this analysis. The wave speed 
is important because the propagation of a transient event is directly related to the wave speed. The 
speed of a pressure wave is independent of the working pressure of the system but dependent on 
the fluid properties, the size, and material of the pipe. All other factors being equal, and ignoring 
surge control devices, a higher wave speed will result in a higher surge pressure. A summary of the 
pipe sizes, material assumptions, and corresponding wave speeds is provided in Table 2. 
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Table 2: Pressure Wave Speeds Used 
Pipe Diameter 

(in) 
Pipe Material Wave Velocity 

(feet per second) 
20 Steel 3,930 
24 Steel 3,850 
30 Steel 3,365 
36 Steel 3,520 
42 Steel 3,385 
54 Steel 3,115 
66 Steel 3,115 
84 Steel 3,015 

 

5.0 Scenarios 
 
The transient analysis for the micro model of the NEWPP was based on the following set of 
Scenarios: 

 Scenario 1 – Simultaneous All Pump Failure 

 Scenario 2 – Normal Pump Shut Down 

 Scenario 3 – Normal Pump Start Up 

 Scenario 4 – Single Pump Failure with Five Remaining Pumps Running 

 Scenario 5 – Emergency Pump 5 Shut Down Five Pumps Running 

 Scenario 6 – Emergency Pump 5 Start Up with All Pumps Shut Down 
 
For the problem definition phase, these Scenarios 1-4 were modeled under existing system 
conditions both with and without surge tanks. The Scenarios 1-4 were also modeled with proposed 
pump control valves, provided by the design engineer, with surge tanks. With the proposed pump 
control valves, Scenario 1 was also modeled without surge tanks, to determine the effects of the 
surge tanks on the system. Scenarios 5 and 6 were used as confirmation scenarios, once the 
proposed pump control valves were selected and other surge protection recommendations 
identified. 
 
The Scenarios for the macro model of the Northeast Transmission System included: 

 Scenario 7 – NHCRWA Emergency Flow Control Valve Closure 

 Scenario 8 - Simultaneous Pump Failure at the NEWPP 
 
The Simultaneous Pump Failure at the NEWPP Scenario was used as a confirmation scenario once 
the proposed pump control valves were selected, to ensure the existing combination air vacuum 
valves on the transmission lines adequately mitigate transients. 
 
6.0 Phase 1 - Existing System Results 
 
6.1 Scenario 1 – Simultaneous Pump Failure 
 
Scenario 1 evaluated the failure of all pumps at the NEWPP. A simulation time of 180 seconds, 
with the pumps failing after 5 seconds was used for this Scenario. The Scenario was performed 
both with and without the surge tanks. Table 3 shows the results for Scenario 1a with surge tanks 
online. 
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Table 3 - Scenario 1a Results with Surge Tanks 

Node(1) Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

DH-2 Discharge Header 
at Pump 2 244.6 5.73 5.2 5.85 

DH-8 
Discharge Header 

at Pump 8 234.8 5.73 15.2 5.86 

VL2-I Flow Meter 189.3 5.74 11.0 8.38 
VL3-I Flow Meter 216.0 5.74 0.6 8.34 

PL-END Fence line of Plant 178.5 6.16 38.2 164.25 

HAWC-4 84-inch line at 
Beltway 8 

144.2 7.06 38.5 177.57 

BFV8-O 
Max System 

Pressure- Pump 8 
Butterfly Valve 

375.5 5.73 -14.7(2) 6.08 

(1) See Exhibit 4, Appendix B for Node location 
(2) Minimum system pressure of -14.7 psi occurs at multiple locations. 
 
The maximum system pressure is 375.5 psi, occurring against the closed pump discharge valve for 
Pump 8, and exceeds the maximum allowable surge pressure (MASP) of 150 psi. The minimum 
system pressure is -14.7 psi, which occurs at the check valves and directly downstream of the 
check valves. The check valves on the pump discharge lines close at 5.67 seconds, causing 
pressure spikes and vapor cavities in the lines. The surge tanks drain but do not empty in this 
Scenario. Instead, the pressures in the surge tanks reach equilibrium with the system at 35.5 psi, 
and have a final water volume of 1,660 cu ft (33.2% full). Backflow is able to pass through the 
pump discharge line check valves before they close, causing backflow through the pumps. 
However, the pumps are equipped with ratchet devices, preventing the pumps from back spin. A 
graph showing the flow through the pumps in this Scenario can be seen in Appendix D. 
 
The Scenario was also run without the backpressure from the EWPP (i.e. Hirsch Rd flow control 
valve closed). With the surge tanks initially at 65% full and without backpressure from the EWPP, 
the surge tanks empty and vapor cavities form in the piping to the surge tanks. 
 
Table 4 shows the results for Scenario 1b without the surge tanks. 
 

Table 4 - Scenario 1b Results without Surge Tanks 

Node(1) Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

DH-2 
Discharge Header 

at Pump 2 105.8 0.00 6.0 13.14 

DH-8 Discharge Header 
at Pump 8 

105.8 0.00 5.4 24.62 

VL2-I Flow Meter 105.8 0.00 4.5 71.96 
VL3-I Flow Meter 105.8 0.00 5.0 145.34 

PL-END Fence line of Plant 107.4 0.00 12.1 12.74 

HAWC-4 
84-inch line at 

Beltway 8 106.7 0.00 14.3 15.30 

ST-1 
Max System 

Pressure – Surge 
Tank 1 Piping 

115.4 0.00 13.3 59.86 

BFV8-O 
Min System 

Pressure – Pump 8 
BFV 

106.9 0.00 -14.7(2) 17.60 

(1) See Exhibit 4, Appendix B for Node location 
(2) Minimum system pressure of -14.7 psi occurs at multiple locations. 
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The maximum system pressure for this Scenario is 115.4 psi, which does not exceed the MASP of 
150 psi. The minimum system pressure is -14.7 psi, which occurs on the downstream sides of the 
check valves on the pump discharge lines. The check valves on the discharge lines close between 
9.09 and 10.9 seconds. Without the surge tanks, the max pressures in the system are significantly 
lower than Scenario 1a with the surge tanks. However, vapor cavities form in both Scenario 1a and 
1b. Backflow through the pumps is not as much of an issue in this scenario, compared to Scenario 
1a. In this scenario, the surge tanks are not online and, therefore, do not release water back into 
the header and discharge lines upon power failure. A graph showing the backflow through the 
pumps in this Scenario can be seen in Appendix D. 
 
Graphs for Scenario 1 existing system results can be found in Appendix D. 
 
6.2 Scenario 2 – Normal Pump Shut Down 
 
In Scenario 2, normal shut down of the existing system was assessed. The pumps are assumed to 
shut down in reverse order (Pump 8 first, and Pump 2 last). Normal operations from the O&M 
manual state the pump control valves begin to close, and once they are fully closed, the pumps are 
taken offline.  The pump discharge valves for Pumps 6 through 8 close in 120 seconds, while the 
pump control valves for Pumps 2 through 4 close in 40 seconds. The model was run for 4800 
seconds with a single pump taken offline every 15 minutes. The Scenario was performed both with 
and without the surge tanks. Table 5 shows the results for Scenario 2a with the surge tanks online. 
 

Table 5 - Scenario 2a Results with Surge Tanks 

Node(1) Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

DH-2 Discharge Header 
at Pump 2 

105.8 0.00 34.4 4,778.38 

DH-8 Discharge Header 
at Pump 8 

105.8 0.00 34.4 4,778.41 

VL2-I Flow Meter 105.8 0.00 35.1 4,778.29 
VL3-I Flow Meter 105.8 0.00 35.1 4,778.68 

PL-END Fence line of Plant 107.4 2.32 40.0 4,779.53 

HAWC-4 
84-inch line at 

Beltway 8 106.7 0.00 40.0 4,780.50 

BFV2-I 
Max System 

Pressure- Pump 2 
BFV 

135.7 4,484.00 59.9 3,732.28 

CK8-O 
Min System 

Pressure – Pump 8 
Check Valve 

135.4 118.00 6.6(2) 3,174.28 

(1) See Exhibit 4, Appendix B for Node location 
(2) Minimum system pressure of 6.6 psi occurs at multiple locations. 
 
The maximum system pressure is 135.7 psi, occurring against the closed pump discharge valve on 
the Pump 2 discharge line, which does not exceed the MASP of 150 psi. The minimum system 
pressure is 6.6 psi, which occurs at multiple locations along the Pump 7 and 8 discharge lines. The 
last pump control valve closes at 4,484 seconds, and the surge tanks’ pressure reaches equilibrium 
with the system at 4,778 seconds. The surge tanks do not fully empty in the Scenario, and have a 
final water volume of 1,662 cu ft (33.2% full). Pumps 2 and 3 (the last pumps running) run beyond 
their maximum operating point when they are the only pumps running. Pump 2 produces 
maximum 44 MGD for several minutes, while the pump is only rated for 20 MGD. The model 
extrapolates the pump curve to meet the system demand, which in theory the system demand 
would be lower at the time the system comes is taken offline. Beyond the maximum operating 
point, the pump would potentially cavitate and may not be able to produce the flow. 
 
Table 6 shows the results for Scenario 2b without the surge tanks in the system. 
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Table 6 - Scenario 2b Results without Surge Tanks 

Node(1) Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

DH-2 
Discharge Header 

at Pump 2 105.8 0.00 28.7 4,484.01 

DH-8 
Discharge Header 

at Pump 8 105.8 0.00 28.7 4,484.02 

VL2-I Flow Meter 105.8 0.00 29.8 4,484.08 
VL3-I Flow Meter 105.8 0.00 29.8 4,484.04 

PL-END Fence line of Plant 107.4 0.00 35.7 4,484.48 

HAWC-4 84-inch line at 
Beltway 8 

106.7 0.00 37.4 4,485.42 

BFV2-I 
Max System 

Pressure- Pump 2 
BFV 

135.8 4,484.00 56.3 3,605.01 

CK8-O 
Min System 

Pressure – Pump 8 
Check Valve 

135.4 118.00 6.6(2) 3,174.28 

(1) See Exhibit 4, Appendix B for Node location 
(2) Minimum system pressure of 6.6 psi occurs at multiple locations. 
 
The maximum system pressure is 135.8 psi, occurring against a closed pump discharge valve on 
the Pump 2 discharge line, which does not exceed the MASP of 150 psi. The minimum system 
pressure is 6.6 psi, which occurs at multiple locations along the Pump 7 and 8 discharge lines. The 
pressure results are similar for Scenarios 2a and 2b, with and without surge tanks in the system. 
The last pump control valve closes at 4,484 seconds. Pumps 2 and 3 (the last pumps running) run 
beyond their maximum operating point when they are the only pumps running. Pump 2 produces 
maximum 44 MGD for several minutes, and is only rated for 20 MGD. In reality the pumps would 
not produce 44 MGD, because the demand in the system would not be as high when the plant is 
taken offline. 
 
Graphs for Scenario 2 existing system results can be found in Appendix D. 
 
6.3 Scenario 3 – Normal Pump Start Up 
 
In Scenario 3, the normal start-up of all pumps was assessed. The boundary condition of the plant 
assumes a system backpressure of 40 psi, from the EWPP, when 0 MGD is being produced from 
the NEWPP. The NEWPP pumps have induction motors, come online and up to full speed against 
a closed valve, then the pump control valve begins to open. The next pump comes online, then its 
pump control valve begins to open 10 seconds after the previous one is finished opening. It is 
assumed that the pumps start up in reverse order, with Pump 8 first and Pump 2 starting last. The 
model was run for simulation time of 840 seconds. The surge tanks are assumed to have an initial 
water volume of 1,662 cu ft (33.2% full) based on the level resulting after pump shut down in 
Scenario 2a. Table 7 shows the results of Scenario 3a with the surge tanks online. 
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Table 7 - Scenario 3a Results with Surge Tanks 

Node(1) Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

DH-2 Discharge Header 
at Pump 2 103.7 525.54 34.4 0.19 

DH-8 
Discharge Header 

at Pump 8 103.7 525.77 34.4 0.18 

VL2-I Flow Meter 104.0 525.74 35.1 0.02 
VL3-I Flow Meter 104.0 525.74 35.1 0.02 

PL-END Fence line of Plant 105.8 532.27 40.0 0.43 

HAWC-4 84-inch line at 
Beltway 8 

105.1 534.24 40.0 1.33 

CK8-O 
Max System 

Pressure – Pump 8 
Check Valve 

117.0(2) 9.79 34.4(3) 0.00 

(1) See Exhibit 4, Appendix B for Node location 
(2) Maximum system pressure of 117.0 psi occurs at multiple locations 
(3) Minimum system pressure of 34.4 psi occurs at multiple locations. 
 
The maximum system pressure of 117.0 psi occurs at multiple locations along the pump discharge 
lines as Pump 8 is coming online against the pump control valve, and does not exceed the MASP 
of 150 psi. A minimum system pressure of 34.4 psi occurs at multiple locations at the beginning of 
the simulation time. The surge tanks final water volume is 3,222 cu ft (64.4% full). The pumps run 
near the end of their maximum operating points in this Scenario, to try to meet the system demand. 
Pump 8, the first pump to be turned on, produces a maximum flow of 42.3 MGD for 
approximately 2 minutes. When Pump 7 comes online, both pumps produce flow at 35.1 MGD for 
approximately 2 minutes. The model extrapolates the pump curve to meet the system demand, 
which in theory the system demand would be lower at the time the system comes online from a 
dead system. Beyond the maximum operating point, the pump would potentially cavitate and may 
not be able to produce the flow. 
 
Table 8 shows the results of Scenario 3b without the surge tanks. 

 
Table 8 - Scenario 3b Results without Surge Tanks 

Node(1) Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

DH-2 Discharge Header 
at Pump 2 

103.9 536.02 34.4 0.32 

DH-8 Discharge Header 
at Pump 8 

103.9 536.02 34.4 0.37 

VL2-I Flow Meter 104.0 536.04 35.1 0.02 
VL3-I Flow Meter 104.0 536.06 35.1 0.03 

PL-END Fence line of Plant 105.8 536.44 35.1 0.03 

HAWC-4 
84-inch line at 

Beltway 8 105.1 548.43 40.0 1.33 

PUMP-2 
Max System 

Pressure – Pump 2 
Discharge 

117.0(2) 60.01 34.3(3) 0.00 

(1) See Exhibit 4, Appendix B for Node location 
(2) Maximum system pressure of 117.0 psi occurs at multiple locations 
(3) Minimum system pressure of 34.3 psi occurs at multiple locations. 
 
The maximum system pressure of 117.0 psi occurs at multiple locations along the pump discharge 
lines, which does not exceed the MASP of 150 psi. A minimum system pressure of 34.3 psi occurs 
at multiple locations. Pressure results are similar for both Scenarios 3a and 3b, with and without 
the surge tanks in the system. The pumps run off or at the end of their curves in this Scenario, as 
they try to meet the system demand as they come online. Pump 8, the first pump to be turned on, 
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produces a maximum flow of 42.3 MGD for approximately 2 minutes. When Pump 7 comes 
online, both pumps produce flow at 35.1 MGD for approximately 2 minutes. The pumps have the 
same maximum flow as the Scenario 3a with surge tanks. In reality the pumps would not produce 
42.3 MGD, because the demand in the system would not be as high when the plant is starting up. 
 
Graphs for Scenario 3 existing system results can be found in Appendix D. 
 
6.4 Scenario 4 – Single Pump Failure with Five Other Pumps Running 
 
In Scenario 4, a single pump failure with the other pumps running was assessed. The model was 
run for 180 seconds with Pump 8 failing after 5 seconds in the simulation, with the other pumps 
continuing to run. The Scenario was performed both with and without the surge tanks online. 
Table 9 shows the results for Scenario 4a with the surge tanks online. 
 

