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PROJECT REPORT NARRATIVE FOR: 

Green Mountain Estates Phase 4 Booster Station  

A) Background/General Project Information: 

The project is to construct a booster pump station to serve 228 lots within the current City of 

Camas UGA. Checklist from the Water System Design manual used for this report are (Included 

in Appendix B): 

• General Project report Checklist 

• Booster Pump Station Checklist with elements from the Hydraulic Analysis Checklist 

• Pressure Tank Checklist 

Green Mountain Estates Subdivision (GMES) is located within the northern limits of the City of 

Camas. See Figure 2.1 Service Area from the City’s Water System Plan (See Appendix D).  

Green Mountain Estates Subdivision (City File # SUB15-02 is a 346-lot single family development 

on 98.37 combined acres. The property is located north of NE 28th Street and east of NE 222nd 

Avenue. The subdivision received preliminary land use approval on June 24, 2016.  (See 

Appendix A for a copy of the Notice of Decision. 

The portion of GMES above elevation 370 is Phases 4, 5 and 6 and totals 228-lots of the 

approved 346-lot subdivision. See layout of Phases 4-6 on topographic survey. The options to 

serve this area with water are with a standalone booster station or with a booster station and a 

reservoir. The feasibility of installing a reservoir was researched, however it was found to be 

infeasible based on location, cost of installation, environmental impacts, and ongoing and 

maintenance costs. Therefore, a standalone booster station was chosen as the preferred 

option. 

Camas Water System Plan 

In 2016 the GMES went through a public hearing and SEPA review. During the hearing and SEPA 

review process, a booster station for the upper lots was addressed. As part of the Final Order, 

Condition 21 states; Prior to final plat approval of any phase, the applicant shall identify an 

appropriate lot(s) or approved tract for the developer funded water booster identified in the 

City’s June 2010 WSP Chap 8 to serve lots located above an elevation of 370 feet. 

When the City’s WSP was revised in 2019, reference to a booster station on Green Mountain 

was omitted. To add the booster station to the latest WSP, there are five (5) steps that are 

required. The following details each step and how they have or will be addressed: 

• SEPA Review to be completed addressing the new Booster Pump Station. This was 

already covered by the SEPA review completed by the GMES.  
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• Submit Project Report to WSDOE project – Once completed, the project report will be 

submitted to WSDOE. Since the proposed project is not changing water rights or system 

capacity, no comment is expected.  

• Local Government Consistency – A Local Government Consistency form has been filled 

out and signed by the relevant official at the City of Camas. A copy of the form is 

included in Appendix B (To be provided). 

• Approval by city council – The proposed Booster Pump Station was submitted to the City 

Council and was approved on (To be determined). A copy of the approved docket item is 

included in Appendix B. (To be provided) 

• Meeting of consumers – A public review element is required to add the Booster Pump 

Station to the WSP through addendum. Since the GMES went through a public hearing, 

this element has already been satisfied. 

Since the above elements have been satisfied, the booster pump station will be added to the 

2019 WSP as an addendum once the Booster Station Report is approved by WSDOH with this 

submittal. 

Schedule of Construction. 

The Schedule for construction of the GMES Phase 4 is the summer of 2021 with the booster 

station to be constructed during the same period beginning October 2021. The Booster station 

construction should be completed by February of 2022.  

Cost and Financing. 

Total cost of the Booster Pump Station including but not limited to: Building, pumps and 

fittings, control system, site improvements, generator and pressure tank is approximately 

$1,100,000 and is being privately funded by the developer of the GMES. 

Capacity Analysis. 

Since the area to be served is within the UGA, the connections to be served by the Booster 

Pump Station are already included within the existing WSP. No capacity analysis is required to 

address this item. A capacity and hydraulic analysis addressing design flows for the Booster 

Pump Station and the station’s ability to supply minimum pressures during peak flows and fire 

events is covered in Section C. 

System Protection. 

To prevent vandalism a 6-foot fence is to be installed around the facility. In addition, action 

sensor lights are being installed around the building. Issues with access through maintenance 

roof hatches on other facilities has precluded their use on this facility with and external gantry 

and crane system being installed to enable pumps to be removed for maintenance purposes. 

Disinfection Protocol. 

The 8-inch ductile iron water main pipes will be installed up through the floor elevation of the 

booster station and capped with 8 x 2 inch tapped blind flanges to allow disinfection and testing 

with the rest of the subdivision water main per AWWA standards.  
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The booster station pump skid and surge tank will be isolated by capping both the inlet and 

outlet, making it a closed system. It will then be filled with sodium hypochlorite solution and 

allowed to sit for 24 hours per AWWA standards.  

The booster station system will be flushed using a 2-inch hose fitted with dechlorinating 

diffuser containing dechlorinating tablets. The treated water will be direct to the storm drains 

or diffused over nearby green space. 

Once acceptable bacteria tests are obtained, the booster station system will be connected to 

the subdivision system using approved AWWA methods. 

As part of the Booster Pump Station development, a maintenance and operations manual will 

be developed detailing pump start up, exercising procedures for fire pumps and generator. All 

controls will be tied into the City’s remote system with all aspects of the station online and 

remotely accessed. Details of the controls are provided in Section G and H. 

Maintenance. 

Maintenance and operation of the Booster Pump Station will be by the City of Camas 

operations Department. This station will be added to the eight Booster Pump Stations they are 

currently operating.  

B) Booster Station Location 

As previously mentioned, Green Mountain Estates Subdivision (GMES) is located within the 

northern limits of the City of Camas. See Figure 2.1 Service Area from the City’s Water System 

Plan.  

GMES is in the north corner of the City’s 544ft pressure zone. Calculations by the City’s water 

system consultant required all lots above elevation 370 to be served by a booster pump station. 

For this development, all lots above the 370ft elevation are located within Phases 4, 5 and 6. 

There are two roads that access the upper lots. One runs up the central ridge and provides 

direct access to Phase 4 and 5. The other access runs up the west property line and will not be 

installed until Phase 6. Based on timing and location, the central road is the better option for a 

booster station. On review of the geotechnical exploration completed for the GMES by 

Redmond Geotechnical Services dated 3/28/14 they found that there are no ancient or active 

landslides and that the risks for potential geological hazards are low to moderate based on the 

Landslide Hazard Map. The report states that improvements required for a subdivision located 

on the slopes in the north portion of the site can be constructed safely if completed based on 

the recommendations in the report. Currently all construction documents are based on these 

recommendations.  

Park tracts exist along both sides of the road with the first lot approximately 150ft further up 

the hill from where the booster station will be located. This will provide a buffer between the 

station and adjacent lots to help mitigate any noise. 
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Other noise mitigation efforts include: 

The Pumps that were originally specified were centrifugal. At the pressure required, 1800rpm 

pumps had very poor efficiency with large motors. 3600 rpm pumps provided lower motor size 

and much better efficiency, however due to potential noise concerns,  the high rpm pumps 

were not approved by City staff. To address this issue, the pump type was switched to vertical 

turbines running at 1800rpm with smaller HP motors. 

To reduce noise concerns from the large fire flow pumps, they are being designed with soft 

starts and the ability to do partial start-ups to exercise them without needing to fully run them 

up to speed. 

The generator is being installed within a sound enclosure to reduce the noise when it is 

operating. 

C) Booster Station Sizing: 

The GMES Booster Station will eventually be serving 228 residential lots. Completion of the 

residential lots will be over a 3-year time frame. Construction of Phase 4 with 87 lots will be 

completed late 2021 with house construction over 2022. Phase 5 will add another 98 lots and 

will be constructed in 2022 with house construction in 2023. Phase 6 will add the remaining 43 

lots in 2023 with house construction in 2024.  

In the Water System Design Manual (WSDM) Section 3.1 Demand versus Consumption, the 

lower limit for the ERU to be used to determine Maximum Daily Demand is 350 gpd unless 

there are records to support a value that is less. Within the City of Camas approved 2019 WSP, 

water use per Average Daily Demand ERU has been determined for low, medium, and high 

projections based on average water use per ERU over the last three years. The historical ERU’s 

per account by customer class were used to project future demands. These ERU per Account 

values were based on the 75th percentile of the historical data and a water use per ERU value of 

315 gpd/ERU to be conservative.  (Taken from Section 5.6.1 of the 2019 WSP – See Appendix B 

for copy of section). Use of this value was confirmed by both Carollo and City Staff. 

To obtain the Maximum Daily Demand ERU (ERUMDD), the Average Daily Demand ERU (ERUADD)  

is multiplied by a peaking factor. The peaking factor to be applied to the ERUADD is 2.95 as 

detailed in Section 5.6.1 of the 2019 WSP and confirmed by Carollo who developed the plan 

and City Staff. Based on a 2.95 Peaking Factor, ERUMDD is 929gpd. 

Since the booster station is only serving residential lots, Equations 3-1 is being used to calculate 

the Peak Hour Demand (PHD) per Section 3.4.2 of the WSDM. 

PHD = (ERUMDD /1440) [(C)(N) + F] + 18 

Where: 

• PHD = Peak Hour Demand, total system (gpm)  
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• C = Coefficient Associated with Ranges of ERU’s 

• N = Number of ERU’s based on MDD 

• F = Factor Associated with Ranges of ERU’s  

• ERUMDD = Maximum day Demand per ERU (gpm) 

From Table 3-1 from the WSDM provides the following values for C and F for 228 residential 

lots. 