Table 9 - Scenario 4a Results with Surge Tanks 

Node(1) Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

DH-2 
Discharge Header 

at Pump 2 129.8 5.56 89.2 5.62 

DH-8 Discharge Header 
at Pump 8 

136.5 5.54 86.4 5.66 

VL2-I Flow Meter 126.7 5.59 91.8 5.67 
VL3-I Flow Meter 129.6 5.60 83.9 5.64 

PL-END Fence line of Plant 116.9 6.00 100.6 8.59 

HAWC-4 84-inch line at 
Beltway 8 111.7 6.90 102.2 22.79 

CK8-O 

Max and Min 
System Pressure – 

Pump 8 Check 
Valve 

254.8 5.53 -14.7 5.58 

(1) See Exhibit 4, Appendix B for Node location 
 
The maximum system pressure of 254.8 psi occurs at the check valve on the discharge line of 
Pump 8, and exceeds the MASP of 150 psi. The check valve on the discharge line of Pump 8 
closes at 5.53 seconds in the simulation, causing the pressure spike in the line. A minimum system 
pressure of -14.7 psi also occurs downstream of the check valve on the discharge line of Pump 8. 
Backflow occurs through the discharge line and the pump. The check valves begin to close upon 
backflow, but flow is able to pass through in the time required for the check valve to close. 
 
Table 10 shows the results for Scenario 4b without the surge tanks. 
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Table 10 - Scenario 4b Results without Surge Tanks 

Node(1) Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

DH-2 Discharge Header 
at Pump 2 119.4 5.57 92.2 5.64 

DH-8 
Discharge Header 

at Pump 8 136.5 5.54 87.3 5.65 

VL2-I Flow Meter 126.6 5.59 88.8 5.67 
VL3-I Flow Meter 129.4 5.60 83.9 5.64 

PL-END Fence line of Plant 116.9 6.00 100.6 8.59 

HAWC-4 84-inch line at 
Beltway 8 

111.7 6.90 102.2 22.40 

CK8-O 
Max System 

Pressure – Pump 8 
Check Valve 

254.8 5.54 20.1 5.54 

CK8-I 
Min System 

Pressure – Pump 8 
Check Valve 

205.5 5.64 -14.7 5.52 

(1) See Exhibit 4, Appendix B for Node location 
 
The maximum system pressure of 254.8 psi occurs on the downstream side of the check valve on 
the discharge line of Pump 8, and exceeds the MASP of 150 psi. The check valve on the discharge 
line of Pump 8 closes at 5.54 seconds during the simulation (after the pump fails 5 seconds into the 
simulation), causing the pressure spike in the line. A minimum system pressure -14.7 psi occurs 
very briefly on the upstream side of the check valve on the discharge line of Pump 8. Backflow 
occurs through the discharge line and the pump. The check valves begin to close upon backflow, 
but flow is able to pass through in the time required for the check valve to close.  
 
Graphs for Scenario 4 existing system results can be found in Appendix D. 
 
6.5 Scenario 5 – Emergency Pump 5 Shut Down with Five Pumps Running 
 
Scenario 5 was used as a confirmation Scenario once the pump control valves were selected. 
Results and further discussion are provided in Section 7.1.5. 
 
6.6 Scenario 6 – Emergency Pump 5 Start-Up with All Pumps Shut Down 
 
Scenario 6 was used as a confirmation Scenario once the pump control valves were selected. 
Results and further discussion are in Section 7.1.6. 
 
6.7 Scenario 7 – Macro Model NHCRWA Emergency Valve Closure 
 
The Macro model was used to analyze the large diameter transmission system supplied by the 
NEWPP. The model includes the NEWPP, the existing 84-inch water transmission line, 66-inch 
water line along Greens Road, 42-inch water line along Hirsch Road and the NHCRWA 54-inch 
water line. All demands in the model are represented as single takepoints directly off the 
transmission line. 
 
In the original demand distribution for 120 MGD, the customer takepoints and demands were 
based off the 2050 Demands used in the May 2011 Northeast Water Line Feasibility Study (NEWL 
Feasibility Study) LAN performed with the City. The demands assumed Kingwood would be taking 
water from the existing 84-inch, along with two Municipal Utility Districts (MUDs). 
 
In Scenario 7, the emergency closure of the NHCRWA flow control valve under worst case closure 
conditions was evaluated. The NHCRWA flow control valve is an energy dissipating valve by 
Stealth Valve and Controls Ltd., similar to a sleeve valve by Pratt, and takes 90 seconds to go from 
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full open to full closed, according to NHCRWA operators. Information for the flow control valve 
can be found in Appendix C. In this Scenario, the NEWPP is producing 120 MGD, NHCRWA is 
taking 45 MGD and the valve goes from full open to full closed.  The model was run for 270 
seconds, with the valve beginning to close after 5 seconds. Table 11 shows the results of Scenario 
7a with the NEWPP producing 120 MGD. 
 

Table 11 - Scenario 7a Results NEWPP 120 MGD 

Node(1) Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

NEWPP NEWPP 133.1 133.55 118.8 0.15 

46750 
Kingwood Take 

Point 151.9 121.80 110.3 5.50 

32375 IAH Take Point 1 159.9 117.05 106.1 4.85 
71A4532 IAH Take Point 2 178.7 113.65 101.1 1.70 

D717314 Greenspoint Take 
Point 

197.4 103.35 89.6 4.80 

D710075 NHCRWA Take 
Point off City Line 208.5 101.00 88.4 5.45 

14625 
Aldine and GRP 

Group A Take Point 133.0 122.30 97.7 0.00 

1365 
City Main System 

Take Point 124.1 126.40 94.1 0.00 

NH26783 
Max System 

Pressure- NHCRWA 
54” Line 

236.8 96.30 78.0 161.00 

NH032VI 

Min System 
Pressure – 

NHCRWA Control 
Valve Inlet 

233.3 95.10 67.7 159.70 

(1) See Exhibit 5, Appendix B for Node location 
 
The maximum system pressure of 236.8 psi occurs in the NHCRWA 54-inch line, upstream of the 
flow control valve, and exceeds the MASP of 150 psi. A minimum system pressure of 67.7 psi 
occurs in the NHCRWA line, directly upstream of the flow control valve. The NHCRWA valve 
begins closing 5 seconds into the simulation, and fully closes after 95 seconds. The 90-second 
closure of the NHCRWA valve causes “line packing” to occur. Line packing is a condition that 
occurs in longer pipelines when flow is stopped at the downstream and the volume in the line 
increases due to pipe wall expansion. In the last 30-seconds of the valve closure, the pressures in 
the line rise quickly, and creating a pressure transient that reflects through the system. The pumps 
at the NEWPP also continue to operate during the valve closure, causing the pump discharge 
pressure to rise while flow through the pumps is reduced. Pressures above the MASP are seen 
throughout the NHCRWA water line and the City system. 
 
The valve closure Scenario was also run with the NEWPP producing 80 MGD and the NHCRWA 
taking 45 MGD, better representing current peak day conditions. Table 12 below shows the results 
of Scenario 7b, with the NEWPP producing 80 MGD. 
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Table 12 - Scenario 7b Results NEWPP 80 MGD 

Node(1) Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

NEWPP NEWPP 143.9 132.75 118.4 0.15 

46750 Kingwood Take 
Point 175.5 121.80 111.0 186.50 

32375 IAH Take Point 1 180.8 117.25 109.0 181.70 
71A4532 IAH Take Point 2 203.8 113.65 89.2 178.35 

D717314 
Greenspoint Take 

Point 221.8 103.65 68.2 168.05 

D710075 NHCRWA Take 
Point off City Line 

225.4 101.05 60.1 165.65 

14625 Aldine and GRP 
Group A Take Point 

160.1 122.25 98.5 186.95 

1365 
City Main System 

Take Point 128.8 126.35 92.3 14.25 

NH26783 
Max System 

Pressure- NHCRWA 
54” Line 

246.4 96.30 29.6 161.00 

NH032VI 

Min System 
Pressure – 

NHCRWA Control 
Valve Inlet 

241.1 95.00 16.7 159.85 

(1) See Exhibit 5, Appendix B for Node location 
 
The maximum system pressure of 246.4 psi occurs on the NHCRWA 54-inch line, upstream of the 
flow control valve, and exceeds the MASP of 150 psi. A minimum system pressure of 7.8 psi 
occurs on the NHCRWA line, downstream of the flow control valve. The NHCRWA valve closes 
after 95 seconds, resulting in line packing and pressure transients in the system. The pressure in the 
NHCRWA line builds as the flow control valve closes, increasing quickly over the last 30-seconds 
of the valve closure. Pressures above the MASP are seen throughout the NHCRWA water line and 
the City system. Pressures are higher in the 80 MGD scenario than the 120 MGD scenario, 
because a larger percentage of flow (over half the NEWPP production) is being taken by 
NHCRWA/CHCRWA in the 80 MGD scenario. 
 
Graphs for Scenario 7 existing system results can be found in Appendix D. 
 
6.8 Lake Houston Cost Share Line 
 
After the existing system Scenarios were modeled, the Lake Houston Cost Share (LHCS) 36-/24-
/20-inch water line record drawing information was provided to CDM Smith. The LHCS take point 
from the Northeast System is off the 84-inch water line within the NEWPP. Both the micro model 
and macro model were updated to reflect the system with the LHCS line. The worst case Scenarios 
(Pump Failure) were modeled to determine the changes, if any, to the results caused by the 
addition of the LHCS line. Table 13 shows how results changed with LHCS in the Simultaneous All 
Pump Failure Scenario. 
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Table 13 - Scenario 1 Simultaneous All Pump Failure 
 Without LHCS With LHCS 

Max Pressure Min Pressure Max Pressure Min Pressure 
Discharge Header 

at Pump 2 
244.6 5.7 243.4 5.9 

Discharge Header 
at Pump 8 234.8 15.2 234.7 12.3 

Flow Meter 189.4 11.0 188.0 21.1 
Flow Meter 216.0 0.6 221.0 22.1 
Plant End 178.5 38.2 173.0 38.0 

 
Table 14 below shows how results changed with LHCS in Scenario 4 Single Pump Failure with All 
Other Pumps Running. 
 

Table 14 - Scenario 4 Single Pump Failure 
 Without LHCS With LHCS 

Max Pressure Min Pressure Max Pressure Min Pressure 
Discharge Header 

at Pump 2 
129.8 89.2 129.8 89.0 

Discharge Header 
at Pump 8 

136.5 86.4 136.2 81.7 

Flow Meter 126.7 91.8 126.5 89.4 
Flow Meter 129.3 83.9 129.3 83.8 
Plant End 116.9 100.6 116.0 100.5 

 
Table 15 below shows how results changed with LHCS in Scenario 7 NHCRWA Emergency Valve 
Closure. 
 

Table 15 - Scenario 7 NHCRWA Emergency Valve Closure 
 Without LHCS With LHCS 

Max Pressure Min Pressure Max Pressure Min Pressure 
NEWPP 133.1 118.3 135.1 120.1 

IAH Take Point 159.9 106.1 162.3 117.1 
Greenspoint Take 

Point 
197.4 89.6 196.1 94.5 

City Main Take 
Point 

124.1 94.1 133.7 100.3 

NHCRWA Take 
Point (Off City 

Line) 
208.5 88.4 206.6 92.4 

 
Results varied within 1 to 3 psi with the addition of the LHCS line. The exceptions were the 
minimum pressure at the NEWPP flow meters under Scenario 1 Simultaneous All Pump Failure, 
and the pressures at City’s Main system take point (Hirsch and Little York) under Scenario 7 
NHCRWA’s valve closure, which varied 21.5 psi and 9.6 psi respectively. The City’s main system 
takepoint varied more because less flow is being delivered to the City’s Main system with the 
addition of the LHCS line. The addition of the LHCS line did not change the model results enough 
to lose confidence in the results without the LHCS line. 
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6.9 Summary of Existing System Results 
 
Based on the analyses described above, the following overall results were noted. 
 

 The existing check valves slammed and caused high pressure spikes and vapor cavities in 
the pump discharge lines and header during single pump failure and all pump failure 
scenarios.  The results were worse with the surge tanks in the system, due to the check 
valve slamming with the additional outflow from the surge tanks. 

 When the existing check valves closed on the pump discharge lines, the air valves became 
isolated from the system and no longer protected the discharge header or flow meters. 

 Backflow was able to pass through the pump discharge line and through the pumps in the 
time it takes the check valves to close. It is recommended, however, that the design 
engineer review whether the quantity or rate of backflow would be an issue. The pumps 
have ratchet devices, preventing the pumps from back spin.  

 In the case of simultaneous all pump failure, the surge tanks in the system did not empty 
when there is 40 psi backpressure in the system from the EWPP. Instead, the pressures in 
the surge tanks reached equilibrium with the system pressure at 35.5 psi, and settled at 
33.2% full of water.  

 In a case where the EWPP is also inoperable or the Hirsch Rd flow control valve is closed, 
the surge tanks did empty. The system can operate both with and without the surge tanks; 
however with the surge tanks, additional surge protection devices or measures would be 
needed. 

 Excessive high pressures were an issue in the NHCRWA Emergency Valve Closure Scenario 
due to line packing. The high pressures occurred both in the NHCRWA 54-inch line and in 
the City system during the valve closure, and assuming the NEWPP continues to produce at 
its normal rate. 

 
7.0 Phase II - Mitigation Scenarios and Results 
 
Three main transient issues were identified from the existing system scenario runs: 

 Existing Check Valves 

 Surge Tanks and EWPP Backpressure 

 NHCRWA Emergency Valve Closure 
 
Several solution alternatives were modeled to mitigate these issues. 
 
7.1 Proposed Pump Control Valves 
 
One solution evaluated to mitigate the transient issues occurring with the existing check valves is 
to replace the check valves with different pump control valves. Three different types of pump 
control valves, selected by the design engineer, were modeled with the existing pump control 
valves remaining in service, but set in the open position. The proposed pump control valves would 
replace the existing check valves while the existing pump control valves (butterfly valves) would 
have a manual actuator installed and be set in the open position. Drawings provided by the design 
engineer for the pump control valve installation can be found in Appendix E. 
 
The proposed type and size of pump control valves selected to be evaluated include: 

 30-inch Adams Triple Offset Disc Valve 

 24-inch Golden Anderson Resilient Seated Ball Valve 

 30-inch Golden Anderson Resilient Seated Ball Valve 
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 30-inch Golden Anderson Checktronic Wye Valve  

 24-inch Adams Triple Offset Disc Valve 
 
The Adams Disc Valve has three independent timing settings, one for normal opening, one for 
normal closure, and one for emergency closure. A 60-second and 180-second normal opening and 
closure stroke were evaluated, as well as 5, 30 and 60 second emergency closure. The 24-inch 
valve has a CV value of 19,000, and the 30-inch valve has a CV value of 33,000. 
 
The Golden Anderson Ball Valve also has three independent timing settings, one for normal 
opening, one for normal closure, and one for emergency closure. A 60 and 180 second normal 
opening and closure were evaluated, as well as 5-, 30- and 60-second emergency closure. The 
24-inch valve has a CV value of 82,480 and the 30-inch valve has a CV value of 131,779. 
 
The Golden Anderson Wye Valve has one time setting for both normal opening and normal 
closure, and has a hydraulically controlled emergency closure. The Wye Valve can act like a 
check valve upon emergency closure, depending on the flow through the valve. In the Pump 
Failure scenarios, the flow through the discharge lines change direction in a matter of tenths of a 
second, which would cause the valve to slam. A 60 and 180 second closure normal opening and 
closure were evaluated, as well as 0.5, 1, 3 and 5 second emergency closure. The 30-inch valve 
has a CV value of 16,755. 
 
Valve data provided by the manufacturers can be found in Appendix E.  
 
7.1.1 Scenario 1 – Simultaneous All Pump Failure 
 
In Simultaneous All Pump Failure for the existing system, high pressure spikes and vapor cavities 
occurred in the pump discharge lines, as seen in Table 2. Simultaneous All Pump Failure was 
modeled with the different proposed pump control valve alternatives, with the surge tanks and with 
the backpressure from the EWPP. Table 16 highlights the maximum and minimum pressures for the 
30-inch Adams Disc Valve for different closure times. 
 

Table 16 - 30-inch Adams Disc Valve Simultaneous All Pump Failure 
 

Max 
Pressure 

Max 
Pressure 

Time 

Description 
(Node) 

Min 
Pressure 

Min 
Pressure 

Time 

Description 
(Node) 

5 Second 
Emergency 

Closure 
131.3 8.50 

Directly 
Downstream of 
Pump 6 Control 
Valve (CK6-O) 

-5.9 8.50 

Directly 
Upstream of 

Pump 7 Control 
Valve (CK7-I) 

30 Second 
Emergency 

Closure 
115.8 1.34 

Yard Piping to 
North Surge 
Tank (ST-1) 

5.7 26.00 

Directly 
Upstream of 

Pump 2 Control 
Valve (CK2-I) 

60 Second 
Emergency 

Closure 
115.8 1.39 

Yard Piping to 
North Surge 
Tank (ST-1) 

6.3 47.00 

Directly 
Upstream of 

Pump 2 Control 
Valve (CK2-I) 

 
All pressures for the 30-inch Adams Disc Valve are within the acceptable range, with a maximum 
pressure of 131.3 psi and a minimum pressure of -5.9 psi. The 5-second closure has the highest 
and lowest pressures out of all the Scenarios. The surge tanks do not empty in any of the Scenarios. 
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Table 17 highlights the maximum and minimum pressures for the 24-inch Golden Anderson Ball 
Valve for different closure times. 
 

Table 17 - 24-inch GA Ball Valve Simultaneous All Pump Failure 
 Max 

Pressure 

Max 
Pressure 

Time 

Description 
(Node) 

Min 
Pressure 

Min 
Pressure 

Time 

Description 
(Node) 

5 Second 
Emergency 

Closure 
115.9 1.38 

Yard Piping to 
North Surge 
Tank (ST-1) 

2.3 2.25 

Directly 
Upstream of 

Pump 2 Control 
Valve (CK2-I) 

30 Second 
Emergency 

Closure 
115.9 1.38 

Yard Piping to 
North Surge 
Tank (ST-1) 

6.2 35.00 

Directly 
Upstream of 

Pump 2 Control 
Valve (CK2-I) 

60 Second 
Emergency 

Closure 
115.9 1.38 

Yard Piping to 
North Surge 
Tank (ST-1) 

6.6 65.00 

Directly 
Upstream of 

Pump 2 Control 
Valve (CK2-I) 

 
All pressures for the 24-inch Golden Anderson Ball Valve are within the acceptable range, with a 
maximum pressure of 115.9 psi and a minimum pressure of 2.3 psi between the Scenarios. The 
pressure results do not vary much between the above closure times. The surge tanks empty in the 
60-second valve closure Scenario. 
 
Table 18 highlights the maximum and minimum pressures for the 30-inch Golden Anderson Ball 
Valve for different closure times. 
 

Table 18 - 30-inch GA Ball Valve Simultaneous All Pump Failure 
 

Max 
Pressure 

Max 
Pressure 

Time 

Description 
(Node) 

Min 
Pressure 

Min 
Pressure 

Time 

Description 
(Node) 

5 Second 
Emergency 

Closure 
115.9 1.38 

Yard Piping to 
North Surge 
Tank (ST-1) 

-1.2 10.00 

Directly 
Upstream of 

Pump 2 Control 
Valve (CK2-I) 

30 Second 
Emergency 

Closure 
115.9 1.39 

Yard Piping to 
North Surge 
Tank (ST-1) 

6.1 35.00 

Directly 
Upstream of 

Pump 2 Control 
Valve (CK2-I) 

60 Second 
Emergency 

Closure 
115.9 1.37 

Yard Piping to 
North Surge 
Tank (ST-1) 

6.5 65.00 

Directly 
Upstream of 

Pump 2 Control 
Valve (CK2-I) 

 
All pressures for the 24-inch Golden Anderson Ball Valve are within the acceptable range, with a 
maximum pressure of 115.9 psi and a minimum pressure of -1.2 psi between the Scenarios. The 
pressure results do not vary much between the above closure times. The results also do not vary 
much between the 24-inch Ball Valve Scenario and the 30-inch Ball Valve Scenario. The surge 
tanks empty with the 60-second valve closure time. 
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Table 19 highlights the maximum and minimum pressures for the 30-inch Golden Anderson 
Checktronic Wye Valve for different closure times. 
 

Table 19 - 30-inch GA Checktronic Wye Valve Simultaneous All Pump Failure 
 Max 

Pressure 

Max 
Pressure 

Time 

Description 
(Node) 

Min 
Pressure 

Min 
Pressure 

Time 

Description 
(Node) 

0.5 Second 
Emergency 

Closure 
178.4 5.55 

Directly 
Downstream of 
Pump 4 Control 
Valve (CK4-O) 

6.6 179.8 

Directly 
Upstream of 

Pump 2 Control 
Valve (CK2-I) 

1 Second 
Emergency 

Closure 
183.9 6.00 

Directly 
Downstream of 
Pump 7 Control 
Valve (CK7-O) 

-12.9 6.50 

Directly 
Upstream of 

Pump 3 Control 
Valve (CK3-I) 

3 Second 
Emergency 

Closure 
115.5 0.56 

Yard Piping to 
North Surge 
Tank (ST-1) 

2.5 8.00 

Directly 
Upstream of 

Pump 2 Control 
Valve (CK2-I) 

5 Second 
Emergency 

Closure 
115.5 0.56 

Yard Piping to 
North Surge 
Tank (ST-1) 

4.6 10.00 

Directly 
Upstream of 

Pump 2 Control 
Valve (CK2-I) 

 
Pressure spikes over 150 psi occur with the 0.5-second and 1-second valve closure, while the 
3-second and 5-second valve closure have pressure results within the acceptable range. The 
Checktronic Wye valve has a hydraulically controlled emergency closure, so it is likely the valve 
could close in 1-second or faster. 
 
Both the Adams Disc Valve and the Golden Anderson Ball Valve mitigate transient issues seen with 
the existing check valves. The Golden Anderson Checktronic Wye valve has unacceptably high 
pressure spikes with the faster emergency closure times. Graphs for these Scenarios can be seen in 
Appendix F. 
 
The Simultaneous All Pump Failure Scenario (worst case scenario) was also modeled without surge 
tanks for the 24-inch Adams Disc Valve as a confirmation scenario. Since results were similar 
between the Golden Anderson Ball Valve and the Adams Disc Valve, for both the 24-inch and 
30-inch valves, the 24-inch Adams Disc Valve was used for confirmation scenarios. Table 20 
highlights the maximum and minimum pressures for Simultaneous All Pump Failure with the 24-
inch Adams Disc Valve without the surge tanks in the system. 
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Table 20 - 24-inch Adams Disc Valve Simultaneous All Pump Failure without Surge Tanks 
With EWPP Backpressure 

 Max 
Pressure 

Max 
Pressure 

Time 

Description 
(Node) 

Min 
Pressure 

Min 
Pressure 

Time 

Description 
(Node) 

5 Second 
Emergency 

Closure 
115.6 0.00 

Yard Piping to 
North Surge 
Tank (ST-1) 

-14.7 8.55 

Directly 
Downstream of 
Pump 8 Control 
Valve (CK8-O) 

30 Second 
Emergency 

Closure 
109.5 0.00 

84-inch Water 
Line (HAWC-1) 5.81 7.71 

 Downstream of 
Pump 8 Control 
Valve (BFV8-O) 

60 Second 
Emergency 

Closure 
109.4 0.00 84-inch Water 

Line (HAWC-1) 5.8 7.72 
Discharge 

Header at Pump 
8 (DH-8) 

Without EWPP Backpressure 
30 Second 
Emergency 

Closure 
115.6 0.02 

Yard Piping to 
North Surge 
Tank (ST-1) 

5.7 18.58 
Discharge 

Header at Pump 
8 (DH-8) 

60 Second 
Emergency 

Closure 
115.6 0.02 

Yard Piping to 
North Surge 
Tank (ST-1) 

5.7 35.04 
Discharge 

Header at Pump 
5 (DH-5) 

 
More detailed results can be seen in Appendix F, Exhibits 2 and 3. 
 
From the results above, the system can operate without the surge tanks. The proposed pump 
control valves protect the system with or without the EWPP backpressure, when the tanks are 
operated with the correct initial water level, as discussed in Section 7.2. The emergency valve 
closure should be set at 30 seconds for the Golden Anderson Ball Valve and the Adams Disc 
Valve.  
 
7.1.2. Scenario 2 – Normal Shut Down 
 
In the Normal Shut down Scenario with existing system conditions, transients were not an issue, as 
seen in Table 4 under Section 6.1. The Scenario was modeled with the different proposed pump 
control valves, with surge tanks, and with 60-second and 180-second normal closure times. 
Transients were not an issue with the proposed pump control valves installed. The maximum 
system pressures range from 135.4 psi to 136.0 psi for the different valves, and the minimum 
system pressure was 6.6 psi for all valves. More detailed results can be seen in Appendix F, 
Exhibit 5. Pumps running beyond maximum operating point was still an issue with the proposed 
pump control valves, with Pump 2 (the last pump online) producing about 43 MGD in the model 
in all Scenarios. 
 
7.1.3. Scenario 3 – Normal Start-Up 
 
In the Normal Start-Up Scenario with existing system conditions, transients were not an issue, as 
seen in Table 7 in Section 6.2. The Scenario was modeled with the different proposed pump 
control valve alternatives, with surge tanks, and with 60-second and 180-second normal opening 
times. Transients were not an issue with the proposed pump control valves installed. The 
maximum system pressures range from 115.8 psi to 117.0 psi for the different valves, and the 
minimum system pressure was 18.3 psi for all valves. Pumps running beyond maximum operating 



NEWPP Improvements Transient Analysis 

Page 20 of 28 
 

 

point was still an issue, with Pump 8 producing about 43 MGD in the model in all Scenarios. 
More detailed results can be seen in Appendix F, Exhibit 7. 
 
7.1.4. Scenario 4 – Single Pump Failure with Five Pumps Running 
 
In the Single Pump Failure with Five Remaining Pumps Running with existing system conditions, 
vapor cavities and pressure spikes occurred in the Pump 8 (the pump that failed) discharge line, as 
seen in Table 8. The Scenario was modeled with the proposed pump control valve alternatives, 
with surge tanks, with the EWPP backpressure, and with different emergency closure times. 
Table 21highlights the maximum and minimum pressures for the 30-inch Adams Disc Valve for 
different closure times. 
 

Table 21 - 30-inch Adams Disc Valve Single Pump Failure 
 Max 

Pressure 

Max 
Pressure 

Time 

Description 
(Node) 

Min 
Pressure 

Min 
Pressure 

Time 

Description 
(Node) 

5 Second 
Emergency 

Closure 
118.2 8.50 

Directly 
Downstream of 
Pump 8 Control 
Valve (CK8-O) 

-5.3 8.50 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 

30 Second 
Emergency 

Closure 
115.8 0.16 

Yard Piping to 
North Surge 
Tank (ST-1) 

4.8 26.00 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 

60 Second 
Emergency 

Closure 
115.8 0.16 

Yard Piping to 
North Surge 
Tank (ST-1) 

5.7 47.00 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 

 
All pressures for the 30-inch Adams Disc Valve Scenarios are within the acceptable pressure range, 
with a maximum pressure of 118.2 psi and minimum pressure of -5.3 psi in all Scenarios. Results 
do not vary much between the different emergency valve closure times. 
 
Table 22 highlights the maximum and minimum pressures for the 24-inch Golden Anderson Ball 
Valve for different closure times. 
 

Table 22 - 24-inch GA Ball Valve Single Pump Failure 
 

Max 
Pressure 

Max 
Pressure 

Time 

Description 
(Node) 

Min 
Pressure 

Min 
Pressure 

Time 

Description 
(Node) 

5 Second 
Emergency 

Closure 
115.9 1.38 

Yard Piping to 
North Surge 
Tank (ST-1) 

1.6 10.00 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 

30 Second 
Emergency 

Closure 
115.9 1.38 

Yard Piping to 
North Surge 
Tank (ST-1) 

5.8 35.00 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 

60 Second 
Emergency 

Closure 
115.9 1.38 

Yard Piping to 
North Surge 
Tank (ST-1) 

6.2 65.00 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 
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All pressures for the 24-inch Golden Anderson Ball Valve Scenarios are within the acceptable 
pressure range, with a maximum pressure of 115.9 psi and minimum pressure of 1.6 psi in all 
Scenarios. Results do not vary much between the different emergency valve closure times. 
 
Table 23 highlights the maximum and minimum pressures for the 30-inch Golden Anderson Ball 
Valve for different closure times. 
 

Table 23 - 30-inch GA Ball Valve Single Pump Failure 
 Max 

Pressure 

Max 
Pressure 

Time 

Description 
(Node) 

Min 
Pressure 

Min 
Pressure 

Time 

Description 
(Node) 

5 Second 
Emergency 

Closure 
115.9 1.38 

Yard Piping to 
North Surge 
Tank (ST-1) 

-1.6 10.00 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 

30 Second 
Emergency 

Closure 
115.9 1.38 

Yard Piping to 
North Surge 
Tank (ST-1) 

5.3 35.00 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 

60 Second 
Emergency 

Closure 
115.9 1.38 

Yard Piping to 
North Surge 
Tank (ST-1) 

5.6 65.00 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 

 
All pressures for the 30-inch Golden Anderson Ball Valve Scenarios are within the acceptable 
pressure range, with a maximum pressure of 115.9 psi and minimum pressure of -1.6 psi in all 
Scenarios. Results do not vary much between the different emergency valve closure times. Results 
also do not vary much between the 24-inch and 30-inch valve Scenarios. 
 
Table 24 highlights the maximum and minimum pressures for the 30-inch Golden Anderson 
Checktronic Wye Valve for different closure times. 
 

Table 24 - 30-inch GA Checktronic Wye Valve Single Pump Failure 
 

Max 
Pressure 

Max 
Pressure 

Time 

Description 
(Node) 

Min 
Pressure 

Min 
Pressure 

Time 

Description 
(Node) 

0.5 Second 
Emergency 

Closure 
144.8 5.50 

Yard Piping to 
North Surge 
Tank (ST-1) 

6.6 6.58 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 

1 Second 
Emergency 

Closure 
126.4 6.00 

Yard Piping to 
North Surge 
Tank (ST-1) 

-7.6 5.99 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 

3 Second 
Emergency 

Closure 
115.5 0.56 

Yard Piping to 
North Surge 
Tank (ST-1) 

2.4 8.00 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 

5 Second 
Emergency 

Closure 
115.5 0.56 

Yard Piping to 
North Surge 
Tank (ST-1) 

4.2 10.00 

Directly 
Upstream of 

Pump 8 Control 
Valve (CK8-I) 
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All pressures for the 30-inch Golden Anderson Checktronic Wye valve are within the acceptable 
pressure range, though the 0.5- and 1-second closure times have high pressures close to the 
allowable limits. 
 