• C = 2.0 

• F = 75 

Based on these values PHD for the system is 361 gpm.  

Since all residences within Phases 4, 5 and 6 are required to have Low Flow Life Safety 

Residential Fire Sprinklers, Fire Flow for this area has been reduced to 500gpm by the Fire 

Marshall. 

The service area of the booster station is considered a closed system with the booster station 

providing the only point of supply. In addition, no reservoir exists within the proposed service 

area. Due to this, pump discharge at the booster station is to be MDD + FF. See Section 8.1.2 

Closed System Booster Pump Station Sizing Guidelines of the WSDM. For this situation, the total 

of the two flows is 861gpm. 

To meet the flow requirements, three 20HP duty pumps will be installed that are sized to 

provide 180gpm of flow at 129.1psi when two are operating together. This will provide the 

required Maximum Hour flow of 360gpm. 

In addition to the duty pumps, two 75hp fire pumps will be installed capable of providing 

680gpm of flow. To provide the required 860gpm of flow during a fire event, one fire pump and 

one duty pump will be operating together. The pumps have been sized to provide a minimum 

of 30psi at the high point in the system which exceeds the minimum required pressure of 20psi.  

D) Buildout of Booster Station Service Area 

As previously mentioned, the service area of the booster station will be constructed in phases 

over several years. The impact on the booster station is that the PHD for the station will not be 

reached for at least 4 years. This will result in low flows when the booster station is first 

brought online. Projected flows required at the booster station are as follows: 

• Phase 4 – 87 lots total – 2021 to end of 2022 – Up to Peak hour Flow of 181gpm. 

• Phase 5 – 185 lots total – 2022 to end of 2023 – Up to Peak Hour Flow of 305gpm. 

• Phase 6 – 228 lots total – End 2024 Full Buildout. – Up to Peak Hour Flow of 361gpm. 

The surge analysis by Carollo (See Appendix C) requires installation of a 3,000gal hydro-

pneumatic tank. The active volume within the tank provides low flow volume preventing the 

need for a jockey pump for low nighttime flows. Since the initial flow requirements are for a 
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peak flow of 181gpm, only two of the duty pumps are needed, however all three duty pumps 

will be installed with the construction of the BPS.  

E) Hydraulic Analysis. 

The suction side of the booster station is within the City’s 544ft pressure zone. See Figure 9.1 

Service Areas from the City’s 2019 WSP in Appendix D. Since the booster station is at the 

extreme end of the 544ft zone, Carollo completed a pressure analysis of the system using their 

Hydraulic Model of the Camas Water System. See Carollo Project Memorandum – Green 

Mountain Estates Phase 3 Development BPS – Hydraulic Modelling Results in Appendix C. This 

analysis determined the range of pressures on the suction side of the pumps. 

Based on this analysis, the following pressures at the proposed booster station site were 

determined: 

Scenario Pressure at Proposed BPS Location 

2025 ADD 74psi 

2025 PHD 41psi 

2025 MDD + FF at BPS Location 40psi 

2025 MDD + FF at Other Location 31psi 

2035 MDD + FF at BPS Location 51psi 

Carollo Hydraulic Model Results. 

The proposed BPS is located at elevation 370ft. The elevation of the highest point to be serviced 

by the BPS is 550ft and is approximately 2,700ft from the station. For the duty point pumps it is 

assumed that the working pressure at the high point will be 50psi. For the fire pumps, it is 

assumed that the working pressure can drop to 30psi. 

The water system between the BPS and the high point in the system consists of a single run of 

8” Ductile Iron Class 52 pipe that is approximately 700ft long followed by a looped system 

consisting of multiple loops of 8” Ductile Iron Class 52 pipe that conveys the water the 

remaining 2,000ft. To calculate the losses in the pipes, the Hazen-Williams Equation was used 

with the following assumptions: 

• C for DIP ranges from 145 for new to 130 for old. A value of 130 was used. 

• 8” Ductile Iron Class 52 pipe has an outside diameter of 9.05” and wall thickness of 

0.33”. Inside diameter is 8.39”. 

• Maximum Daily Flow at farthest limit of the system will be considerably lower than 

360gpm, however that value was used and will result in slightly higher calculated loss 

than in reality. Since losses for maximum day flow are minimal, this does not impact the 

pump design. 

• Fire Flow + Maximum Daily Flow assumed as 860gpm. As with above, maximum daily 

flow will be less than in this calculation, however resultant impact on head loss is 
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minimal. Resultant pressure at fire flow in top end of system will be slightly higher than 

30psi. 

Based on the above assumptions, the calculated head loss in the pipe from the BPS to the 

highpoint results and the associated total head at the BPS for each flow is as follows: 

  With 50psi at High Point With 30psi at High Point 

Flow (GPM) 
Head Loss 

(FT) 

Total Head 

(FT) 

Total Head 

(psi) 

Total Head 

(FT) 

Total Head 

(psi) 

0 0.0 295.5 127.9 249.3 107.9 

50 0.1 295.6 128.0 249.4 108.0 

100 0.3 295.8 128.0 249.6 108.0 

150 0.5 296.0 128.2 249.8 108.2 

180 0.8 296.3 128.3 250.1 108.3 

200 0.9 296.4 128.3 250.2 108.3 

250 1.4 296.9 128.5 250.7 108.5 

300 2.0 297.5 128.8 251.3 108.8 

350 2.6 298.1 129.1 251.9 109.1 

360 2.8 298.3 129.1 252.1 109.1 

400 3.4 298.9 129.4 252.7 109.4 

450 4.2 299.7 129.7 253.5 109.7 

500 5.1 300.6 130.1 254.4 110.1 

550 6.0 301.5 130.5 255.3 110.5 

600 7.1 302.6 131.0 256.4 111.0 

650 8.2 303.7 131.5 257.5 111.5 

700 9.4 304.9 132.0 258.7 112.0 

750 10.7 306.2 132.6 260.0 112.6 

800 12.1 307.6 133.2 261.4 113.2 

850 13.5 309.0 133.8 262.8 113.8 

860 13.8 309.3 133.9 263.1 113.9 

900 15.0 310.5 134.4 264.3 114.4 

Pressures at BPS based on 50psi and 30psi at high point in system. 

The surge system includes a hydro-pneumatic tank and a PRV. The PRV is designed to discharge 

water from the discharge line to the suction line in the BPS. Since this is within the closed 

system, there is no external discharge from the system. 

F) Electrical Power 

During construction of the initial three phases of GMES, 480V 3 Phase power was run to the 

edge of Phase 4. Clark Public Utilities (CPU) is designing the extension of this line to the BPS. In 

talking to CPU, power reliability in the Green Mountain area is high with an average of only 1.4 

outages per year. 
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Due to the location of the booster station and the fact that it is the sole source for GMES 

Phases 4 to 6, a generator will be installed as part of the station.  The booster pump station 

electrical system is designed to support all connected loads however the actual usage will be 

less because high service pumps will only be used in emergencies.  The generator is sized to 

support one 75hp pump, one 20hp pump, one 2hp air compressor and station ancillary loads, 

suitable to meet the operating needs defined in this report.  Startup of motors following a loss 

in power is controlled by the pump station automation system which sequences motors online 

following standby generator startup of the lighting loads and provides any required load 

shedding.  The prescriptive sequence starts the lead 20hp pump, then the air compressor if 

needed followed by the 75hp high service pump if needed.  If two 20hp VFDs are in operation 

and the 75hp pump is required, the automation system will first drop power to the lag 20hp 

pump and then energize the lead high service pump starter.  Maximum use will be 90% of the 

generator capacity during the high service pump start cycle with a 16% voltage drop.  Once 

started under its maximum design load, the generator uses 70% of available kW capacity.   The 

automation system monitors connected loads and provides algorithms to prevent overloading 

the generator.  Detailed Sizing Calculations are provided in Appendix C. 

G) Automated Control System  

The Station is automatically controlled to meet flow and pressure requirements by a 

programmable logic controller (PLC) based automation system.  The automation system is 

designed to communicate with the City of Camas’ central Supervisory Control and Data 

Acquisition (SCADA) computer system located at the City Shops for remote monitoring and 

management functions via a cellular connection.  The cellular connection is fully encrypted for 

the highest level of security.   

The PLC based automation system contains input/output modules to provide control and 

monitoring for the site.  Pressures and flows are transmitted to the SCADA system along with 

status of the generator, ATS, doors, valves, and pneumatic tank.  

The PLC controls the pump motors by means of Process Field network (Profinet) connections 

that provide a complete array of energy and performance parameters to the automation 

system.  Using setpoints entered by the operator on either the station’s graphical user interface 

screen or from the SCADA computers, pump speeds will modulate to meet pressure setpoint 

requirements.  The network connections to the PLC provide all information pertinent to the 

operation and alarm status of each connected motor starter unit.   

The station’s operator interface panel has all these values displayed on a color graphic screen.  

In addition, the unit is programmed to display trends of all analog values to facilitate tuning of 

the process and provide date/time stamped diagnostic information for historical events and 

alarms.  The graphic unit has multiple screens including a process overview screen showing the 

reservoirs and pumps with levels, flow, pressures, and pump status simultaneously.  Detailed 

information is shown in 'daughter' screens that includes 1 - Power information, 2 - pump 
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controller parameters, 3 - settings for alarms and shutdown conditions, 4- trending for all 

analog variables, 5- system overview information showing 544’ supply reservoir level, 6 - 

RTU/PLC communication data, 7- intrusion system entry/exit setup, 8 - detailed information on 

each motor, status, alarms, etc.  The PLC programming has features to detect various abnormal 

operating conditions and take corrective action.  Alarms detected at the station may be viewed 

locally on a graphic panel or viewed at the headquarters location.  Average update from the 

station to the central SCADA requires about 6 seconds.   

The central station location includes graphical user interface computers for system-wide 

monitoring and control. Pump status, control settings, alarm setpoints and station alarms and 

status are all viewed from this computer. Trending and data archiving are also accomplished 

with this computer.  Off-duty alarm notification is provided for the station’s alarm conditions 

via Win911 alarm software and sent to operators via SMS messages.   

H) Booster Pump Control  

Up to three variable speed duty pumps and one high service pumps are designed into the 

control algorithm to boost water to the 695’ distribution zone from the 554’ zone.  The 75hp 

pumps are configured as primary and standby, with a maximum of one high service pump 

operating at any time.  A failure of the selected primary 75hp pump is met immediately by the 

automation system changing primary/standby assignments and starting the replacement pump.     

The maximum hour daily flows are met by two 20hp pump and fire flow met by one 75hp fire 

pump and one 20hp duty pump.  The additional 20hp and 75hp pumps are standby units that 

provide resiliency.  Pumps may be selected to alternate by runtime or duty cycle.   

Flow demand in the 695’ zone manifests itself in the form of zone pressure drop and discharge 

pressure is the main variable for the station control algorithm. Two pressure transmitters are 

used for resiliency purposes to ensure this critical measurement is provided. The discharge 

setpoint can be adjusted at the Pump Station and the automation logic will sequence between 

pumps with increasing or decreasing demand periods, adjusting speeds as necessary to 

maintain a steady pressure with varying flows.  The system is sensitive to the suction side pressure 

and will take corrective action to decrease the pump output should it drop below a critical threshold 

that would damage the pumping units by cavitation.  Pump operation is automatically reset upon 

suction pressure recovery. Pump motor power usage is monitored for determining pumping 

efficiency.  

Low to moderate flow rates are met by the lead 20hp booster pump and capacity within the 

hydro-pneumatic tank.  Moderate to maximum hour flows are met by lead + lag 20hp pump 

operation.  Flow is measured by the 4” discharge flowmeter.  The meter accuracy is excellent 

with flows greater than 20gpm and functional down to about 8gpm.  Very low flows are 

satisfied by the hydro-pneumatic tank capacity.  When the tank level drops to the start setting, 

a 20hp pump will cycle up to meet demand plus refill the tank before stopping when pressure is 

satisfied, and tank level rises to the stop level setting.  The air compressor is used to add air to 
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the tank as the volume slowly decreases when the pumps are off.  The air vent solenoid opens 

when the pressure setting is satisfied, but the tank level is below the stop level.  This tank 

exercise is intended for very low flow time periods and is also important for water quality 

purposes to change over water inside the tank daily.  The lag 20hp pump is configured to work 

with the lead 20hp pump for flows that exceed the lead pump maximum capacity.  The  20hp 

motors work with alternation such that a failure of a selected pump immediately alternates to a 

functional replacement 20hp pump.   

When two 20hp pumps are unable to maintain the pressure setpoint and are running at full 

operating speed, the selected primary high service pump is called to operate to meet high 

service flows.  One duty pump may remain online to meet the anticipated fire flow plus 

domestic flow requirement.  As flows decrease to a flow range that can be met by the 20hp 

pumps, the high service pump will be commanded to close and the 20hp pumps started.   The 

pump control valves on the discharge side of the 75hp pumps are configured to modulate 

slowly to the fully closed position to allow the pressure to transition smoothly between the 

large, fixed speed and variable speed duty pumps.   

The large pump control logic includes the ability to cycle the pump on a scheduled exercise 

basis to keep the motor and pump bearings regularly used.  During the cycle, the pump will run 

against its closed pump control valve for one minute and the valve allowed to briefly start 

opening to refresh the pump line water before returning closed and the motor stopping.    

I) Surge Control 

As described above the pump start controls are designed to cycle pumps on and off smoothly 

without pressure surges.  In addition to pump start up and shut down, the potential for a surge 

exists during a power outage prior to when the generator turns on or when a valve is shut 

incorrectly. To address these potential issues a transient (surge) analysis to assess potential for 

damaging transient pressure waves has been performed by Carollo for the GME Phase 4 BPS 

and is included in Appendix C. The analysis determined that a 3,000gal hydro-pneumatic surge 

tank was required to address the impact of potential transients and mitigate the impacts of 

potential surges. 

J) Hydro-pneumatic Tank. 

A 3,000gal hydro-pneumatic steel pressure tank is being installed with the project to mitigate 

the impacts of potential surges. The tank will be externally located and is proposed to be 5ft 

diameter and 23ft long. 

The proposed tank to have the following: 

• Manway at one end. 

• Tank water level sensor and transmitter providing 4-20mA signal 

• Tank Pressure sensor and transmitter providing 4-20mA signal 

• Visual liquid level gauge 
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• 1/2” NPT safety valve per ASME Section VIII. 

• Two 1/2” NPT air-line solenoid valves 

• 1/2” NPT ball and check valves for air flow control 

• 4 ½” DIA dial pressure gauge 

• Air bleed muffler. 

The tank is manufactured with support saddles that sit on 2.5ft x 6.0ft reinforced concrete 

pads. Exact depth of pads will be designed to provide the required anchorage. 

A 2hp oil-less air compressor system with its own integral control / motor starter panel to be 

installed in the BPS building. Compressor to be Compressor motor to be 2 HP to 5 HP.  The 

system for controlling the compressor is addressed in Section H above. Intake for compressor to 

be protected by an air filter. 
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PROJECT MEMORANDUM 

ON‐CALL TASK ORDER ʹ – GREEN 
MOUNTAIN ESTATES PHASE ͯ 
DEVELOPMENT BPS  
City of Camas 

Prepared By: Natalie Reilly, PE (WA pending) 

Reviewed By: Matt Huang, PE 

Subject: Hydraulic Modeling Results  

Purpose 

The purpose of this Task Order is to provide hydraulic criteria for the design of the Green Mountain Estates 

Phase ͯ Development booster pump station (BPS) in the northwest corner of the Camas Water System. 

The Green Mountain Estates Phase ͯ Development will require a BPS to serve customers at high elevations. 

The Developer will design and construct the BPS based on City criteria and standards. The purpose of this 

task order is to provide a range of suction pressures at the BPS under multiple conditions, including fire 

flows, using the City’s hydraulic model. 

Model Updates 

The City’s most recent InfoWater Pro hydraulic model was updated as part of Task Order ͵ to include the 

latest capital improvement program (CIP) projects, including the new ͱͰͰ Zone ͮ‐MG Reservoir (ͭʹth Avenue 

Reservoir). This updated model was used to perform Task Order ʹ. 

The hydraulic model was also updated to match the pipes for the Green Mountain Estates Development per 

the following drawings: 

 “ʹ͵ͯʹ.e.design final.Phͮ A‐F”: received via email from Olson Engineering on December ͵, ͮͬͮͬ.

 “GME ͭ‐ͯ Cover Page Water layout”: received via email from Olson Engineering on December ͵, ͮͬͮͬ.

The Green Mountain Estates Development pipelines are shown on Figure ͭ.  

Demands were allocated to the Green Mountain Estates Development based on the total number of lots in 

the development per the drawings (ͳͯͰ lot) and the assumed average day demand (ADD) of ͱͬͬ gallons per 

day (gpd) per lot. To convert from ADD to maximum day demand (MDD), the MDD/ADD peaking factor of 

ͮ.͵ͱ was applied. This factor was developed as part of the ͮͬͭͲ Water System Plan. The diurnal curve 

developed as part of the ͮͬͭͲ Water System Plan was used to determine the peak hour demands (PHD).  

In addition to these changes, the diameter for the pipe on Goodwin Rd from Lacamas Creek to Ingle Rd in 

the model was updated from ʹ‐inch to ͭͮ‐inch, per confirmation from the City. 

Date: January ͮ5, ͮͬͮͭ  

Project No.: ͭͭͭͱͭJͬͬ 
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Hydraulic Model Scenarios 

To determine the system pressures at the proposed BPS to the Green Mountain Estates Phase ͯ 

Development, the following model scenarios were run: 

 Scenario A: ͮͬͮͱ ADD: 

- The reservoirs were assumed to be at the bottom of the operational level. 

 Scenario B: ͮͬͮͱ PHD: 

- The reservoirs were assumed to be at the bottom of the equalizing level. 

 Scenario C: ͮͬͮͱ MDD plus Fire Flow at BPS Location: 

- This scenario was run with a fire flow requirement of ͱͬͬ gpm at the BPS location. The 

reservoirs were assumed to be at the bottom of the fire pool. 

 Scenario D: ͮͬͮͱ MDD plus Fire Flow at Other Location: 

- This scenario was run with a fire flow requirement of ͭ,ͬͬͬ gpm at a different location in the 

Green Mountain Estates Development (north end of N Woodland St). The reservoirs were 

assumed to be at the bottom of the fire pool. 

 Scenario E: ͮͬͯͱ MDD plus Fire Flow at BPS Location: 

- This scenario was run with a fire flow requirement of ͱͬͬ gpm at the BPS location. The 

reservoirs were assumed to be at the bottom of the fire pool. The additional looping in the 

North Shore was assumed to be online. 