The proposed pump control valve alternatives in all Scenarios mitigate the high pressure spikes and 
vapor cavities that occurred with existing system conditions. Detailed results can be seen in 
Appendix F, Exhibit 9. Graphs from these Scenarios are provided in Appendix F. 
 
LHCS Line Addition 
 
After the proposed pump control valve scenarios were modeled, the LHCS 36-/24-/20-inch water 
line record drawings were provided to the design engineer. Scenarios 1-4 were modeled again to 
determine the effects of adding the line, with the 24-inch Adams Disc Valve and 24-inch Golden 
Anderson Ball Valve, with surge tanks, the EWPP backpressure, and the addition of the LHCS line. 
Results with the addition of the LHCS line were very similar to the existing system results in all 
Scenarios. More detailed results can be seen in Appendix F. 
 
7.1.5. Scenario 5 – Emergency Pump Shut Down with Other Pumps Running 
 
Since results were similar between the Adams Disc Valve and the Golden Anderson Ball Valve for 
both the 24-inch and 30-inch sizes, the 24-inch Adams Disc Valve was selected to model 
confirmation scenarios. In the Emergency Pump Shut down Scenario, the emergency pump (Pump 
5) is shut down while the other 6 pumps are running, with the surge tanks and backpressure from 
the EWPP. The pump control valve fully closes over its time before the pump is taken offline. The 
Disc Valve was modeled with a 60-second and 180-second closure. Transients were not an issue 
in this Scenario, with a maximum pressure of 135.6 psi and a minimum pressure of 6.6 psi for 
between both Scenarios. Results can be seen in Appendix F, Exhibit 11. 
 
7.1.6. Scenario 6 – Emergency Pump Start-Up with all Pumps Shut Down 
 
Using the 24-inch Adams Disc Valve, the Emergency Pump Start-Up with No Other Pumps 
Running was modeled. In the Scenario, the emergency pump (Pump 5) comes online from a dead 
system, with the surge tanks and the backpressure from the EWPP. The Disc Valve was modeled 
with a 60-second and 180-second opening. The pump comes online against the closed pump 
control valve, and the valve opens continuously over the time until fully open. Transients were not 
an issue in the Scenario, with a maximum pressure of 136.1 psi and minimum pressure of 18.3 psi 
between both opening times. The emergency pump, though, runs beyond its maximum point of 
operation to meet the system demand, producing a maximum 44 MGD between both Scenarios. 
Results can be seen in Appendix F, Exhibit 12. 
 
In Emergency Pump Start-Up, it is assumed that the station is without power. An actuator that relies 
solely on electric power should not be installed. Instead, the actuator should have a standby 
battery backup or the valve should be fitted with oil dashpots for normal opening and closing of 
the valve. 
 
7.1.7. Proposed Pump Control Valve Summary 
 
In the existing system conditions, transient issues were identified with the existing check valves on 
the pump distribution lines slamming and creating high pressure spikes and vapor cavities. 
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Replacing the check valves with either the Adams Disc Valve or Golden Anderson Ball Valve, 
either 24-inch or 30-inch sizes, mitigate transients in all conditions modeled without the need for 
additional air valves or surge devices. The results for the Adams Disc Valve and the Golden 
Anderson Ball Valve are very similar. Results also do not change much between the 24-inch and 
the 30-inch valves. The Golden Anderson Checktronic Wye Valve creates high pressure spikes and 
vapor cavities in the All Pump Failure Scenario, because the valve’s emergency closure is 
hydraulically controlled and can potentially slam. This valve is not recommended for this project. 
 
7.2 Surge Tanks and Backpressure From the EWPP 
 
According to information provided by the City Drinking Water Operations staff, when the NEWPP 
pump station is offline, the EWPP is able to maintain a system backpressure of approximately 40 
psi. The two systems are connected by the 42-inch water line along Hirsch Rd. In high demand 
periods for the NEWPP system, there are times the flow control valve at Hirsch Rd and Little York 
is closed to maintain pressures at the NEWPP. In the Simultaneous All Pump Failure Scenario with 
the NEWPP producing 120 MGD, it was observed that the surge tanks empty when the 40 psi 
backpressure from the EWPP was not available. Vapor pressures also occurred in the piping to the 
surge tanks when the tanks emptied, although it is believed that this may be due primarily to a 
limitation of the modeling software. While the surge tanks each have a 6-inch vacuum relief valve 
mounted on the top that should protect the tanks from collapsing under extreme low pressure, it is 
not good engineering practice to allow the tanks to empty. The surge tanks are each connected to 
an air compressor, which help regulate the air pressure and water level in the tanks. However, the 
compressors provide no benefit during a transient event. The water level in the surge tanks is also 
dependent upon the pressure and flow rate of the water being produced from the pumps. 
 
Simultaneous All Pump Failure (worst case) was modeled with different surge tank sizes and water 
volumes to ensure the tanks do not empty. The existing surge tanks are 12 feet in diameter and 
5000 cu ft in volume, each. The surge tanks were observed during a field visit to operate with a 
water level of 6.5 ft (65% full) when the plant was producing less than 80 MGD. 
 
The analysis was performed several times increasing the size of the surge tanks, up to 10,000 cu ft 
total volume each, with the tanks 65% full of water. Without the EWPP backpressure and with the 
water volume at only 65% of the total tank volume, the tanks emptied in every instance, regardless 
of tank size. 
 
When the water level was increased to the O&M manual’s recommended level of 8.1 ft 
(approximately 80% full), the surge tanks did not empty in Simultaneous All Pump Failure with the 
plant producing 120 MGD. Instead, the pressure within the tank balanced with the system at about 
12 psi, and the tanks had a final water volume of about 2,000 cu ft each. It is recommended that 
the plant always operate with the O&M Manual recommended volume of 80% full. 
 
With the 24-inch Adams Disc Valve installed, the system was modeled without the surge tanks 
both with and without the EWPP backpressure, as seen in Table 20 under Section 7.1.1. For the 
30-second and 60-second valve closures, transients were not an issue, regardless the EWPP 
backpressure. During the 5-second closure, vapor cavities occurred in the pump discharge lines. 
 
In summary, under current conditions it is necessary to operate the surge tanks at the O&M manual 
recommended 80% full when the Hirsch Rd flow control valve is closed, to ensure the surge tanks 
do not empty. Once the proposed pump control valves have been installed, and assuming a 30 to 
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60-second valve closure time, the system can operate without the surge tanks, regardless of the 
EWPP backpressure. The City staff has stated there are problems with maintenance with the 
existing surge tanks, which would be alleviated with removing the surge tanks. One of the surge 
tanks does not have an isolation valve and therefore cannot be isolated from the system for 
maintenance and inspection. Graphs showing the air volume and air pressure within the surge 
tanks during these Scenarios can be seen in Appendix G. 
 
7.3 NHCRWA Emergency Valve Closure 
 
7.3.1 Surge Relief Devices 
 
In the NHCRWA Emergency Valve Closure Scenario, high pressures occurred in the NHCRWA 
54-inch line and in the City system due to line packing caused by the 90-second valve closure 
time, as seen in Table 12 in Section 6.7. A 90-second time for the flow control valve to go from 
full open to full close, without the NEWPP pumps backing off, caused the increase in pressures 
along with the NEWPP pumps running higher on their curves. This analysis was performed for both 
the current 80 MGD and future 120 MGD NEWPP flow rates with NHCRWA/CHCRWA taking 45 
MGD and 44 MGD in the scenarios, respectively. The 80 MGD Scenario proved to be the most 
critical Scenario, due to NHCRWA taking over half the NEWPP’s production. Customer take points 
and Customer’s demands can be seen in Appendix B, Exhibit 2. Surge relief valves were evaluated 
as a potential solution, located at the NHCRWA Spears Rd Pump Station directly upstream of the 
flow control valve. Based on conversations with a surge relief valve manufacturer, 29 MGD of flow 
to be relieved can be accommodated with either two (2) 12-inch surge relief valves or three (3) 10-
inch surge relief valves. Table 25 shows the NHCRWA 90-second valve closure with four (4) 12-
inch Golden Anderson Surge Relief valves installed, set to open at 120 psi, and the NEWPP 
producing 80 MGD. Information on the Golden Anderson Surge Relief Valve can be found in 
Appendix C. 
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Table 25 - NHCRWA Valve Closure at 80 MGD with Surge Relief Valves 

Node Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

NEWPP NEWPP 134.5 293.6 118.4 0.15 

46750 Kingwood Take 
Point 131.9 283.05 113.1 11.20 

32375 IAH Take Point 1 130.5 283.65 109.9 10.35 
71A4532 IAH Take Point 2 130.0 103.25 106.4 1.75 

D717314 
Greenspoint Take 

Point 133.1 104.50 98.0 3.10 

D710075 NHCRWA Take 
Point off City Line 

133.5 102.15 96.8 5.45 

14625 Aldine and GRP 
Group A Take Point 

117.6 282.40 101.0 10.25 

1365 
City Main System 

Take Point 105.7 292.70 92.3 14.25 

71C570 
Max System 

Pressure- Hardy 
Tollway Crossing 

142.5 104.95 107.7 2.65 

NH032VO 

Min System 
Pressure – 

NHCRWA Control 
Valve Outlet 

76.0 0.20 8.0 95.00 

 
With the four surge relief valves installed, the high pressure in the system dropped from 246.4 psi 
to 142.5 psi. The Scenario results for both 80 MGD and 120 MGD plant production can be seen in 
Appendix H. 
 
After the surge relief valve Scenario was modeled, the Customer demands used in the model were 
asked to be reevaluated.  The Customer demands were revisited and reallocated, using City 
Planning and Developmental Services (Planning) updated Peak Day planning numbers. The 80 
MGD demand set closely represents current day Peak Day demands, if all customers are peaking 
simultaneously. The 120 MGD demand set represents Planning’s 2021 Peak Day demands, if all 
customers peak simultaneously. In both demand sets, NHCRWA/CHCRWA is taking 44 MGD, the 
purchased capacity of the existing 66-inch Greens Rd water line. An exhibit showing the revised 
take point locations and customer demands can be seen in Appendix B, Exhibit 3. Table 26 shows 
how the revised demand set changed results. 
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Table 26 - Original Demand Set vs Revised Demand Set (80 MGD) 

Node 
Location 

Description 

Original Demands Revised Demands 
Max Pressure 

(psi) 
Max Pressure 

Time (sec) 
Min Pressure 

(psi) 
Min Pressure 
Time (sec) 

NEWPP NEWPP 133.1 118.3 138.7 117.1 
32375 IAH Take Point 159.9 106.1 167.4 109.0 

D717314 Greenspoint Take 
Point 197.4 89.6 202.6 93.7 

D710075 
NHCRWA Take 

Point off City Line 208.5 88.4 212.2 92.6 

14625 Aldine and GRP 
Group A Take Point 

160.1 98.5 167.9 108.6 

1365 City Main System 
Take Point 

124.1 94.1 179.1 93.6 

71C570 
Hardy Tollway 

Crossing 231.2 79.1 212.1 93.7 

 
Pressure results vary some throughout the system between the demand sets, mostly because the 
NEWPP is not sending water to the main system in the Revised Demand Scenario and a smaller 
percentage of water is being taken at the extremities of the system. 
 
At the request of NHCRWA, and as an alternative to the installation of surge relief valves, revised 
flow control valve closure times were evaluated for the Spears Rd pump station. This analysis 
revised demand set was used for both 80 MGD and 120 MGD NEWPP flow rates to determine the 
minimum time for NHCRWA to close their flow control valve without causing high pressures 
throughout the system. Table 27 shows the results for a 30-minute continuous valve closure when 
the NEWPP produces 80 MGD (worst case Scenario). 
 

Table 27 – NHCRWA 30-Minute Valve Closure (80 MGD) 

Node Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

NEWPP NEWPP 133.0 1840.95 117.1 15.70 
32375 IAH Take Point 130.4 1826.95 109.0 5.50 

D717314 Greenspoint Take 
Point 

131.1 1813.35 93.7 19.05 

D710075 NHCRWA Take 
Point off City Line 132.1 1811.00 92.6 21.80 

14625 
Aldine and GRP 

Group A Take Point 129.1 1832.25 108.6 0.60 

1365 City Main System 
Take Point 

128.6 1836.25 107.8 22.60 

71C570 
Max System 

Pressure - Hardy 
Tollway Crossing 

140.5 1813.80 103.6 18.55 

 
With a 30-minute closure of the flow control valve, the maximum system pressure dropped from 
246.4 psi to 140.5 psi. With the 120 MGD demand set, a 6-minute valve closure time brought the 
maximum pressure under 150 psi. As this is a current practice, it is therefore recommended that 
the NHCRWA immediately change their emergency valve closure time from 90 seconds to 30 
minutes, and that they notify the NEWPP operations staff anytime this valve is operated so that 
pump station discharge can be reduced accordingly.More detailed results and graphs can be seen 
in Appendix H. 
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7.3.2 Simultaneous All Pump Failure at the NEWPP 
 
To insure the transmission lines are properly protected in the Northeast System, a Pump Failure 
Scenario at the NEWPP was modeled using the updated macro model developed previously for the 
transmission system design. It was assumed that all combination air/vacuum valves on the City’s 
and NHCRWA’s transmission lines are in working order, and the 24-inch Adams Disc Valve had 
been installed at the plant. Due to the timestep limitations of the macro model, neither the 
combination air/vacuum valves on the pump discharge lines, nor both the combination air/vacuum 
valves in series directly upstream of the flow meters were included. Table 28 highlights some of the 
results from the Simultaneous All Pump Failure Scenario in the macro model with the NEWPP 
producing 120 MGD. 
 

Table 28 – Simultaneous All Pump Failure Macro Model 

Node Location 
Description 

Max Pressure 
(psi) 

Max Pressure 
Time (sec) 

Min Pressure 
(psi) 

Min Pressure 
Time (sec) 

NEWPP NEWPP 116.8 0.00 0.4 115.55 
32375 IAH Take Point 108.7 13.10 2.9 125.75 

D717314 
Greenspoint Take 

Point 93.5 26.85 7.6 144.90 

D710075 NHCRWA Take 
Point off City Line 

92.4 29.15 7.9 147.75 

14625 Aldine and GRP 
Group A Take Point 108.5 8.00 6.6 141.85 

1365 
City Main System 

Take Point 107.7 3.80 -0.24 138.95 

MUD0250 
Max System 

Pressure – LHCS 
Line 

122.0 0.85 3.34 116.85 

 
The maximum system pressure in the event of Simultaneous All Pump Failure is 122.0 psi, 
occurring in the LHCS line. In conclusion, in the event of NEWPP power failure, the transmission 
lines are protected with the existing combination air/vacuum valves. Graphs of the results can be 
seen in Appendix H. 
 
8.0 Conclusions and Recommendations 
 

 Pressure spikes and vapor cavities occur in the pump discharge lines due to the existing 
check valves slamming in Pump Failure. The existing check valves on the pump 
distribution lines should be replaced with one of the proposed pump control valves. From a 
transient perspective, the 24-inch and 30-inch Adams Disc Valves or the Golden Anderson 
Ball Valves are recommended. A 30-second emergency valve closure setting is 
recommended, as well as a 60-second normal valve opening and closure setting. These 
valves and timings mitigate transients both with and without the surge tanks, and do not 
require additional air/vacuum valves or surge devices. 