The assumed BPS ground elevation is ͯͲͳ feet based on the information provided by Olson Engineering.  

Hydraulic Model Results 

Table ͭ summarizes the pressure at the proposed BPS location for the five scenarios run. These results 

represent the range of pressures at the BPS under multiple conditions.  

Table ͭ  Hydraulic Model Results 

Scenario  Pressure at Proposed BPS Location 

Scenario A: ͮͬͮͱ ADD  ͳͰ psi 

Scenario B: ͮͬͮͱ PHD  Ͱͭ psi 

Scenario C: ͮͬͮͱ MDD Plus FF at BPS Location  Ͱͬ psi 

Scenario D: ͮͬͮͱ MDD Plus FF at Other Location  ͯͭ psi 

Scenario E: ͮͬͯͱ MDD Plus FF at BPS Location  ͱͭ psi 

Conclusion 

Based on the hydraulic modeling, the expected range of pressures at the BPS location will range between 

ͯͭ psi and ͳͰ psi.  

 

  Reviewed by: 

 

Matthew M. Huang, PE 

NR:kh 
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Abbreviations 
DIP ductile iron pipe 

ft feet 

ft/s feet per second 

gpm gallons per minute 

hp horsepower 

lbs/ft2 pounds per square foot 

psi pounds per square inch 

rpm revolutions per minute 

TDH total dynamic head 

WSDM Washington Water System Design Manual 
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Technical Memorandum 

SURGE ANALYSIS 

1.1   Background 

A developer plans to construct an inline Green Mountain Estates Booster Pump Station for the 
City of Camas along the 8-inch diameter water pipeline which serves Green Mountain Estates 
Phases 4, 5 and 6. Green Mountain Estates Pump Station will serve 228 lots in the northeast 
corner of the Camas water system which are at high elevations.  

The surge analysis was conducted to determine the maximum and minimum surge pressures 

that could occur in the 8-inch diameter pipeline at Green Mountain Estates, and to recommend 
surge mitigation measures to prevent undesirable surge pressures. This report documents the 

results for the surge analysis and is intended to meet the requirements of Washington Water 

System Design Manual (WSDM) Section 6.1, requiring a hydraulic model evaluation of hydraulic 
transients (water hammer). This report is divided into the following sections: 

1. Introduction. 
2. Green Mountain Estates Pump Station Delivery System Description – Provides a 

physical description of the system that was modeled. 
3. Hydraulic Transient Phenomenon – Explains various causes of hydraulic transient events 

in this pipeline system. 
4. Surge Vessel as Surge Protection – Provides a general description of the surge 

protection devices considered for this study. 
5. Hydraulic Modeling Approach - Describes the model setup and the acceptance criteria 

used for this analysis. 
6. Model Scenarios Description and Results - Describes the scenarios simulated for this 

analysis. 
7. Simulation Results Summary - Summarizes model-predicted results for the scenarios. 
8. Recommendations – Provides recommendations for the study. 

1.2   Green Mountain Estates Pump Station Delivery System Description 

This section describes the physical characteristics of Green Mountain Estates water system. 

Green Mountain Estates are located at the northeast corner of city of Camas with high elevations 

ranging from 340 feet (ft) to 549 ft. There will be 228 lots within Green Mountain Estates with a 
peak hour demand of 361 gallons per minute (gpm) in accordance with information provided by 

Olson Engineering and the Washington WSDM Equation 3-1. A maximum day demand of 

207 gpm was calculated using a peak hour demand to maximum day demand factor of 1.74 

based on the diurnal pattern in the Infowater hydraulic model. 
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Green Mountain transmission mains are 8-inch diameter pipes. The 8-inch diameter pipe on 

NE 22nd Ave connects the existing Camas water distribution system with Green Mountain 
Estates pipelines. Two tanks in the City of Camas’ 544 pressure zone, approximately 7 to 9 miles 

from Green Mountain Estates, function as discharge site supplying water to Green Mountain 

Estates Phases 4 to 6.  

In order to meet the water demand in Green Mountain Estates Phases 4 to 6, an inline booster 

station named Green Mountain Estates Pump Station was proposed to lift water from the 
existing water system to satisfy the pressure criteria within Green Mountain Estates. The Green 
Mountain Estates Pump Station is located at the east of NE 22nd Ave. The pipeline configuration 

in Green Mountain Estates is a loop, however, the pipeline far end located west of NE 22nd Ave is 

closed in operation. The Green Mountain Estates Pump Station includes two 75 horsepower (hp) 
fire pumps with a design flow of 680 gpm for each, and three 20 hp duty pumps (two duty, one 

standby) with a design flow of 180 gpm for each. Figure 1 represents a plan view of the Green 

Mountain Pump Station delivery system.
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The Camas Green Mountain Estates Surge Analysis InfoWater Pro Model was used to determine 

the elevation profile of the Green Mountain Estates ʹ‐inch diameter pipeline. Figure ͮ represents 

a profile view of the transmission from the Green Mountain Estates Pump Station to the far end 

located west of NE ͮͯͮnd Ave. The high point is located at northeast corner of Green Mountain 

Estates, around ͮ,͵Ͳͭ ft downstream of the pump station. The ʹ‐inch diameter pipe material is 

ductile iron pipe (DIP). Therefore, Ͱ,ͮʹͳ feet per second (ft/s) was calculated as the ʹ‐inch 

diameter pipe wave speed. 

 

Figure ͮ  Transmission Main Profile from the Green Mountain Estates Pump Station to the Far 

End 

The fire pump and duty pump curves were provided to describe the Green Mountain Estates 

pump characteristics. In the surge simulations, two duty pumps are operating during peak hour 

demand, while one duty pump and one fire pump are operating during maximum day demand 

plus ͱͬͬ gpm fire flow. Table ͭ presents the design parameters of the duty pumps and fire 

pumps in Green Mountain Estates Pump Station. 

Table ͭ  Green Mountain Pump Station Duty and Fire Pump Characteristics  

Pump 
Type 

Numbers 

Pump 
Design 

Flow Rate  
(gpm) 

TDH  
(ft) 

Rating  
(hp) 

Speed  
(rpm) 

Moment 
of 

Inertia  
(lb/ftͮ) 

Stages 

Duty 
Pump 

ͯ  ͭʹͬ  ͮ͵ͬ  ͮͬ  ͭ,ͳͱͬ  Ͱ,ʹͬͯ  ͵ 

Fire Pump  ͮ  Ͳʹͬ  ͮ͵ͬ  ͳͱ  ͭ,ͳͲͬ  ͮͱ,ͮʹͯ  Ͱ 

Notes: 
(ͭ) Abbreviations: pounds per square foot (lb/ftͮ), revolutions per minute (rpm); total dynamic head (TDH) 
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1.3   Hydraulic Transient Phenomenon 

Undesirable surge pressures are caused by sudden changes in water velocity in a pipeline. These 

changes in velocity are most commonly caused by pump station power failure events. Following 

a pump station power failure, a low-pressure wave begins at the pump station and travels down 

the pipeline to the end of the pipeline. This low-pressure wave works to dissipate the forward 

momentum of the water in the pipeline. Then a high-pressure wave travels back from the end of 

the pipeline to the pump station, causing high pressures. This pressure wave travels back and 

forth along the pipeline for several cycles until the energy in the system is dissipated. 

Undesirable surge pressures can also be caused by vapor cavity formation and collapse, also 

referred to as column separation. When the initial low-pressure wave travels down the pipeline, 

pressures can become negative and even drop to vapor pressure. At an intermediate break in the 

grade of the pipe, or at an intermediate high point, the forward momentum of the water in the 

pipeline downstream of the high point is great enough that low pressures down to vapor 

pressure are not sufficient to stop the water column and water column separation occurs. The 

pressure at the intermediate high point or break in grade remains at vapor pressure while the 

water column is separated. The downstream water column slows down and then reverses 

because of the differential hydraulic grade line between the end of the pipeline and vapor 

pressure at the intermediate high point. The water column then moves toward the vapor cavity. 

At the instant the cavity collapses, the water column must come to an abrupt stop, which results 

in a sudden, high-pressure spike that travels along the pipeline. 

Pressures down to vapor pressure are commonly predicted in transmission mains following 

pump failure events. However, just because pressures drop to vapor pressure does not 

automatically mean that column separation will occur with the resulting high-pressure spikes. 

Column separation occurs when the forward momentum of the water column is great enough 

that the water column cannot be stopped merely because the pressure drops to vapor pressure. 

The risk associated with column separation is due to high pressures that occur when the vapor 

cavity collapses. The repeated rapid change in pressure caused by a cavity collapsing can, over 

time, contribute to wear on pipe (and/or associated linings), gaskets, and joints. As a definitive 

computation of high pressures associated with the vapor cavity collapse can be uncertain, it is 

common practice to eliminate the potential of vapor pressure to mitigate the risk altogether. 

Surge events including column separation are governed by the laws of physics, specifically the 
momentum and continuity equations. Computer models can predict the magnitude of surge 

pressures and are useful to design pipelines and pump stations to withstand pressures as 

predicted by the model. The model can also be used to iteratively select surge protection devices 

to obtain solutions that are appropriate for each pipeline. Models tend to be conservative in their 

predictions because the models use steady-state energy equations (Hazen-Williams, 

Darcy-Weisbach) to predict energy dissipation in a pipeline during a surge event. However, the 

rate of energy dissipation during a transient event is usually greater than these equations 

predict. For this reason, models often show more pressure wave cycles than occur in the physical 

system. 

1.4   Surge Vessel as Surge Protection 

A surge vessel provides surge protection by gradually slowing down water velocities in pipelines 

following a pump trip or other surge-causing event. This is done by allowing water in the surge 

vessel to enter the pipeline following a down surge caused by a pump trip. Pressures at the surge 
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vessel decrease gradually, causing the water column in the pipeline to slow down gradually. 

When the water column reverses, water begins to fill the tank, which increases the pressure at a 

gradual rate and slows down the water column moving back towards the surge vessel. These 

oscillations continue for several cycles until the energy in the system is dissipated. 

1.5   Hydraulic Modeling Approach 

1.5.1   Model Setup 

Bentley’s OpenFlows HAMMER modeling software was used to perform this surge analysis. 

A hydraulic InfoWater Pro model of the Camas water system was adapted for this study. The 
surge model includes Green Mountain Estates water system and Zone 544 water system. Table 2 

presents the steady-state conditions established in the model. 

Table 2 Steady-State Flow and Pressure Conditions at the Green Mountain Estates Pump 

Station 

Green Mountain 
Estates Delivery 

Pipeline Diameter  
(inch) 

Demand 
Condition 

Green Mountain 
Estates Pump 
Station Flow  

(gpm) 

Green Mountain 
Estates Pump 

Station Discharge 
Pressure (psi) 

Green Mountain 
Estates Pump 

Station Suction 
Pressure (psi) 

8 
Peak Hour 
Demand 

361 174 47 

8 

Maximum Day 
Demand Plus 
500 gpm Fire 

Flow 

707 184 51 

Notes: 
(1) Abbreviation: pounds per square inch (psi). 

1.5.2   Acceptance Criteria 

Surge pressures were evaluated against the following criteria: 

1. Pressures throughout the transmission main must be within the pipe maximum 

allowable pressure. For Class 200 DIP pipe, the maximum operating pressure needs to 

be less than 200 psi plus 100-psi surge allowance. 
2. Vapor pressure should be prevented from occurring along the transmission main where 

possible. 

1.6   Model Scenarios Description and Results 

Surge events are most commonly caused by pump station power failure, pump start-up, or rapid 

valve opening or closing events.  

The following water hammer inducing events were simulated for the analysis: 

• During peak hour demand, two duty pumps trip followed by start-up at the pump 

station, with and without surge protection. 
• During maximum day demand plus fire flow, fire hydrant abrupt closure, with and 

without surge protection. 

Table 3 presents the detailed settings of simulations runs. 
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Table 3 Simulation Run Settings 

Run No. 
Water 

Demand 
Transient Event 

Surge 
protection 

Surge 
Vessel size 

(gallons) 

Surge Vessel 
Inlet Diameter 

(inch) 

1 Peak Hour  
Two duty pumps trip 
followed by start-up 

None N/A N/A 

2 Peak Hour  
Two duty pumps trip 
followed by start-up 

With surge 
vessel 

5,000 4 

3 Peak Hour 
Two duty pumps trip 
followed by start-up 

With surge 
vessel 

3,000 4 

4 Peak Hour  
Two duty pumps trip 
followed by start-up 

With surge 
vessel 

2,000 4 

5 
Max Day Plus 
500 gpm Fire 

Flow 

Fire hydrant abrupt 
closure 

None N/A N/A 

6 
Max Day Plus 
500 gpm Fire 

Flow 

Fire hydrant abrupt 
closure 

With surge 
vessel 

3,000 4 

1.7   Model Scenarios Description and Results 

A surge vessel was modeled downstream of Green Mountain Estates Pump Station. In this study, 

three different surge vessel sizes, 5,000 gallon, 3,000 gallon and 2,000 gallon surge vessels were 

evaluated. Surge vessel connection diameter was set as 4-inch. 

1.7.1   Run 1: Two duty pumps trip followed by start-up – no surge vessel, peak hour 
demand 

The purpose of Run 1 is to determine the undesirable surge pressures that may occur with no 

surge protection, so that the need for surge mitigation measures can be established. In this 

simulation, during peak hour demand, two duty pumps trip followed by start-up without any 

surge protection. Following the power failure event, a low-pressure wave travels down the 
transmission main, and the forward momentum of the water column decreases. The 
pressure-waves travel back and forth until the pumps start back up. The check valve downstream 

of each pump closes rapidly upon flow reversal. Figure 3 and Figure 4 show the time graph of the 

model-predicted discharge and suction pressures at the Green Mountain Estates Pump Station. 

The model predicts the maximum pump discharge pressure is 182 psi, and the maximum suction 
pressure is 99 psi. Figure 5 shows the time graph of the high point pressures in Green Mountain 

Estates. The surge pressures at the high point are close to steady state pressure, which are 
around 93 psi. 

Figure 6 shows the steady state, maximum, minimum, and vapor pressure along the pipeline 

starting at the Green Mountain Estates Pump Station. Figure 7 shows the vapor cavity volume 

along the transmission main for the duration of the simulation. The model predicts vapor 

pressure conditions occurring along the transmission main. Vapor cavities are predicted at 

intermediate high points.  
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Figure 3 Run 1: Green Mountain Estates Pump Station Discharge Pressure 

 

Figure 4 Run 1: Green Mountain Estates Pump Station Suction Pressure 
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Figure 5 Run 1: Green Mountain Estates High Point Pressure 

 

Figure 6 Run 1: Pressure Profile Along the 8-inch Diameter Transmission Main Starting From the 
Green Mountain Estates Pump Station 
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Figure 7 Run 1: Vapor Cavity Volume Along the 8-inch Diameter Transmission Main From the 
Green Mountain Estates Pump Station 

1.7.2   Run 2: Two duty pumps trip followed by start-up – 5,000 gallon surge vessel, peak 
hour demand 

This run includes a 5,000 gallon surge vessel at Green Mountain Estates Pump Station. In this 
simulation, during peak hour demand, two duty pumps trip followed by start-up with a 
5,000 gallon surge vessel. Following the power failure event, a low-pressure wave travels down 

the transmission main, the water from the surge vessel enters the pipeline and the pressure at 

the pump station decreases gradually. When the water column reverses, water fills the tank 

causing the pressure to increase at a gradual rate. Figure 8 and Figure 9 show the time graph of 

the model-predicted discharge and suction pressures at the Green Mountain Estates Pump 

Station. The model predicts the maximum pump discharge pressure is 207 psi, and the maximum 
suction pressure is 104 psi. Figure 10 shows the time graph of the high point pressures in Green 

Mountain Estates. After the pump station power failure, the high point pressure drops to 51 psi 
instead of vapor pressure with a 5,000 gallon surge vessel. 

Figure 11 shows the steady state, maximum, minimum, and vapor pressure along the pipeline 

starting at the Green Mountain Estates Pump Station. The model predicts that the 5,000-gallon 
surge vessel prevents vapor pressure from occurring along the entire length of the transmission 

main. The surge vessel air volume is shown on Figure 12. 
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Figure 8 Run 2: Green Mountain Estates Pump Station Discharge Pressure 

 

Figure 9 Run 2: Green Mountain Estates Pump Station Suction Pressure 
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Figure 10 Run 2: Green Mountain Estates High Point Pressure 

 

Figure 11 Run 2: Pressure Profile Along the 8-inch Diameter Transmission Main Starting From the 
Green Mountain Estates Pump Station 
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Figure 12 Run 2: Surge Vessel Air Volume 

1.7.3   Run 3: Two duty pumps trip followed by start-up – 3,000 gallon surge vessel, peak 
hour demand 

This run includes a 3,000-gallon surge vessel at Green Mountain Estates Pump Station. In this 

simulation, during peak hour demand, two duty pumps trip followed by start-up with a 
3,000 gallon surge vessel. Figure 13 and Figure 14 show the time graph of the model-predicted 

discharge and suction pressures at Green Mountain Estates Pump Station. The model predicts 
the maximum pump discharge surge pressure is 207 psi, and the maximum suction pressure is 
104 psi. Figure 15 shows the time graph of the high point pressures in Green Mountain Estates. 

After the pump station power failure, the high point pressure drops to 35 psi.  

Figure 16 shows the steady state, maximum, minimum, and vapor pressure along the pipeline 

starting at the Green Mountain Estates Pump Station. The model predicts that the 3,000-gallon 
surge vessel is sufficient to prevent vapor pressure from occurring along the entire length of the 
transmission main. The surge vessel air volume is shown on Figure 17. 

A surge vessel will also be used to minimize pump cycling during low demand times. A surge 

vessel is normally filled 50% full under normal pumping conditions. If the surge vessel water 

volume can vary between 40% and 60% full, then the pump cycle times can be calculated under 

minimum demand conditions of 46 gpm at night. Each duty pump has a design flow of 180 gpm. 

Therefore, the duty pump will need to turn on 5 to 7 times/ hour. 