 

 Backflow through the pump discharge lines and through the pumps was noted during the 
time it takes the control valves to close. Although the pumps are equipped with ratchet 
devices, preventing the pumps from backspin, it is recommended that the design engineer, 
CDM Smith, evaluate whether the quantity or rate of backflow would be an issue for the 
pumps, motors or existing pipe. 
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 The surge tanks empty in Simultaneous All Pump Failure Scenarios when the initial water 
level is at the level observed during site visits (65% full), and without the backpressure from 
the EWPP. When the surge tanks are reset to operate at 80% full (O&M manual 
recommended level), the tanks do not empty with or without backpressure. It is 
recommended that the surge tanks operate at 80% full until the proposed pump control 
valves can be installed. Once the proposed pump control valves are installed, the surge 
tanks are no longer necessary to protect the pump station and can be removed. 

 

 When the NHCRWA flow control valve closes at the current defined emergency closure 
time of 90 seconds, line packing and pressure transients occur causing extended pressure 
increases throughout the transmission system in excess of 200 psi, while the NEWPP 
continues pumping the same rate. Four 12-inch Golden Anderson Surge Relief valves, with 
a 120 psi setting to open, are recommended at the NHCRWA Spears Rd Pump Station. 
Until the surge relief valves can be installed, or as an alternative to the installation of these 
valves, NHCRWA should adjust their flow control valve closure of 90 seconds no faster 
than 30 minutes. NHCRWA should also notify the NEWPP before they begin closing their 
valve, so the NEWPP operators can adjust their pumping operations.  

 

 For this study, it has been assumed that all existing combination air vacuum valves at the 
NEWPP pump station and in the transmission system are operational. It is recommended 
that proper operation of all existing air/vacuum valves on the NEWPP and NHCRWA 
transmission mains be confirmed, and that these facilities be maintained in proper working 
conditions. 
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NEWPP Existing System Information 
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City of Houston, Texas

Northeast Water Purification Plant - Improvements

WBS No.: S-000066-0012-3

Existing HSPS Pump Startup and Shutdown and Valve Timing Evaluation

SWTP PRODUCTION (MGD):

HSPS PRODUCTION (MGD): 67 MGD at 66 psi (9:41 AM)

SURGE EMO BFV EMO BFV EMO BFV EMO BFV SURGE

TANK Close Time at Close Time at Close Time at Close Time at EMO BFV Time for Pump TANK Mechanical Water 

Pump Start-Up LEVEL Header Pump Discharge GST Level Position of EMO EMO Moved to Time at Start of Valve Position Valve Position Valve Position Valve Position Valve Position To Spin Down LEVEL Header Check Valve Hammer

Pump Shut-Down Prior to… Pressure Pressure Prior  Prior BFV Prior to 100% Open Shutdown or @ 75% open @ 50% Open @ 25% Open @ 0% Open When Pump to 0% Speed After… Pressure Closure Observed?

Scenario (feet)  (psig) to…. (psig) to …..(psig) Shutdown (YES OR NO) Start-up (seconds) (seconds) (seconds) (seconds) Motor Disabled (seconds) (feet)  (psig) @ BFV Position (YES OR NO)

7'-1" E
SCADA 78 

psi
29.12 6'-7" E

6'-11.5" W Field 84 psi

Note: 3 second 

delay between 

operator starting 

sequence and 

control valve 

begin closing (not 

included in time)

6'-8" W

2
PUMP XXXX 

SHUTDOWN

3
PUMP XXXX 

SHUTDOWN

4
PUMP XXXX 

SHUTDOWN

69 psi 22°10:39 AM 57.01 84.96 112.91 27° 1.51 PUMP 6 SHUTDOWN 80 psi 26.38' Fully Open Yes

CDM Smith - LAN NEWPP Improvements WNS No. S-000066-0012-3, Transient Analysis 9/20/2013 Page 1 of 2



City of Houston, Texas

Northeast Water Purification Plant - Improvements

WBS No.: S-000066-0012-3

Existing HSPS Pump Startup and Shutdown and Valve Timing Evaluation

SWTP PRODUCTION (MGD):

HSPS PRODUCTION (MGD): 67 MGD at 66 psi (9:41 AM)

SURGE EMO BFV EMO BFV EMO BFV EMO BFV EMO BFV SURGE

TANK Adjacent Open Time at Open Time at Open Time at Open Time at Open Time at Time for Pump TANK Mechanical Water 

Pump Start-Up LEVEL Header Pump Discharge GST Level Pump Discharge EMO BFV at Time at Start of Valve Position Valve Position Valve Position Valve Position Valve Position To Spin Up LEVEL Header Check Valve Hammer

Pump Shut-Down Prior to… Pressure Pressure Prior Prior Pressure Prior 100% Closed? Shutdown or @ 100% open @ 75% open @ 50% Open @ 25% Open @ 0% Open to 100% Speed After… Pressure Open Observed?

Scenario (feet)  (psig) to…. (psig) to …..(psig) to…. (psig) (YES OR NO) Start-up (seconds) (seconds) (seconds) (seconds) (seconds) (seconds) (feet)  (psig) @ BFV Position (YES OR NO)

6'-8" E
SCADA 65.5 

psi

Pump 7 Before - 96 

psi
10.00 7'-1" E

SCADA 77 

psi

6'-7" W Field 78 psi
Pump 7 After - 100 

psi

Note: 10 second 

delay between 

operator starting 

sequence and 

control valve 

begin opening

 6'-11.5" W Field 84 psi

6 PUMP 3 STARTUP 38.84 29.13 19.42 9.71

Note: Control 

Valve for Pump 3 

was opened with 

Pump 3 offline

7
PUMP XXXX 

STARTUP

8
PUMP XXXX 

STARTUP

36.35PUMP 6 STARTUP5 1.50 psi 26.52' Yes 10:30 AM 120.39 92.65 64.30

CDM Smith - LAN NEWPP Improvements WNS No. S-000066-0012-3, Transient Analysis 9/20/2013 Page 2 of 2



NEWPP Improvements Transient Analysis 

 

History of NEWPP HSPS Pump Research 
 
The following information was provided by CDM-Smith to LAN July 1, 2013 via the eRoom: 

- Curves for Pumps 1 – 4 dated December 2002 showing rated flow 20 MGD and TDH of 
144-ft. 

- Floway pump shop drawing certified 10/18/02 showing rated flow 27 MGD (19,000 gpm) 
and TDH of 117-ft 

- 14.2 Component Description showing rated flow 20 MGD (13,888 gpm) and TDH of 
191-ft 
 

LAN conducted a site visit of the HSPS on July 12, 2013.  During our visit, we noticed the Pumps’ 
1 – 4 nameplates indicated rating of 27 MGD at 117-ft TDH.  In an effort to reconcile the pump 
curves, we contacted the Steve Gavlick with Floway Pumps. (Steve was assigned to us as the 
Floway rep through Weir Minerals when we first obtained the pump WR2 values.) 
 
We gave Steve all the pump information we had received, including pictures of the existing pump 
nameplates. Steve then provided: 

- Certified shop drawing for Pumps 1 - 4 dated 1/15/05 with rated flow 20 MGD (13,888 
gpm) at TDH 191-ft. (see pump submittal and pump curve) 

 
Based on LAN’s conversations with Steve Gavlick, all 8 pumps at the NEWPP HSPS are 20 MGD 
pumps with a TDH of 191-ft. Steve confirmed, when Pumps 6 - 8 were installed in 2005, Pumps 1 
– 5 were rebowled and given new column assemblies. However, the heads were reused and it is 
believed that the nameplates were not replaced.  
 







































 

 

 
 
 
 
 
 

Appendix B 
 

Model Exhibits and Schematics 
  



NEWPP Improvements Transient Analysis 
 

Index 
 
Exhibit 1 Micro Model Pump Station and Water Lines 
 
Exhibit 2 Original Demand Set – Macro Model Water Lines and Theoretical Demands 
 
Exhibit 3 Macro Model Water Lines and Revised Theoretical Demands 
 
Exhibit 4 NEWPP Micro Model Schematic  
 
Exhibit 5 NEWPP Macro Model Schematic  
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Appendix C 
 

NHCRWA Valve Information 
  



NEWPP Improvements Transient Analysis 
 

Index 
 
Stealth Energy Dissipating Valve Information 
 
Pratt Sleeve Valve Information 
 
Summary of Surge Relief Valve Conversations with Fred Peirce, Senior Engineer GA Industries, LLC 
 
Golden Anderson Surge Relief Valve Information 
 

























































 

 

 
 
 
 
 
 

Appendix D 
 

Existing System Results 
  



NEWPP Improvements Transient Analysis 
 

Index 
 
Scenario 1a – Simultaneous All Pump Failure 
 
Scenario 1b – Simultaneous All Pump Failure without Surge Tanks 
 
Scenario 1c – Simultaneous All Pump Failure with LHCS Line 
 
Scenario 2a – Normal Pump Shut Down 
 
Scenario 2b – Normal Pump Shut Down without Surge Tanks 
 
Scenario 3a – Normal Pump Start Up 
 
Scenario 3b – Normal Pump Start Up without Surge Tanks 
 
Scenario 4a – Single Pump Failure with Five Pumps Running 
 
Scenario 4b – Single Pump Failure with Five Pumps Running without Surge Tanks 
 
Scenario 4c – Single Pump Failure with Five Pumps Running with LHCS Line 
 
Scenario 7 – NHCRWA Emergency Valve Closure at 80 MGD 
 
 



 

 

How To Read a Time Plot from LIQT 
 

A TIME Plot in LIQT displays variables as a function of simulation time for a given node. 

Nodes (See Model Schematic) 
This data plotted 

on Primary Y-Axis 

with units as 

shown 

Plot Type & X-Axis Units 





 
 

Existing System Conditions 
Scenario 1a – Simultaneous All Pump Failure 

 
 
 

 
  



 
Existing System Conditions 

Scenario 1a – Simultaneous All Pump Failure 
 
 
 

 
  



 
Existing System Conditions 

Scenario 1a – Simultaneous All Pump Failure 
 
 
 

 
  



 
Existing System Conditions 

Scenario 1a – Simultaneous All Pump Failure 
 
 
 

 
AIRP – Air Pressure in Surge Tank 
VOL – Volume of Air in Surge Tank 
  





 
Existing System Conditions 

Scenario 1b – Simultaneous All Pump Failure without Surge Tanks 
 
 
 

  
  



 
 
 

Existing System Conditions 
Scenario 1b – Simultaneous All Pump Failure without Surge Tanks 

 

 

 

 
 
  



 
Existing System Conditions 

Scenario 1c – Simultaneous All Pump Failure with LHCS Line 
 
 
 

 
  





 
Existing System Conditions 

Scenario 1c – Simultaneous All Pump Failure with LHCS Line 
 
 
 

 
 

  



 
Existing System Conditions 

Scenario 1c – Simultaneous All Pump Failure with LHCS Line 
 
 
 

 
AIRP – Air Pressure in Surge Tank 
VOL – Volume of Air in Surge Tank 
  



 

 
Existing System Conditions 

Scenario 2 – Normal Pump Shut Down 
 
 
 

 
 

  





 
Existing System Conditions 

Scenario 2a – Normal Pump Shut Down 
 
 

 

 
 
 

  



 
Existing System Conditions 

Scenario 2a – Normal Pump Shut Down 
 
 

 

 
  



 
Existing System Conditions 

Scenario 2a – Normal Pump Shut Down 
 
 

 

 
AIRP – Air Pressure in Surge Tank 
VOL – Volume of Air in Surge Tank 
  





 
Existing System Conditions 

Scenario 2b – Normal Pump Shut Down without Surge Tanks 
 
 
 

 
  



 
Existing System Conditions 

Scenario 2b – Normal Pump Shut Down without Surge Tanks 
 
 
 
 

  
  



Existing System Conditions  
Scenario 2b – Normal Pump Shut Down without Surge Tanks 

 
 
 

 
  





 
Existing System Conditions  

Scenario 3a – Normal Pump Start Up 
 
 
 

 
 

  



Existing System Conditions  
Scenario 3a – Normal Pump Start Up 

 
 

 
 

  



 
Existing System Conditions  

Scenario 3a – Normal Pump Start Up 
 
 
 

 
 

  
  



 
Existing System Conditions 

Scenario 3a – Normal Pump Start Up 
 
 
 

 
AIRP – Air Pressure in Surge Tank 
VOL – Volume of Air in Surge Tank 
  





 
Existing System Conditions  

Scenario 3b – Normal Pump Start Up without Surge Tanks 
 
 
 

 
  



Existing System Conditions  
Scenario 3b – Normal Pump Start Up without Surge Tanks 

 
 
 

 
  



Existing System Conditions  
Scenario 3b – Normal Pump Start Up without Surge Tanks 

 
 
 

 
  





Existing System Conditions  
Scenario 4a – Single Pump Failure with Five Pumps Running 

 
 
 

 
 

  



Existing System Conditions  
Scenario 4a – Single Pump Failure with Five Pumps Running 

 
 
 

 
  



Existing System Conditions  
Scenario 4a – Single Pump Failure with Five Pumps Running 

 
 
 

 
 

  



Existing System Conditions  
Scenario 4a – Single Pump Failure with Five Pumps Running 

 
 
 

 
 

AIRP – Air Pressure in Surge Tank 
VOL – Volume of Air in Surge Tank 
  





Existing System Conditions  
Scenario 4b – Single Pump Failure with Five Pumps Running without Surge Tanks  

 
 
 

 
  



Existing System Conditions  
Scenario 4b – Single Pump Failure with Five Pumps Running without Surge Tanks  

 
 
 

 
  



 
Existing System Conditions  

Scenario 4b – Single Pump Failure with Five Pumps Running without Surge Tanks  
 
 
 

 
  





 
Existing System Conditions  

Scenario 4c – Single Pump Failure with Five Pumps Running with LHCS Line  
 
 
 

 
  



 
Existing System Conditions  

Scenario 4c – Single Pump Failure with Five Pumps Running with LHCS Line  
 
 
 

 
 

  





 
Existing System Conditions 

Scenario 7 – NHCRWA Emergency Valve Closure at 80 MGD 
 
 
 

 
  



 
Existing System Conditions 

Scenario 7 – NHCRWA Emergency Valve Closure at 80 MGD 
 
 
 

 
 



 
Existing System Conditions 

Scenario 7 – NHCRWA Emergency Valve Closure at 80 MGD 
 
 
 

 
  



 
Existing System Conditions 

Scenario 7 – NHCRWA Emergency Valve Closure at 80 MGD 
 
 
 

 
  



 
Existing System Conditions 

Scenario 7 – NHCRWA Emergency Valve Closure at 80 MGD 
 
 
 

 
  



 

 

 
 
 
 
 
 

Appendix E 
 

Proposed Pump Control Valve Information 
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Index 
 
Hand Sketches from CDM Smith – Proposed Pump Control Valve Improvements 
 
Adams Triple Offset Disc Valve Information 
 
Adams Triple Offset Disc Valve CV Values 
 
Adams Triple Offset Disc Valve Closure Profile 
 
Golden Anderson Resilient Seated Ball Valve Information 
 
Golden Anderson Resilient Seated Ball Valve Closure Profile 
 
Golden Anderson Wye CHECKtronic Valve Information 
 
Golden Anderson Wye CHECKtronic Valve Closure Profile 
 





















































 

 

 
 
 
 
 
 

Appendix F 
 

Proposed Pump Control Valve Results 
  



NEWPP Improvements Transient Analysis  
 

Index 
 
EXHIBIT 1 Scenario 1 - Simultaneous Failure of All Pumps 
 
EXHIBIT 2 Scenario 1 - Simultaneous Failure of All Pumps without Surge Tanks 
 
EXHIBIT 3 Scenario 1 - Simultaneous Failure of All Pumps without Surge Tanks and EWPP 
Backpressure 
 
EXHIBIT 4 Scenario 1 - Simultaneous Failure of All Pumps with Lake Houston Cost Share 36-inch 
Water Line 
 