SURGE ANALYSIS TECHNICAL MEMORANDUM | GREEN MOUNTAIN ESTATES PHASE 4 BOOSTER PUMP STATION | CITY OF CAMAS 

 FINAL | AUGUST 2021 | 15 

 

Figure 13 Run 3: Green Mountain Estates Pump Station Discharge Pressure 

 

Figure 14 Run 3: Green Mountain Estates Pump Station Suction Pressure 
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Figure 15 Run 3: Green Mountain Estates High Point Pressure 

 

Figure 16 Run 3: Pressure Profile Along the 8-inch Diameter Transmission Main Starting From the 
Green Mountain Estates Pump Station 
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Figure 17 Run 3: Surge Vessel Air Volume 

1.7.4   Run 4: Two duty pumps trip followed by start-up – 2,000 gallon surge vessel, peak 
hour demand 

This run includes a 2,000-gallon surge vessel at Green Mountain Estates Pump Station. In this 

simulation, during peak hour demand, two duty pumps trip followed by start-up with a 
2,000 gallon surge vessel. Figure 18 and Figure 19 show the time graph of the model-predicted 

discharge and suction pressures at Green Mountain Estates Pump Station. The model predicts 
the maximum pump discharge pressure is 207 psi, and the maximum suction pressure is 104 psi. 

Figure 20 shows the time graph of the high point pressures in Green Mountain Estates. After the 
pump station power failure. the high point pressure drops to 23 psi. 

Figure 21 shows the steady state, maximum, minimum, and vapor pressure along the pipeline 

starting at the Green Mountain Estates Pump Station. The surge vessel air volume is shown on 

Figure 22. The model predicts that the 2,000-gallon surge vessel is able to prevent vapor 

pressure from occurring along the entire length of the transmission main, but provide less 

cushion than 3,000 gallon surge vessel. 

A surge vessel will also be used to minimize pump cycling during low demand times. A surge 

vessel is normally filled 50% full under normal pumping conditions. If the surge vessel water 

volume can vary between 40% and 60% full, then the pump cycle times can be calculated under 

minimum demand conditions of 46 gpm at night. Each duty pump has a design flow of 180 gpm. 

Therefore, the duty pump will need to turn on 7 to 10 times/ hour. 



CITY OF CAMAS | GREEN MOUNTAIN ESTATES PHASE 4 BOOSTER PUMP STATION | SURGE ANALYSIS TECHNICAL MEMORANDUM 

18 | AUGUST 2021 | FINAL  

 

Figure 18 Run 4: Green Mountain Estates Pump Station Discharge Pressure 

 

Figure 19 Run 4: Green Mountain Estates Pump Station Suction Pressure 
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Figure 20 Run 4: Green Mountain Estates High Point Pressure 

 

Figure 21 Run 4: Pressure Profile Along the 8-inch Diameter Transmission Main Starting From the 
Green Mountain Estates Pump Station 
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Figure 22  Run 4: Surge Vessel Air Volume 

1.7.5   Run 5: Fire hydrant abrupt closure – no surge vessel, maximum day demand plus 
500 gpm fire flow 

The purpose of this run is to determine the undesirable surge pressures that may occur with no 

surge protection when fire hydrant closes abruptly, so that appropriate surge mitigation 

measures can be established. In this simulation, during maximum day demand plus 500 gpm fire 

flow, one duty pump and one fire pump are operating. When the fire hydrant located at the high 
point closes abruptly, the fire pump shuts down after filling in the hydropneumatic tank for some 

time. Figure 23 and Figure 24 show the time graph of the model-predicted discharge and suction 

pressures at Green Mountain Estates Pump Station. The model predicts the maximum pump 

discharge pressure is 200 psi, and the maximum suction pressure is 84 psi. Figure 25 shows the 

time graph of the high point pressures in Green Mountain Estates. The pressures at the high 

point range from 58 psi to 130 psi. 

Figure 26 shows the steady state, maximum, minimum, and vapor pressure along the pipeline 

starting at the Green Mountain Estates Pump Station. The model predicts that minimum 
pressures along the entire length of the transmission main are above 0 psi, and the maximum 

pressure is 208 psi. 
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Figure 23 Run 5: Green Mountain Estates Pump Station Discharge Pressure 

 

Figure 24 Run 5: Green Mountain Estates Pump Station Suction Pressure 
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Figure 25 Run 5: Green Mountain Estates High Point Pressure 

 

Figure 26 Run 5: Pressure Profile Along the 8-inch Diameter Transmission Main Starting From the 
Green Mountain Estates Pump Station 

1.7.6   Run 6: Fire hydrant abrupt closure – 3,000 gallon surge vessel, maximum day 
demand plus 500 gpm fire flow 

For the transient condition of fire hydrant abrupt closure, various sizes of surge vessel were 

evaluated, including 2,000 gallon, 3,000 gallon, and 5,000 gallon surge vessels. The model results 

show all these three size surge vessels have similar surge results. Along the 8-inch diameter 
transmission main, the surge pressures range between 70 psi and 219 psi. All these three size 
surge vessels have little effect in mitigating surge maximum pressures. 

Considering 3,000 gallon is sufficient and the most economic efficient among these three sizes 
regarding surge protection during a peak hour demand pump trip, only 3,000 gallon surge vessel 

analysis is reported here for fire hydrant abrupt closure scenario. In this simulation, during 
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maximum day demand plus 500 gpm fire flow, the fire hydrant closes abruptly with 3,000 gallon 

surge protection. Figure 27 and Figure 28 show the time graph of the model-predicted discharge 

and suction pressures at Green Mountain Estates Pump Station. The model predicts the 

maximum pump discharge pressure is 191 psi, and the maximum suction pressure is 90 psi. 

Figure 29 shows the time graph of the high point pressures in Green Mountain Estates. The high 

point minimum pressure is 130 psi. 

Figure 30 shows the steady state, maximum, minimum, and vapor pressure along the pipeline 

starting at the Green Mountain Estates Pump Station. The model predicts pressures as high as 
206 psi along the transmission main. The surge vessel air volume is shown on Figure 31.  

 

Figure 27 Run 6: Green Mountain Estates Pump Station Discharge Pressure 

 

Figure 28 Run 6: Green Mountain Estates Pump Station Suction Pressure 
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Figure 29 Run 6: Green Mountain Estates High Point Pressure 

 

Figure 30 Run 6: Pressure Profile Along the 8-inch Diameter Transmission Main Starting From the 
Green Mountain Estates Pump Station 
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Figure ͯͭ  Run Ͳ: Surge Vessel Air Volume 

1.8   Summary of Simulation Results 

Table Ͱ summarizes the model‐predicted maximum and minimum pressures along the 

transmission main, maximum discharge pressure and maximum suction pressure at the Green 

Mountain Estates Pump Station. 

Table Ͱ  Model Simulation Summary 

Run 
No. 

Demand  Description 
Surge 

Protection 
Device 

Pressure Along the 
Transmission Main 

Maximum 
Discharge 
Pressure 
at Green 

Mountain 
Estates 
Pump 

Station  
(psi) 

Maximum 
Suction 

Pressure 
at Green 

Mountain 
Estates 
Pump 

Station  
(psi) 

Maximum 
Pressure  

(psi) 

Minimum 
Pressure  

(psi) 

ͭ 
Peak 
Hour  

Two duty pumps 
trip followed by 

start‐up 

None 

ͭʹͮ 
Vapor 

Pressure  ͭʹͮ  ͵͵ 

ͮ 
Peak 
Hour  

Two duty pumps 
trip followed by 

start‐up 

ͱ,ͬͬͬ‐
gallon surge 

vessel   ͮͬͳ  ͱͬ  ͮͬͳ  ͭͬͰ 

ͯ 
Peak 
Hour  

Two duty pumps 
trip followed by 

start‐up 

ͯ,ͬͬͬ‐gallon 
surge vessel 

ͮͬͳ  ͯͱ  ͮͬͳ  ͭͬͰ 
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Run 
No. 

Demand Description 
Surge 

Protection 
Device 

Pressure Along the 
Transmission Main 

Maximum 
Discharge 
Pressure 
at Green 

Mountain 
Estates 
Pump 

Station  
(psi) 

Maximum 
Suction 

Pressure 
at Green 

Mountain 
Estates 
Pump 

Station  
(psi) 

Maximum 
Pressure  

(psi) 

Minimum 
Pressure  

(psi) 

Ͱ 
Peak 
Hour  

Two duty pumps 
trip followed by 

start‐up 

ͮ,ͬͬͬ‐
gallon surge 

vessel  ͮͬͳ ͮͯ ͮͬͳ ͭͬͰ 

ͱ 

Maximum 
Day Plus 
ͱͬͬ gpm 
Fire Flow 

Fire hydrant 
abrupt closure 

 

None ͮͬʹ ͱʹ ͮͬͬ ʹͰ 

Ͳ 

Maximum 
Day Plus 
ͱͬͬ gpm 
Fire Flow 

Fire hydrant 
abrupt closure 

 

ͯ,ͬͬͬ‐gallon 
surge vessel 

ͮͬͲ ʹͭ ͭ͵ͭ ͵ͬ 

1.9   Recommendations 

Both ͮ,ͬͬͬ gallon and ͯ,ͬͬͬ gallon surge vessels are able to eliminate vapor pressure and vapor 

cavity along the ʹ‐inch diameter transmission main. During the minimum demand in the day, 

extra pump flow out of the demand would discharge to surge vessel as storage. With a Ͱͬ to 

Ͳͬ percent water volume ͮ,ͬͬͬ gallon surge vessel, the pump station needs approximately ͳ to 

ͭͬ cycle times per hour to not overflow the surge vessel. With a Ͱͬ to Ͳͬ percent water volume 

ͯ,ͬͬͬ gallon surge vessel, the pump station needs approximately ͱ to ͳ cycle times per hour. 

According to Washington WSDM Section ͳ.ͭ.ͭ.ͭ, the maximum pump cycle times is Ͳ times per 

hour. The ͯ,ͬͬͬ gallon surge vessel meets the pump cycle times requirements. Therefore, a 

ͯ,ͬͬͬ gallon surge vessel at the Green Mountain Estates Pump Station is recommended. Table ͱ 

provides details of the proposed surge vessel. 

Table ͱ Surge Vessel Details Recommendations 

Surge Vessel at Green Mountain Estates 
Pump Station 

Recommendations 

Surge Vessel Type 
Hydropneumatic tank, with a compressor to 
maintain the desired air volume in the tank 

Tank Volume (gallons) ͯ,ͬͬͬ  

Initial Air Volume (gallons) ͭ,ͱͬͬ 

Tank Dimension Not critical, so use a standard size 

Orientation Horizontal is preferred 

Pressure Rating (psi) ͮͬͬ psi (plus ͭͬͬ psi surge allowance) 

Pipe Inlet/Outlet Size (inch) Ͱ 

Pump Discharge Valve 
Check valve with the ability to close quickly upon 

reverse flow 
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Project name: green mountian estates  
Customer’s name: Rotschy 
Customer contact:  Daniel Massie  
 

 

 
 
 
 

 
 

 
 

 
 

 
 
 

 

 

Voltage: 277/480  

Phase: 3 

Frequency: 60Hz 

Alt. Temp. Rise Duty: 130°C Standby @40C 

Qty of Gensets: 1 

Fuel type: Diesel 

Country : United States 

Application: Construction 

Emissions Requirement: Stationary emergency 
(US EPA) 

Altitude: 500 Feet 

Max. Ambient Temp.: 77 Degrees F 

Min. Genset Loading : 25 % 

Max. Genset Loading : 90 % 

Running kW: 89.65  
Running kVA: 100.77 
Running P.F.: 0.89 

Max.  Starting kW: 58.91 in step 2  
Max.  Starting kVA: 178.50 in step 2 

Genset Model: 125REOZJG  

Engine: 4045HF285  

Emission level: EPA Tier 3  

BHP: 197.00  

Displacement: 276.00  

RPM: 1800  

Alternator: 4R13X  

Alternator Leads: 12  

Alt. Starting kVA at 
35% V dip: 

540.00  

Cal Alt Temp rise 
with site loads: 

80C  

Excitation System : PMG  

Rated kW : 128.00  

Site Alt / Temp De-
Rated kW : 

128.00  

Seismic Certified     

UL 2200 Certified  

Voltage Dip Limit: 30.00 %  
Frequency Dip Limit: 10.00 % 
Harmonic Distortion 
Limit: 

10.00 % 

Calculated Voltage Dip: 14.97 % 
Calculated Frequency Dip: 4.14 % 
Calculated Harmonic 
Distortion: 

2.81 %  

Calculated Genset % 
Loaded: 

70.04 % 

Project information 

 

 
Site requirements 

 

 

Generator selection 

 

Generator Performance Summary 

 

Site load requirements summary 
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Model : 125REOZJG, Alternator : 4R13X 

 
 

Step # 1 
 

Qty Run Start Volt Dip 
% 

Freq Dip 
% 

Volt. 
Dist. % 

 
 
 
 

 

kW kVA PF kW kVA PF 

Lighting 
 

 Evenly distributed  
 Incandescent  

1 10.00 10.00 1.00 10.00 10.00 1.00    

Step Total  10.00 10.00 1.00 10.00 10.00 1.00 1.19 1.03 0.00 

Cum.Total  10.00 10.00 1.00       

  

Load Profile 
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Step # 2 
 

Qty Run Start Volt Dip 
% 

Freq Dip 
% 

Volt. 
Dist. % 

 
 
 
 

 

kW kVA PF kW kVA PF 

Motor 
pump 4 

 75.00 HP  
 3 Phase  
 Motor code : G  
 Loaded  
 NEMA Design  
 soft start with ramp  

1 60.82 71.13 0.86 58.91 178.50 0.33    

Step Total  60.82 71.13 0.86 58.91 178.50 0.33 14.97 4.14 0.00 

Cum.Total  70.82 79.85 0.89       
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Step # 3 
 

Qty Run Start Volt Dip 
% 

Freq Dip 
% 

Volt. 
Dist. % 

 
 
 
 

 

kW kVA PF kW kVA PF 

Motor 
pump 2  

 20.00 HP  
 3 Phase  
 Motor code : G  
 Loaded  
 NEMA Design  
 VFD  

1 18.84 20.93 0.90 18.84 20.93 0.90    

Step Total  18.84 20.93 0.90 18.84 20.93 0.90 2.31 1.39 2.81 

Cum.Total  89.65 100.77 0.89       

Grand Total  89.65 100.77 0.89    14.97 4.14 2.81 
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D

3' - 4"

VENTILATION LOUVER w/ 

MOTORIZED DAMPER, 

ABOVE, SEE MECH.

THROUGH WALL EXHAUST 

FAN w/BACK DRAFT 

DAMPER, ABOVE, SEE MECH.

2
' 
- 

0
"

8" CMU WALL TYP, 

SEE WALL TYPE ON A4

PREMANUF. PUMP SKID

PUMP CAN WELLS, 

SEE STRUCTURAL

ELECTRICAL METER, 

SEE ELECTRICAL

MAIN BREAKER, 

SEE ELECTRICAL

ELECTRICAL GEAR

WALL MOUNTED ROOM 

HEATER ABOVE, SEE 

ELECTRICAL

A5

A

5 HP AIR 

COMPRESSOR

1 2

A

B

30' - 0"

2
' 
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0
"

2
2

' 
- 

0
"

2
' 
- 

0
"

5
:1

2
5

:1
2

5:12 5:12

2' - 0" 2' - 0"

ASPHALT SHINGLES 

(MATCH NEARBY CLUBHOUSE)

PREFINISHED METAL GUTTERS AT 

PERIMETER, ROUTE DOWNSPOUTS 

TO APPROVED DRAINAGE PER CIVIL 

DRAWINGS

ROOF VENTS (MIN 

4.4 ft2 TOTAL AREA)

WASHINGTON STATE ENERGY CODE NOTES:

C103.6.3 COMPLIANCE DOCUMENTATION. ALL ENERGY CODE COMPLIANCE FORMS AND CALCULATIONS SHALL BE DELIVERED IN ONE DOCUMENT 

TO THE BUILDING OWNER AS PART OF THE PROJECT RECORD DOCUMENTS OR MANUALS, OR AS A STANDALONE DOCUMENT. THIS DOCUMENT 

SHALL INCLUDE THE SPECIFIC ENERGY CODE YEAR UTILIZED FOR COMPLIANCE DETERMINATION FOR EACH SYSTEM, NFRC CERTIFICATES FOR THE 

INSTALLED WINDOWS, LIST OF TOTAL AREA FOR EACH NFRC CERTIFICATE, THE INTERIOR LIGHTING POWER COMPLIANCE PATH (BUILDING AREA, 

SPACE-BY-SPACE) USED TO CALCULATE THE LIGHTING POWER ALLOWANCE.

FOR PROJECTS COMPLYING WITH SECTION C401.2 ITEM 1, THE DOCUMENTATION SHALL INCLUDE:

1. THE ENVELOPE INSULATION COMPLIANCE PATH (PRESCRIPTIVE OR COMPONENT PERFORMANCE)

2. ALL COMPLETED CODE COMPLIANCE FORMS, AND ALL COMPLIANCE CALCULATIONS INCLUDING, BUT NOT LIMITED TO, THOSE 

REQUIRED BY SECTIONS C402.1.5, C403.2.12.1, C405.4 AND C405.5

C103.6.4 SYSTEMS OPERATION TRAINING. TRAINING OF THE MAINTENANCE STAFF FOR EQUIPMENT INCLUDED IN THE MANUALS REQUIRED BY 

SECTION C103.6.2 SHALL INCLUDE AT A MINIMUM:

1. REVIEW OF MANUALS AND PERMANENT CERTIFICATE

2. HANDS-ON DEMONSTRATION OF ALL NORMAL MAINTENANCE PROCEDURES, NORMAL OPERATING MODES, AND ALL EMERGENCY 

SHUTDOWN AND START-UP PROCEDURES

3. TRAINING COMPLETION REPORT

C402.5.1.2 BUILDING TEST. THE COMPLETED BUILDING SHALL BE TESTED AND THE AIR LEAKAGE RATE OF THE BUILDING ENVELOPE SHALL NOT 

EXCEED 0.25 CFM/SQFT AT A PRESSURE DIFFERENTIAL OF 0.3 INCHES WATER GAUGE (2.0 L/S X SQM AT 75 PA) AT THE UPPER 95 PERCENT 

CONFIDENCE INTERVAL IN ACCORDANCE WITH ASTM E 779 OR EQUIVALENT METHOD APPROVED BY THE CODE OFFICIAL. A REPORT THAT 

INCLUDES THE TESTED SURFACE AREA, FLOOR AREA, AIR BY VOLUME, STORIES ABOVE GRADE, AND LEAKAGE RATES SHALL BE SUBMITTED TO THE

BUILDING OWNER AND THE CODE OFFICIAL. IF THE TESTED RATE EXCEEDS THAT DEFINED HERE BY UP TO 0.15 CFM/SQFT, A VISUAL INSPECTION OF 

THE AIR BARRIER SHALL BE CONDUCTED AND ANY LEAKS NOTED SHALL BE SEALED TO THE EXTENT PRACTICABLE. AN ADDITIONAL REPORT 

IDENTIFYING THE CORRECTIVE ACTIONS TAKEN TO SEAL AIR LEAKS SHALL BE SUBMITTED TO THE BUILDING OWNER AND THE CODE OFFICIAL AND

ANY FURTHER REQUIREMENT TO MEET THE LEAKAGE AIR RATE WILL BE WAIVED. IF THE TESTED RATE EXCEEDS 0.40 CFM/SQFT, CORRECTIVE 

ACTIONS MUST BE MADE AND THE TEST COMPLETED AGAIN. A TEST ABOVE 0.40 CFM/SQFT WILL NOT BE ACCEPTED.