EXHIBIT 5 Scenario 2 - Normal Shutdown 
 
EXHIBIT 6 Scenario 2 - Normal Pump Shutdown with Summerwood 36-inch Water Line 
 
EXHIBIT 7 Scenario 3 - Normal Startup 
 
EXHIBIT 8 Scenario 3 - Normal Pump Start Up with Summerwood 36-inch Water Line 
 
EXHIBIT 9 Scenario 4 - Single Pump Failure 
 
EXHIBIT 10 Scenario 4 - Single Pump Failure with Other Pumps Running with Summerwood 36-
inch Water Line 
 
EXHIBIT 11 Scenario 5 - Emergency Diesel Pump (Pump 5) Shutdown with Other Pumps Running 
 
EXHIBIT 12 Scenario 6 - Emergency Diesel Pump Start Up with No Other Pumps Running 
 
Scenario 1 – Simultaneous All Pump Failure Adams 30-inch Disc Valve 30-sec Emergency Closure 
 
Scenario 1 – Simultaneous All Pump Failure without Surge Tanks Adams 24-inch Disc Valve 30-
sec Emergency Closure 
 
Scenario 1 – Simultaneous All Pump Failure without Surge Tanks and EWPP Backpressure Adams 
24-inch Disc Valve 30-sec Emergency Closure 
 
Scenario 1 – Simultaneous All Pump Failure 24-inch GA Ball Valve 30-sec Emergency Closure 
 
Scenario 1 – Simultaneous All Pump Failure 30-inch GA Ball Valve 30-sec Emergency Closure 
 
Scenario 1 – Simultaneous All Pump Failure 30-inch GA Wye Valve 0.5-sec Emergency Closure 
 
Scenario 1 – Simultaneous All Pump Failure 30-inch GA Wye Valve 1-sec Emergency Closure 
 
Scenario 2 – Normal Pump Shut Down Adams 30-inch Disc Valve 60-sec Closure 
 
Scenario 2 – Normal Pump Shut Down GA 24-inch Ball Valve 60-sec Closure 
 
Scenario 2 – Normal Pump Shut Down GA 30-inch Ball Valve 60-sec Closure 
 
Scenario 2 – Normal Pump Shut Down GA 30-inch Wye Valve 60-sec Closure 
 
Scenario 3 – Normal Pump Start Up Adams 30-inch Disc Valve 60-sec Opening 
 
Scenario 3 – Normal Pump Start Up GA 24-inch Ball Valve 60-sec Opening 



NEWPP Improvements Transient Analysis  
 

Scenario 3 – Normal Pump Start Up GA 30-inch Wye Valve 60-sec Opening 
 
Scenario 4 – Single Pump Failure with Five Pumps Running Adams 30-inch Disc Valve 30-sec 
Emergency Closure 
 
Scenario 4 – Single Pump Failure with Five Pumps Running GA 24-inch Ball Valve 30-sec 
Emergency Closure 
 
Scenario 4 – Single Pump Failure with Five Pumps Running GA 30-inch Ball Valve 30-sec 
Emergency Closure 
 
Scenario 4 – Single Pump Failure with Five Pumps Running GA 30-inch Ball Wye 0.5-sec 
Emergency Closure 
 
Scenario 4 – Single Pump Failure with Five Pumps Running GA 30-inch Ball Wye 1-sec Emergency 
Closure 
 
Scenario 5 – Emergency Pump 5 Shut Down with Five Pumps Running Adams 24-inch Disc Valve 
60-sec Closure 
 
Scenario 6 – Emergency Pump 5 Start-Up with All Pumps Shut Down Adams 24-inch Disc Valve 
30-sec Opening 
 
 



NEWPP Improvements

Transient Analysis

All pumps fail after running for 5 seconds

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Backflow

Time 

(sec)

5 Second 

Emergency 

Closure

131.3 8.50

Directly Downstream of 

Pump 6  Control Valve 

(CK6-O)

-5.9 8.50

Directly Upstream of 

Pump 7 Control Valve 

(CK7-I)

-30.65 MGD 

(Pump 8)
6.27

30 Second 

Emergency 

Closure

115.8 1.34
Yard Piping to North 

Surge Tank (ST-1)
5.7 26.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-30.76 MGD 

(Pump 8)
6.27

60 Second 

Emergency 

Closure

115.8 1.39
Yard Piping to North 

Surge Tank (ST-1)
6.3 47.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-30.76 MGD 

(Pump 8)
6.27

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Backflow

Time 

(sec)

5 Second 

Emergency 

Closure

115.9 1.38
Yard Piping to North 

Surge Tank (ST-1)
2.3 2.25

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-30.79 MGD 

(Pump 8)
6.27

30 Second 

Emergency 

Closure

115.9 1.38
Yard Piping to North 

Surge Tank (ST-1)
6.2 35.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-30.76 MGD 

(Pump 8)
6.27

60 Second 

Emergency 

Closure(1)

115.9 1.39
Yard Piping to North 

Surge Tank (ST-1)
6.6 65.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-29.5 MGD 

(Pump 8)
6.15

(1) Surge Tanks empty with 60 second valve closure

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Backflow

Time 

(sec)

5 Second 

Emergency 

Closure

115.9 1.38
Yard Piping to North 

Surge Tank (ST-1)
-1.2 10.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-30.84 MGD 

(Pump 8)
6.27

30 Second 

Emergency 

Closure

115.9 1.39
Yard Piping to North 

Surge Tank (ST-1)
6.1 35.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-30.85 MGD 

(Pump 8)
6.27

60 Second 

Emergency 

Closure(1)

115.9 1.37
Yard Piping to North 

Surge Tank (ST-1)
6.5 65.00

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-29.5 MGD 

(Pump 8)
6.15

(1) Surge Tanks empty with 60 second valve closure

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Backflow

Time 

(sec)

0.5 Second 

Emergency 

Closure

178.4 5.55

Directly Downstream of 

Pump 4  Control Valve 

(CK4-O)
6.6(1) 179.8

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-6.0 MGD 

(Pump 8)
5.45

1 Second 

Emergency 

Closure

183.9 6.00

Directly Downstream of 

Pump 7  Control Valve 

(CK7-O)

-12.9 6.50

Directly Upstream of 

Pump 3 Control Valve 

(CK3-I)

-19.63 MGD 

(Pump 8)
5.74

3 Second 

Emergency 

Closure

115.5 0.56
Yard Piping to North 

Surge Tank (ST-1)
2.5(1) 8.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-28.58 MGD 

(Pump 8)
6.14

5 Second 

Emergency 

Closure

115.5 0.56
Yard Piping to North 

Surge Tank (ST-1)
4.6(1) 10.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-29.5 MGD 

(Pump 8)
6.15

(1) Minimum pressures occur on multiple Control Valve inlets

Adams 30-inch AZI Disc Valve

Golden Anderson 24-inch Resilient Ball Valve

Golden Anderson 30-inch Resilient Ball Valve

Golden Anderson 30-inch Checktronic Wye Valve

EXHIBIT 1

Scenario 1 - Simultaneous Failure of All Pumps



NEWPP Improvements

Transient Analysis

All pumps fail after running for 5 seconds

Location Description
Max Pressure 

(psi)

Time 

(sec)

Min Pressure 

(psi)

Time 

(sec)

DH-2
Discharge Header at 

Pump 2
105.9 0.01 -14.05 8.56

DH-8
Discharge Header at 

Pump 8
105.9 0.00 -14.4 8.54

VL2-I Flow Meter 105.92 0.00 -5.4 8.71

VL3-I Flow Meter 105.9 0.00 -5.4 9.08

PL-END Fence Line of Plant 107.6 0.00 7.3 9.50

HAWC-4 84-inch line at Beltway 8 106.8 0.00 22.3 10.41

ST-1

Max System Pressure - 

Yard Piping to Surge Tank 

1

115.6 0.00 -11.5 8.92

CK8-O(1)

Min System Pressure - 

Downstream of Pump 8 

Control Valve

107.1 0.00 -14.4 8.55

Location Description
Max Pressure 

(psi)

Time 

(sec)

Min Pressure 

(psi)

Time 

(sec)

DH-2
Discharge Header at 

Pump 2
105.9 0.01 6.0 10.38

DH-8
Discharge Header at 

Pump 8
105.9 0.00 5.8 7.7

VL2-I Flow Meter 105.9 0.00 5.8 10.36

VL3-I Flow Meter 105.9 0.00 5.8 10.38

PL-END Fence Line of Plant 107.6 0.00 12.3 15.52

HAWC-4 84-inch line at Beltway 8 106.8 0.00 12.4 18.15

HAWC-1
Max System Pressure - 

84" Water Line
109.5 0.00 14.6 17.79

BFV8-O

Min System Pressure - 

Downstream of Pump 8 

Butterfly Valve

109.3 0.00 5.81 7.71

Location Description
Max Pressure 

(psi)

Time 

(sec)

Min Pressure 

(psi)

Time 

(sec)

DH-2
Discharge Header at 

Pump 2
105.9 0.01 6.0 10.38

DH-8
Discharge Header at 

Pump 8
105.9 0.00 5.8(1) 7.72

VL2-I Flow Meter 105.9 0.00 5.8 10.4

VL3-I Flow Meter 105.9 0.00 5.8 10.38

PL-END Fence Line of Plant 107.6 0.00 12.3 18.3

HAWC-4 84-inch line at Beltway 8 106.8 0.00 12.4 19.2

HAWC-1
Max System Pressure - 

84" Water Line
109.4 0.00 14.5 18.8

(1) Minimum System Pressure

Adams 24-inch AZI Disc Valve (5 Second Closure)

Adams 24-inch AZI Disc Valve (30 Second Closure)

Adams 24-inch AZI Disc Valve (60 Second Closure)

(1) Minimum pressure occures in multiple locations along pump discharge lines

EXHIBIT 2

Scenario 1 - Simultaneous Failure of All Pumps without Surge Tanks



NEWPP Improvements

Transient Analysis

All pumps fail after running for 5 seconds

Location Description
Max Pressure 

(psi)

Time 

(sec)

Min Pressure 

(psi)

Time 

(sec)

DH-2
Discharge Header at 

Pump 2
105.9 0.00 5.8 18.79

DH-8
Discharge Header at 

Pump 8
106.0 0.00 5.7(1) 18.59

VL2-I Flow Meter 105.9 0.00 6.2 10.36

VL3-I Flow Meter 106.0 0.00 6.3 10.38

PL-END Fence Line of Plant 107.6 0.43 11.5 21.18

HAWC-4 84-inch line at Beltway 8 106.8 0.00 11.6 24.26

ST-1

Max System Pressure - 

Yard Piping to Surge Tank 

1

115.6 0.02 15.4 18.61

(1) Minimum System Pressure

Location Description
Max Pressure 

(psi)

Time 

(sec)

Min Pressure 

(psi)

Time 

(sec)

DH-2
Discharge Header at 

Pump 2
105.9 0.00 5.7(1) 35.46

DH-8
Discharge Header at 

Pump 8
106.0 0.00 5.7(1) 31.68

VL2-I Flow Meter 106.0 0.00 6.3 10.36

VL3-I Flow Meter 106.0 0.00 6.3 10.38

PL-END Fence Line of Plant 107.6 0.43 11.3 36.19

HAWC-4 84-inch line at Beltway 8 106.9 0.00 11.4 37.85

ST-1

Max System Pressure - 

Yard Piping to Surge Tank 

1

115.6 0.02 15.3 18.81

(1) Minimum System Pressure

Adams 24-inch AZI Disc Valve (30 Second Closure)

Adams 24-inch AZI Disc Valve (60 Second Closure)

EXHIBIT 3

Scenario 1 - Simultaneous Failure of All Pumps without Surge Tanks and EWPP Backpressure



NEWPP Improvements

Transient Analysis

All pumps fail after running for 5 seconds

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Backflow

Time 

(sec)

5 Second 

Emergency 

Closure

115.3 0.16
Yard Piping to North 

Surge Tank (ST-1)
0.2 177.71

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-30.26 MGD 

(Pump 8)
6.17

30 Second 

Emergency 

Closure

115.3 0.16
Yard Piping to North 

Surge Tank (ST-1)
6.1 26.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-30.57 MGD 

(Pump 8)
6.27

60 Second 

Emergency 

Closure

115.3 0.16
Yard Piping to North 

Surge Tank (ST-1)
6.4 47.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

-30.58 MGD 

(Pump 8)
6.27

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Backflow

Time 

(sec)

5 Second 

Emergency 

Closure

116.2 0.16
Yard Piping to North 

Surge Tank (ST-1)
2.2 10.00

Directly Downstream of 

Pump 3 Control Valve 

(CK3-O)

-30.94 MGD 

(Pump 8)
6.23

30 Second 

Emergency 

Closure

116.2 0.16
Yard Piping to North 

Surge Tank (ST-1)
6.3 35.00

Directly Downstream of 

Pump 2 Control Valve 

(CK2-O)

-31.00 MGD 

(Pump 8)
6.27

60 Second 

Emergency 

Closure(1)

116.2 0.16
Yard Piping to North 

Surge Tank (ST-1)
6.5 65.00

Directly Upstream of 

Pump 3 Control Valve 

(CK3-I)

-29.69 MGD 

(Pump 8)
6.15

(1) Surge Tanks empty in this scenario

Adams 24-inch AZI Disc Valve

Golden Anderson 24-inch Resilient Ball Valve

EXHIBIT 4

Scenario 1 - Simultaneous Failure of All Pumps with Lake Houston Cost Share 36-inch Water Line



NEWPP Improvements

Transient Analysis

Max Pressure 

(psi)
Time (sec) Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Closure
136.0 4547.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

6.6 4780.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

42.9 MGD 

(Pump 2)
3764.57

180 Second 

Closure
135.5 4631.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

6.6 4899.58

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

42.9 MGD 

(Pump 2)
3856.85

Max Pressure 

(psi)
Time (sec) Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Closure
135.6 4565.00

Directly Upstream of 

Pump 2 Control Valve 
6.58 4799.80

Directly Upstream of 

Pump 2 Control Valve 

43.08 MGD 

(Pump 2)
3782.57

180 Second 

Closure
135.6 4685.00

Directly Upstream of 

Pump 2 Control Valve 
6.58 4899.66

Directly Upstream of 

Pump 2 Control Valve 

43.08 MGD 

(Pump 2)
3913.17

Max Pressure 

(psi)
Time (sec) Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Closure
135.8 4565.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

6.58 4799.80

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

43.10 MGD 

(Pump 2)
3782.6

180 Second 

Closure
135.5 4685.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

6.58 4899.58

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

43.10 MGD 

(Pump 2)
3912.91

Max Pressure 

(psi)
Time (sec) Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Closure
135.5 4565.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

6.58 4799.80

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

42.28 MGD 

(Pump 2)
3793.97

180 Second 

Closure
135.4 4685.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

6.58 4899.58

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

42.28 MGD 

(Pump 2)
3924.51

60 Second Closure 180 Second Closure

Pump 2 control valve closes at 4565 seconds Pump 2 control valve closes at 4685 seconds

Golden Anderson 30-inch Checktronic Wye Valve

Golden Anderson 30-inch Resilient Ball Valve

Golden Anderson 24-inch Resilient Ball Valve

Adams 30-inch AZI Disc Valve

EXHIBIT 5

Scenario 2 - Normal Shutdown



NEWPP Improvements

Transient Analysis

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Closure
135.7 4547.00

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)
6.6(1) 4800.0

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

42.63 MGD 

(Pump 2)
3765.31

180 Second 

Closure
135.4 4631.0

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)
6.6(1) 4899.6

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

42.63 MGD 

(Pump 2)
3849.54

(1) Minimum pressure occurs at each respective pump control valve when it closes

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Closure
135.6 4565.0

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)
6.6(1) 4800.0

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

43.25 MGD 

(Pump 2)
3783.0

180 Second 

Closure
135.4 4685.0

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)
6.6(1) 4899.6

Directly Downstream of 

Pump 2 Control Valve 

(CK2-O)

43.25 MGD 

(Pump 2)
3903.3

(1) Minimum pressure occurs at each respective pump control valve when it closes

Adams 24-inch AZI Disc Valve

Golden Anderson 24-inch Resilient Ball Valve

EXHIBIT 6 

Scenario 2 - Normal Pump Shutdown with Summerwood 36-inch Water Line



NEWPP Improvements

Transient Analysis

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Opening
116.9 408.80

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

18.3 0.00
Suction Side of Pump 

8 (Well-8)

45.92 MGD 

(Pump 8)
36.18

180 Second 

Opening
116.9 1008.81

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

18.3 0.00
Suction Side of Pump 

8 (Well-8)

43.50 MGD 

(Pump 8)
141.10

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Closure
116.7 408.81

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

18.3 0.00
Suction Side of Pump 

8 (Well-8)

44.69 MGD 

(Pump 8)
58.7

180 Second 

Closure
116.6 808.73

Directly Upstream of 

Pump 3 Control Valve 

(CK3-I)

18.3 0.00
Suction Side of Pump 

8 (Well-8)

43.35 MGD 

(Pump 8)
177.01

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Closure
116.5 408.66

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

18.3 0.00
Suction Side of Pump 

8 (Well-8)

44.8 MGD 

(Pump 8)
46.84

180 Second 

Closure
115.8 8.23

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

18.3 0.00
Suction Side of Pump 

8 (Well-8)

43.36 MGD 

(Pump 8)
175.51

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Closure
117.0 409.28

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

18.3 0.00
Suction Side of Pump 

8 (Well-8)

43.55 MGD 

(Pump 8)
75.05

180 Second 

Closure
117.0 1009.28

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

18.3 0.00
Suction Side of Pump 

8 (Well-8)

42.59 MGD 

(Pump 8)
195.61

Adams 30-inch AZI Disc Valve

Golden Anderson 24-inch Resilient Ball Valve

Golden Anderson 30-inch Resilient Ball Valve

Golden Anderson 30-inch Checktronic Wye Valve

EXHIBIT 7

Scenario 3 - Normal Startup



NEWPP Improvements

Transient Analysis

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Opening
117.0 409.2

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

18.3 0.0
Suction Side of Pump 8 

(Well-8)

42.80 MGD 

(Pump 8)
83.4

180 Second 

Opening
117.0 1009.2

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

18.3 0.0
Suction Side of Pump 8 

(Well-8)

42.80 MGD 

(Pump 8)
141.2

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Opening
117.0 409.3

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

18.3 0.0
Suction Side of Pump 8 

(Well-8)

43.51 MGD 

(Pump 8)
85.5

180 Second 

Opening
117.0 1009.2

Directly Upstream of 

Pump 2 Control Valve 

(CK2-I)

18.3 0.0
Suction Side of Pump 8 

(Well-8)

43.52 MGD 

(Pump 8)
177.1

Adams 24-inch AZI Disc Valve

Golden Anderson 24-inch Resilient Ball Valve

EXHIBIT 8

Scenario 3 - Normal Pump Start Up with Summerwood 36-inch Water Line



NEWPP Improvements

Transient Analysis

Pump 8 fails after running for 5 seconds

Max Pressure 

(psi)
Time (sec) Description (Node)

Min Pressure 

(psi)
Time (sec) Description (Node) Max Backflow Time (sec)

5 Second 

Emergency 

Closure

118.2 8.50

Directly Downstream of 

Pump 8 Control Valve 

(CK8-O)

-5.3 8.50

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-35.0 MGD 

(Pump 8)
5.96

30 Second 

Emergency 

Closure

115.8 0.16
Yard Piping to North 

Surge Tank (ST-1)
4.8 26.00

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-35.1 MGD 

(Pump 8)
6.11

60 Second 

Emergency 

Closure

115.8 0.16
Yard Piping to North 

Surge Tank (ST-1)
5.7 47.00

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-35.2 MGD 

(Pump 8)
6.11

Max Pressure 

(psi)
Time (sec) Description (Node)

Min Pressure 

(psi)
Time (sec) Description (Node) Max Backflow Time (sec)

5 Second 

Emergency 

Closure

115.9 1.38
Yard Piping to North 

Surge Tank (ST-1)
1.6 10.00

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-35.2 MGD 

(Pump 8)
6.11

30 Second 

Emergency 

Closure

115.9 1.38
Yard Piping to North 

Surge Tank (ST-1)
5.8 35.00

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-35.3 MGD 

(Pump 8)
6.11

60 Second 

Emergency 

Closure

115.9 1.38
Yard Piping to North 

Surge Tank (ST-1)
6.2 65.00

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-35.3 MGD 

(Pump 8)
6.11

Max Pressure 

(psi)
Time (sec) Description (Node)

Min Pressure 

(psi)
Time (sec) Description (Node) Max Backflow Time (sec)

5 Second 

Emergency 

Closure

115.9 1.38
Yard Piping to North 

Surge Tank (ST-1)
-1.6 10.00

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-35.3 MGD 

(Pump 8)
6.11

30 Second 

Emergency 

Closure

115.9 1.38
Yard Piping to North 

Surge Tank (ST-1)
5.3 35.00

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-35.3 MGD 

(Pump 8)
6.11

60 Second 

Emergency 

Closure

115.9 1.38
Yard Piping to North 

Surge Tank (ST-1)
5.6 65.00

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-35.3 MGD 

(Pump 8)
6.11

Max Pressure 

(psi)
Time (sec) Description (Node)

Min Pressure 

(psi)
Time (sec) Description (Node) Max Backflow Time (sec)

0.5 Second 

Emergency 

Closure

144.8 5.50

Directly Downstream of 

Pump 8 Control Valve 

(CK8-O)

6.6 6.58

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-18.3 MGD 

(Pump 8)
5.38

1 Second 

Emergency 

Closure

126.4 6.00

Directly Downstream of 

Pump 8 Control Valve 

(CK8-O)

-7.6 5.99

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-26.7 MGD 

(Pump 8)
5.62

3 Second 

Emergency 

Closure

115.5 0.56
Yard Piping to North 

Surge Tank (ST-1)
2.4 8.00

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-33.1 MGD 

(Pump 8)
5.82

5 Second 

Emergency 

Closure

115.5 0.56
Yard Piping to North 

Surge Tank (ST-1)
4.2 10.00

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-33.9 MGD 

(Pump 8)
5.85

Adams 30-inch AZI Disc Valve

Golden Anderson 24-inch Resilient Ball Valve

Golden Anderson 30-inch Resilient Ball Valve

Golden Anderson 30-inch Checktronic Wye Valve

EXHIBIT 9

Scenario 4 - Single Pump Failure



NEWPP Improvements

Transient Analysis

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Backflow

Time 

(sec)

5 Second 

Emergency 

Closure

115.3 0.16
Yard Piping to North 

Surge Tank (ST-1)
0.1 8.5

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-34.60 MGD 

(Pump 8)
5.9

30 Second 

Emergency 

Closure

115.3 0.16
Yard Piping to North 

Surge Tank (ST-1)
5.6 26.0

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-34.86 MGD 

(Pump 8)
6.1

60 Second 

Emergency 

Closure

115.3 0.16
Yard Piping to North 

Surge Tank (ST-1)
6.1 47.0

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-34.88 MGD 

(Pump 8)
6.1

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

5 Second 

Emergency 

Closure

115.3 0.16
Yard Piping to North 

Surge Tank (ST-1)
0.1 8.5

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-34.60 MGD 

(Pump 8)
5.9

30 Second 

Emergency 

Closure

115.3 0.16
Yard Piping to North 

Surge Tank (ST-1)
5.6 26.0

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-34.86 MGD 

(Pump 8)
6.1

60 Second 

Emergency 

Closure

115.3 0.16
Yard Piping to North 

Surge Tank (ST-1)
6.1 47.0

Directly Upstream of 

Pump 8 Control Valve 

(CK8-I)

-34.88 MGD 

(Pump 8)
6.1

Adams 24-inch AZI Disc Valve

Golden Anderson 24-inch Resilient Ball Valve

EXHIBIT 10

Scenario 4 - Single Pump Failure with Other Pumps Running with Summerwood 36-inch Water Line



NEWPP Improvements

Transient Analysis

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node)

60 Second 

Closure
135.6 47.00

Directly Upstream of 

Pump 5 Control Valve 

(CK5-I)

6.6 300.0

Directly Upstream of 

Pump 5 Control Valve 

(CK5-I)

180 Second 

Closure
135.4 131.00

Directly Upstream of 

Pump 5 Control Valve 

(CK5-I)

6.6 599.0

Directly Upstream of 

Pump 5 Control Valve 

(CK5-I)

Adams 24-inch AZI Disc Valve

EXHIBIT 11

Scenario 5 - Emergency Diesel Pump (Pump 5) Shutdown with Other Pumps Running



NEWPP Improvements

Transient Analysis

Max Pressure 

(psi)

Time 

(sec)
Description (Node)

Min Pressure 

(psi)

Time 

(sec)
Description (Node) Max Flow

Time 

(sec)

60 Second 

Opening
136.1 6.01

Directly Upstream of 

Pump 5 Control Valve 

(CK5-I)

18.3 0.0
Suction Side of Pump 8 

(Well-8)

44.36 MGD 

(Pump 8)
36.52

180 Second 

Opening
136.1 6.01

Directly Upstream of 

Pump 5 Control Valve 

(CK5-I)

18.3 0.0
Suction Side of Pump 8 

(Well-8)

42.52 MGD 

(Pump 8)
133.13

Adams 24-inch AZI Disc Valve

EXHIBIT 12

Scenario 6 - Emergency Diesel Pump Start Up with No Other Pumps Running



 

 

How To Read a Time Plot from LIQT 
 

A TIME Plot in LIQT displays variables as a function of simulation time for a given node. 

Nodes (See Model Schematic) 
This data plotted 

on Primary Y-Axis 

with units as 

shown 

Plot Type & X-Axis Units 





 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure 
Adams 30-inch Disc Valve  
30-sec Emergency Closure 

 
 

 
  



 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure 
Adams 30-inch Disc Valve  
30-sec Emergency Closure 

 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure 
Adams 30-inch Disc Valve  
30-sec Emergency Closure 

 
 
 

 
 

  





 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure without Surge Tanks  
Adams 24-inch Disc Valve  
30-sec Emergency Closure 

 
 

 
 

  



 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure without Surge Tanks  
Adams 24-inch Disc Valve  
30-sec Emergency Closure 

 
 

 
 

  





 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure without Surge Tanks and EWPP Backpressure  
Adams 24-inch Disc Valve  
30-sec Emergency Closure 

 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure without Surge Tanks and EWPP Backpressure  
Adams 24-inch Disc Valve  
30-sec Emergency Closure 

 
 
 

 
  





Proposed Pump Control Valves 
Scenario 1 – Simultaneous All Pump Failure 

24-inch GA Ball Valve  
30-sec Emergency Closure 

 
 
 

 
  



Proposed Pump Control Valves 
Scenario 1 – Simultaneous All Pump Failure 

24-inch GA Ball Valve  
30-sec Emergency Closure 

 
 
 

 
  



Proposed Pump Control Valves 
Scenario 1 – Simultaneous All Pump Failure  

24-inch GA Ball Valve  
30-sec Emergency Closure 

 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure 
30-inch GA Ball Valve  

30-sec Emergency Closure 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure  
30-inch GA Ball Valve 

30-sec Emergency Closure 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure 
30-inch GA Ball Valve 

 30-sec Emergency Closure 
 
 
 

 
  





Proposed Pump Control Valves 
Scenario 1 – Simultaneous All Pump Failure 

30-inch GA Wye Valve  
 0.5-sec Emergency Closure 

 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure  
30-inch GA Wye Valve  

0.5-sec Emergency Closure 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure  
30-inch GA Wye Valve  

0.5-sec Emergency Closure 
 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure  
30-inch GA Wye Valve  

1-sec Emergency Closure 
 
 
 

 
  



Proposed Pump Control Valves 
Scenario 1 – Simultaneous All Pump Failure 

30-inch GA Wye Valve 
 1-sec Emergency Closure 

 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 1 – Simultaneous All Pump Failure 
30-inch GA Wye Valve 

 1-sec Emergency Closure 
 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 2 – Normal Pump Shut Down  
Adams 30-inch Disc Valve  

60-sec Closure 
 
 
 

 
  



Proposed Pump Control Valves 
Scenario 2 – Normal Pump Shut Down  

Adams 30-inch Disc Valve 
 60-sec Closure 

 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 2 – Normal Pump Shut Down  
Adams 30-inch Disc Valve  

60-sec Closure 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 2 – Normal Pump Shut Down  
Adams 30-inch Disc Valve  

60-sec Closure 
 

 
  





Proposed Pump Control Valves 
Scenario 2 – Normal Pump Shut Down  

GA 24-inch Ball Valve  
60-sec Closure 

 
 
 

 
  



Proposed Pump Control Valves 
Scenario 2 – Normal Pump Shut Down  

GA 24-inch Ball Valve  
60-sec Closure 

 
 
 

 
  



Proposed Pump Control Valves 
Scenario 2 – Normal Pump Shut Down  

GA 24-inch Ball Valve  
60-sec Closure 

 
 
 

 
  





Proposed Pump Control Valves 
Scenario 2 – Normal Pump Shut Down  

GA 30-inch Ball Valve  
60-sec Closure 

 
 
 

 
  



Proposed Pump Control Valves 
Scenario 2 – Normal Pump Shut Down  

GA 30-inch Ball Valve  
60-sec Closure 

 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 2 – Normal Pump Shut Down  
GA 30-inch Ball Valve  

60-sec Closure 
 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 2 – Normal Pump Shut Down  
GA 30-inch Wye Valve  

60-sec Closure 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 2 – Normal Pump Shut Down  
GA 30-inch Wye Valve  

60-sec Closure 
 
 
 

 
  



Proposed Pump Control Valves 
Scenario 2 – Normal Pump Shut Down  

GA 30-inch Wye Valve  
60-sec Closure 

 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 3 – Normal Pump Start Up  
Adams 30-inch Disc Valve  

60-sec Opening 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 3 – Normal Pump Start Up  
Adams 30-inch Disc Valve  

60-sec Opening 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 3 – Normal Pump Start Up  
Adams 30-inch Disc Valve  

60-sec Opening 
 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 3 – Normal Pump Start Up  
GA 24-inch Ball Valve  

60-sec Opening 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 3 – Normal Pump Start Up  
GA 24-inch Ball Valve  

60-sec Opening 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 3 – Normal Pump Start Up  
GA 24-inch Ball Valve  

60-sec Opening 
 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 3 – Normal Pump Start Up  
GA 30-inch Ball Valve  

60-sec Opening 
 
 
 

 
  



Proposed Pump Control Valves 
Scenario 3 – Normal Pump Start Up  

GA 30-inch Ball Valve  
60-sec Opening 

 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 3 – Normal Pump Start Up  
GA 30-inch Ball Valve  

60-sec Opening 
 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 3 – Normal Pump Start Up  
GA 30-inch Wye Valve  

60-sec Opening 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 3 – Normal Pump Start Up  
GA 30-inch Wye Valve  

60-sec Opening 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 3 – Normal Pump Start Up  
GA 30-inch Wye Valve  