1. TEST SHALL BE ACCOMPLISHED USING EITHER (1) BOTH PRESSURIZATION AND DEPRESSURIZATION OR (2) PRESSURIZATION 

ALONE, BUT NOT DREPRESSURIZATION ALONE. THE TEST RESULTS SHALL BE PLOTTED AGAINST THE CORRECT P FOR 

PRESSURIZATION IN ACCORDANCE WITH SECTION 9.4 OF ASTM E779

2. THE TEST PRESSURE RANGE SHALL BE FROM 25 PA TO 80 PA PER SECTION 8.10 OF ASTM E779, BUT THE UPPER LIMIT SHALL NOT 

BE LESS THAN 50 PA, AND THE DIFFERENCE BETWEEN THE UPPER AND LOWER LIMIT SHALL NOT BE LESS THAN 25 PA

3. IF THE PRESSURE EXPONENT N IS LESS THAN 0.45 OR GREATER THAN 0.85 PER SECTION 9.6.4 OF ASTM E779, THE TEST SHALL BE 

RERUN WITH ADDITIONAL READINGS OVER A LONGER TIME INTERVAL

CODE SUMMARY

2018 INTERNATIONAL BUILDING CODE WITH WASHINGTON STATE AMENDMENTS

CONSTRUCTION TYPE………………………………VB

OCCUPANCY CLASSIFICATION……………………U

PROPOSED BUILDING AREA………….660 SQ FT

PROPOSED MAX BUILDING HEIGHT….17’-11”
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VENTILATION LOUVER, 

SEE MECHANICAL

PREFINISHED METAL 

GUTTERS, TYP

APPROX GRADE 

AT EXT, TYP, SEE 

CIVIL DWG'S

RETAINING WALL 

PER CIVIL

HOLLOW METAL 

DOOR/FRAME, w/ 

MIN R-3 INSULATION

AB

8" SPLIT FACE CMU 

ABOVE GRADE 

8" SMOOTH FACE CMU 

BELOW GRADE SEE 

WATERPROOFING DETAILS 

PROVIDE SMOOTH FACE 

@ TOP COURSE FOR 

COVERED SOFFIT, TYP

1 2

EXHAUST FAN, SEE 

MECHANICAL

A B

OVERHEAD COIL 

DOOR w/MIN 

R-4 INSUL.

2-HEAD MOTION 

SENSOR LIGHT -

SEE ELECTRICAL 

EXTERIOR 

DOWN LIGHT -

SEE ELECTRICAL

8
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FINISH FLOOR

0"

T.O. WALL

13' - 4"

A B

8" CMU WALLS SEE 

ELEV'S & WALL TYPES, 

FILL MIN 50% CELLS 

w/PERLITE, OR SIM

FOOTING PER 

STRUCTURAL 

PREMANUF. 

PUMP SKID

ASPHALT SHINGLES

ROOFING UNDERLAMENT

3/4" PLYWOOD

MANUFACTURED TRUSSES

R-49 BATT INSUL -

IN CEILING

A4

3

6" CONC SLAB ON 

GRADE, SEE STRUCT. 

PREFINISHED METAL 

GUTTERS, TYP

DURAMAX PVC 

CEILING PANELS

OVERHEAD CRANE 

SYSTEM, PER STRUCT.

A4

1

PUMP CAN WELLS 

PER STRUCT.

FINISH FLOOR

0"

T.O. WALL

13' - 4"

12

PREFINISHED METAL 

GUTTERS, TYP

FOOTING PER 

STRUCTURAL 

PREMANUF. PUMP SKID

ASPHALT SHINGLES

ROOFING UNDERLAMENT

3/4" PLYWOOD

MANUFACTURED TRUSSES

COIL DOOR

8" CMU WALLS SEE 

ELEV'S & WALL TYPES, 

FILL MIN 50% CELLS 

w/PERLITE, OR SIM

DURAMAX PVC 

CEILING PANELS

OVERHEAD CRANE 

SYSTEM, SEE STRUCT.

A4

4 A4

3

A4

1

TYP @

RET

WALL

GRADE PER CIVIL DWGS

8" CONCRETE 

MASONRY UNIT 

GROUTED CELL @ 

REINF, SEE STRUCT

NOTES:

1. CMU TO BE NATURAL GRAY

2. CMU TYPE (SEE WALL ELEV'S):

A. SPLIT FACE ABOVE GRADE

B. SMOOTH FACE BELOW GRADE

3. PROVIDE SMOOTH FACE @ TOP COURSE FOR SOFFIT TERMINATION

INSUL. REMAINING 

CELLS (MIN 50% REQ'D)

ASPHALT OR CONC 

SIDEWALK, SEE CIVIL

CMU EXT WALL

2" EXTRUDED POLY 

INSUL (R-10)

1" EXTRUDED 

POLY INSUL (R-5)

CONT BEAD 

OF SEALANT

2' - 0" MIN

GRAVEL PER 

SITE PLAN

SPLIT FACE CMU

SMOOTH FACE CMU

FOOTING DRAIN IN 

FREE DRAINING GRAVEL 

w/FILTER FABRIC

FOUND INSUL PER 

DETAIL 3

MEL-DRAIN DRAINAGE 

BOARD (STOP 6" 

BELOW GRADE)

MEL-ROL SELF ADHERING 

WATERPROOFING 

MEMBRANE, APPLY PER 

MANUF RECOM.

CEILING INSULATION 

PER BUILDING 

SECTION

CEILING PANELS 

PER BUILDING 

SECTION

ROOF BUILD-UP PER 

BUILDING SECTION

ATTIC VENT BAFFLES

VENTED BLK'G

PRE FINISHED MTL 

GUTTERS & 

FASCIA WRAP

PREFINISHED METAL 

VENTED SOFFIT

PROVIDE SMOOTH FACE 

CMU @ TOP COURSE
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0"

T.O. WALL

13' - 4"

1 2

COIL DOOR

ELECTRICAL GEAR, 

SEE ELECTRICAL 

DRAWINGS

VENTILATION 

LOUVER, SEE 

MECHANICAL

CRANE BEAMS, SEE STRUCTURAL

FINISH FLOOR

0"
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13' - 4"

A B

FINISH FLOOR
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" 

 1883
4" 

 39"  37"  34"  34" 

1211

1

21

17

4

3

211719 2

 7
99 16

" 

 2
51 8"

 

8" DISCHARGE

8" SUCTION

1215510 9

DUTY PUMP ASSEMBLY
QUANTITY - 3 EA.

7

13

22
19

20

PRESSURE RELIEF ASSEMBLY
QUANTITY - 1 EA.

18

24

18

16

HIGH FLOW
PUMP ASSEMBLY
QUANTITY - 2 EA.

8

14

23

21

21

REV. DESCRIPTION DATE APVD

REVISIONS

ITEM NO. DESCRIPTION Size QTY.
1 DISMANTLING JOINT 8" 1
2 FLOW METER, BADGER 4" 1
3 FLOW METER, BADGER 8" 1
4 HIGH PRESSURE SWITCH 1/4" 1
5 LOW PRESSURE SWITCH 1/4" 1
6 NOT USED                                                                               N/A                N/A

  7 MOTOR 20 HP 3
8 MOTOR 75 HP 2
9 PIPE SADDLE SUPPORT, 10" 10" 1

10 PRESSURE GAUGE, 30PSI 2-1/2" 1
11 PRESSURE GAUGE, 100PSI 2-1/2" 1
12 PRESSURE TRANSDUCER, -14.5_145PSI, NSF 1/4" 2
13 PUMP, TURBINE, DI HEAD 4" 3
14 PUMP, VERTICAL TURBINE, DI 8" 2
15 SAMPLE TAP 3/4" 1
16 SKID, BENT 72"x188" 1
17 VALVE, AIR RELIEF 3/4" 2
18 VALVE, BUTTERFLY, LUG, LEVER, 175 PSI 3" 2
19 VALVE, BUTTERFLY, LUG, 175 PSI 4" 4
20 VALVE, BUTTERFLY, LUG, 175 PSI 6" 3
21 VALVE, BUTTERFLY, LUG, 175 PSI 8" 6
22 VALVE, CHECK, SILENT 4" 3
23 VALVE, CONTROL, 60-11 8" 2
24 VALVE, PRESSURE RELIEF, ANGLED 3" 1
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Design Point 1:

Minimum Power:
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HP/Pump

DESIGN SPECIFICATIONS

Duty Pump Details: GPM   @

PSI

Phase

TDH
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290150

3

1300 PSIGPM   @Design Point 2: 127

High Flow Pump Details: 290HP/Pump75 TDHGPM   @650

PSIIntake Pressure: 31

PM Pump Details: 290HP/Pump7.5 TDHGPM   @40
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