60-sec Opening 
 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
Adams 30-inch Disc Valve  
30-sec Emergency Closure 

 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
Adams 30-inch Disc Valve  
30-sec Emergency Closure 

 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
Adams 30-inch Disc Valve  
30-sec Emergency Closure 

 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
GA 24-inch Ball Valve  

30-sec Emergency Closure 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
GA 24-inch Ball Valve  

30-sec Emergency Closure 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
GA 24-inch Ball Valve  

30-sec Emergency Closure 
 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
GA 30-inch Ball Valve  

30-sec Emergency Closure 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
GA 30-inch Ball Valve  

30-sec Emergency Closure 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
GA 30-inch Ball Valve  

30-sec Emergency Closure 
 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
GA 30-inch Ball Wye  

0.5-sec Emergency Closure 
 
 
 

 
  



Proposed Pump Control Valves 
Scenario 4 – Single Pump Failure with Five Pumps Running  

GA 30-inch Ball Wye  
0.5-sec Emergency Closure 

 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
GA 30-inch Ball Wye  

0.5-sec Emergency Closure 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
GA 30-inch Ball Wye 

1-sec Emergency Closure 
 
 
 

 
 

  



 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
GA 30-inch Ball Wye 

 1-sec Emergency Closure 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 4 – Single Pump Failure with Five Pumps Running  
GA 30-inch Ball Wye  

1-sec Emergency Closure 
 
 
 

 
  





 
Proposed Pump Control Valves 

Scenario 5 – Emergency Pump 5 Shut Down with Five Pumps Running 
 Adams 24-inch Disc Valve  

60-sec Closure 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 5 – Emergency Pump 5 Shut Down with Five Pumps Running  
Adams 24-inch Disc Valve  

60-sec Closure 
 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 5 – Emergency Pump 5 Shut Down with Five Pumps Running  
Adams 24-inch Disc Valve  

60-sec Closure 
 
 
 

 
  





Proposed Pump Control Valves 
Scenario 6 – Emergency Pump 5 Start-Up with All Pumps Shut Down  

Adams 24-inch Disc Valve  
30-sec Opening 

 
 
 

 
  



Proposed Pump Control Valves 
Scenario 6 – Emergency Pump 5 Start-Up with All Pumps Shut Down  

Adams 24-inch Disc Valve  
30-sec Opening 

 
 
 

 
  



 
Proposed Pump Control Valves 

Scenario 6 – Emergency Pump 5 Start-Up with All Pumps Shut Down  
Adams 24-inch Disc Valve  

30-sec Opening 
 
 
 

 



 

 

 
 
 
 
 
 

Appendix G 
 

Surge Tank Scenarios Results Graphs 
  



NEWPP Improvements Transient Analysis  
 

Index 
 
Scenario 1 - Simultaneous All Pump Failure at 120 MGD Existing Surge Tanks 65% Initially Full 
Without EWPP Backpressure 
 
Scenario 1 - Simultaneous All Pump Failure at 120 MGD Existing Surge Tanks 80% Initially Full 
Without EWPP Backpressure 
 
Scenario 1 – Simultaneous All Pump Failure at 120 MGD Two 10,000 cu ft Surge Tanks, Each 
65% Initially Full Without EWPP Backpressure 
 
 
 



 
Scenario 1 - Simultaneous All Pump Failure at 120 MGD  

Existing Surge Tanks 65% Initially Full 
Without EWPP Backpressure 

 
 
 

 
AIRP – Air Pressure in Surge Tank 
VOL – Air Volume in Surge Tank  



 
Scenario 1 - Simultaneous All Pump Failure at 120 MGD  

Existing Surge Tanks 80% Initially Full 
Without EWPP Backpressure 

 
 

 
AIRP – Air Pressure in Surge Tank 
VOL – Air Volume in Surge Tank 
  



Scenario 1 – Simultaneous All Pump Failure at 120 MGD 
Two 10,000 cu ft Surge Tanks, Each 65% Initially Full 

Without EWPP Backpressure 
 
 

 
AIRP – Air Pressure in Surge Tank 
VOL – Air Volume in Surge Tank 
 



 

 

 
 
 
 
 
 

Appendix H 
 

NHCRWA Valve Closure Mitigation Results 
  



NEWPP Improvements Transient Analysis  
 

Index 
 
Scenario 7 - NHCRWA Emergency Flow Control Valve Closure Surge Relief Valves 
 
Scenario 7 - NHCRWA Emergency Flow Control Valve Closure Slower Valve Closure and NEWPP 
Failure 
 
Scenario 7 – NHCRWA Emergency Valve Closure at 80 MGD Three 12-inch GA Surge Relief 
Valves set to open at 120 psi 
 
Scenario 7 – NHCRWA Emergency Valve Closure 30-minute Valve Closure 
 
Scenario 8 – Simultaneous All Pump Failure at the NEWPP 
 
 
 



NEWPP Improvements
Transient Analysis

Node Location Description Max Pressure (psi)
Max Pressure 

Time (sec)
Min Pressure (psi)

Min Pressure 
Time (sec)

NEWPP NEWPP 129.0 247.80 119.3 0.15
46750 Kingwood Take Point 124.5 242.40 111.5 5.50
32375 IAH Take Point 123.3 237.55 107.5 4.75

71A4532 IAH Take Point 123.4 145.45 102.9 1.75
D717314 Greenspoint Take Point 127.3 152.60 92.5 4.10
D710075 NHCRWA Take Point 129.1 150.25 91.5 1.75

14625
Aldine and GRP Group A 

Take Point 111.3 242.85 98.8 0.00

1365
City Main System Take 

Point 106.8 246.85 95.1 0.00

NH35222
Maximum Pressure - 

NHCRWA 54" Line 136.6 149.40 102.4 2.65

NH032VO

Minimum Pressure - 
NHCRWA Control Valve 

Outlet 71.7 4.25 9.9 140.00

135 second valve closure at 120 MGD with NHCRWA taking 45 MGD
Surge Relief Valve - Golden Anderson 12" Surge Relief Valve, with set pressure of 120 psi to open

Node Location Description Max Pressure (psi)
Max Pressure 

Time (sec)
Min Pressure (psi)

Min Pressure 
Time (sec)

NEWPP NEWPP 128.5 459.90 119.3 0.15
46750 Kingwood Take Point 123.0 454.80 111.5 5.50
32375 IAH Take Point 120.8 450.00 107.5 4.75

71A4532 IAH Take Point 119.0 446.65 102.9 1.75
D717314 Greenspoint Take Point 116.4 147.55 92.5 4.10
D710075 NHCRWA Take Point 117.4 145.20 91.5 1.75

14625
Aldine and GRP Group A 

Take Point 109.4 455.30 98.8 0.00

1365
City Main System Take 

Point 105.0 459.30 95.1 0.00

NEWPP
Maximum System Pressure 

- NEWPP 128.5 459.90 119.3 0.15

NH032VO

Minimum Pressure - 
NHCRWA Control Valve 

Outlet 71.7 4.25 9.9 140.00

135 second valve closure at 120 MGD with NHCRWA taking 45 MGD
Surge Relief Valve - 3 Golden Anderson 10" Surge Relief Valves, with set pressure of 105 psi to open

Node Location Description Max Pressure (psi)
Max Pressure 

Time (sec)
Min Pressure (psi)

Min Pressure 
Time (sec)

NEWPP NEWPP 134.5 293.60 118.4 0.15
46750 Kingwood Take Point 131.9 283.05 113.1 11.20
32375 IAH Take Point 130.5 283.65 109.9 10.35

71A4532 IAH Take Point 130.0 103.25 106.4 1.75
D717314 Greenspoint Take Point 133.1 104.50 98.0 3.10
D710075 NHCRWA Take Point 133.5 102.15 96.8 5.45

14625
Aldine and GRP Group A 

Take Point 117.6 282.40 101.0 10.25

1365
City Main System Take 

Point 105.7 292.70 92.3 14.25

71C570
Maximum Pressure - Hardy 

Tollway Crossing 142.5 104.95 107.7 2.65

NH032VO

Minimum Pressure - 
NHCRWA Control Valve 

Outlet 76.0 0.20 8.0 95.00

90 second valve closure at 80 MGD with NHCRWA taking 45 MGD
Surge Relief Valve - 3 Golden Anderson 12" Surge Relief Valves, with set pressure of 120 psi to open

Node Location Description Max Pressure (psi)
Max Pressure 

Time (sec)
Min Pressure (psi)

Min Pressure 
Time (sec)

NEWPP NEWPP 134.2 420.20 118.4 0.15
46750 Kingwood Take Point 130.7 416.60 113.1 11.20
32375 IAH Take Point 129.2 411.35 109.9 10.35

71A4532 IAH Take Point 128.1 406.70 106.4 1.75
D717314 Greenspoint Take Point 129.0 103.35 98.0 3.10
D710075 NHCRWA Take Point 129.3 101.05 96.8 5.45

14625
Aldine and GRP Group A 

Take Point 116.6 416.80 101.0 10.25

1365
City Main System Take 

Point 105.0 420.80 92.3 14.25

71C570
Maximum Pressure - Hardy 

Tollway Crossing 138.5 103.85 107.5 2.65

NH032VO

Minimum Pressure - 
NHCRWA Control Valve 

Outlet 76.0 0.20 8.0 95.00

90 second valve closure at 80 MGD with NHCRWA taking 45 MGD
Surge Relief Valve - 3 Golden Anderson 12" Surge Relief Valves, with set pressure of 115 psi to open

Scenario 7 Results (120 MGD with Three 12" GA Relief Valves at 120 psi)

Scenario 7 Results (120 MGD with Three 12"GA Relief Valves at 105 psi)

Scenario 7 Results (80 MGD with Three 12" GA Relief Valves at 120 psi)

Scenario 7 Results (80 MGD with Three 12" GA Relief Valves at 115 psi)

Scenario 7 - NHCRWA Emergency Flow Control Valve Closure
Surge Relief Valves



NEWPP Improvements
Transient Analysis

Node Location Description Max Pressure (psi)
Max Pressure 

Time (sec)
Min Pressure (psi)

Min Pressure 
Time (sec)

NEWPP NEWPP 126.7 402.65 116.8 23.30
46750 84-inch GRP Customers 126.8 391.80 109.5 11.05

71A4532 IAH Take Point 128.6 383.65 97.4 9.35
D717314 Greenspoint Take Point 133.2 373.35 79.8 19.70
D710075 NHCRWA Take Point 137.4 371.00 78.2 22.05

14625
Aldine and GRP Group A 

Take Point 123.3 392.25 102.7 0.80

1365
City Main System Take 

Point 124.5 396.25 101.5 3.20
MUD844 LHCS Take Point 102.5 407.05 96.2 19.85

NH26783
Maximum Pressure - 

NHCRWA 54" Line 148.8 366.30 68.4 26.75

NH03527
Minimum Pressure - 
NHCRWA 54" Line 144.1 365.15 59.0 27.90

Node Location Description Max Pressure (psi)
Max Pressure 

Time (sec)
Min Pressure (psi)

Min Pressure 
Time (sec)

NEWPP NEWPP 128.5 459.90 119.3 0.15
46750 84-inch GRP Customers 123.0 454.80 111.5 5.50

71A4532 IAH Take Point 130.0 1823.65 104.5 8.70
D717314 Greenspoint Take Point 131.1 1813.35 93.7 19.05
D710075 NHCRWA Take Point 132.1 1811.00 92.6 21.80

14625
Aldine and GRP Group A 

Take Point 129.1 1832.25 109.0 0.60

1365
City Main System Take 

Point 128.6 1836.25 107.8 22.60
MUD844 LHCS Take Point 129.5 1840.65 114.6 19.20

71C570
Maximum System Pressure 

- Hardy Tollway Crossing 140.5 1813.80 103.6 18.55

NH26783
Minimum Pressure - 

NHCRWA 54-inch Line 124.9 1806.05 75.1 0.00

Node Location Description Max Pressure (psi)
Max Pressure 

Time (sec)
Min Pressure (psi)

Min Pressure 
Time (sec)

NEWPP NEWPP 116.6 0.00 -14.3 49.10
46750 Kingwood Take Point 109.4 10.30 -1.3 68.55

71A4532 IAH Take Point 97.5 15.90 1.9 147.05
D717314 Greenspoint Take Point 79.8 26.25 3.2 235.50
D710075 NHCRWA Take Point 78.2 28.60 3.2 238.45

14625
Aldine and GRP Group A 

Take Point 103.6 7.35 0.8 69.30

1365
City Main System Take 

Point 104.1 3.35 -0.4 275.00

71C570
Maximum Pressure - Hardy 

Tollway Crossing 120.0 2.30 -3.6 80.80

Scenario 7 Results (120 MGD with 6 Minute Valve Closure)

Scenario 7 Results (80 MGD with 30 Minute Valve Closure)

Scenario 7 Results (120 MGD NEWPP Failure)

Scenario 7 - NHCRWA Emergency Flow Control Valve Closure
Slower Valve Closure and NEWPP Failure



 
NHCRWA Mitigation 

Scenario 7 – NHCRWA Emergency Valve Closure at 80 MGD  
Three 12-inch GA Surge Relief Valves set to open at 120 psi 

 
 
 

 
  



 
NHCRWA Mitigation 

Scenario 7 – NHCRWA Emergency Valve Closure at 80 MGD 
Three 12-inch GA Surge Relief Valves set to open at 120 psi 

 
 

 
  



 
NHCRWA Mitigation 

Scenario 7 – NHCRWA Emergency Valve Closure at 80 MGD  
Three 12-inch GA Surge Relief Valves set to open at 120 psi 

 
 

 
  



 
NHCRWA Mitigation 

Scenario 7 – NHCRWA Emergency Valve Closure at 80 MGD 
Three 12-inch GA Surge Relief Valves set to open at 120 psi 

 
 

 

  



 
NHCRWA Mitigation 

Scenario 7 – NHCRWA Emergency Valve Closure at 80 MGD  
Three 12-inch GA Surge Relief Valves set to open at 120 psi 

 
 

 

  



 
NHCRWA Mitigation 

Scenario 7 – NHCRWA Emergency Valve Closure 
30-minute Valve Closure 

 
 

 

  



 
NHCRWA Mitigation 

Scenario 7 – NHCRWA Emergency Valve Closure 
30-minute Valve Closure 

 
 

 
  



 
NHCRWA Mitigation 

Scenario 7 – NHCRWA Emergency Valve Closure 
30-minute Valve Closure 

 
 
 

 
  



 
NHCRWA Mitigation 

Scenario 7 – NHCRWA Emergency Valve Closure 
30-minute Valve Closure 

 
 

 
  



NHCRWA Mitigation 
Scenario 8 – Simultaneous All Pump Failure at the NEWPP 

 
 
 

 

  



 
NHCRWA Mitigation 

Scenario 8 – Simultaneous All Pump Failure at the NEWPP 
 
 
 

  

 

  

  



 

NHCRWA Mitigation 
Scenario 8 – Simultaneous All Pump Failure at the NEWPP 

 
 

 

  



 
NHCRWA Mitigation 

Scenario 8 – Simultaneous All Pump Failure at the NEWPP 
 
 

 



 

 

 
 
 
 
 
 

Appendix I 
 

Meeting Minutes from Progress Meetings with 
City 

 



NEWPP Improvements Transient Analysis  
 

Index 
 
Kickoff Meeting July 23rd, 2013 Meeting Minutes 
 
Preliminary Results September 6th, 2013 Meeting Minutes 
 
Progress Meeting October 29th, 2013 Meeting Minutes 
 
Final Progress Meeting December 20, 2013 Meeting Minutes 
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