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Section 3: Seasonal Storage 

The required increase in the seasonal storage developed in this section is for the three 
scenarios discussed previously, which includes two ultimate conditions and excludes the 
Bell/Alti properties.  Seasonal storage for Bell/Alti is to be provided separately and therefore, is 
not included in the seasonal storage calculations below. 

3.1  Background 
Recycled water must be stored during times when it is not being used for irrigation, usually 
caused by wet weather conditions.  It is typically required to have storage facilities sized for 84-
days of storage for disposal of recycled water.  The Woods Valley Golf Course (WVGC) project 
was permitted to have a smaller volume of wet weather storage by the RWQCB as developed in 
the Report of Waste Discharge (RWD) for the WVRWRF.  Currently, annual reclaimed water 
production at WVRWRF is substantially less than the annual golf course irrigation demand. 
Therefore, for the golf course, only 45-days of storage are currently required by the discharge 
permit.   

The Ultimate GP 2020 Land Use Condition will require additional seasonal storage equal to 84 
days of average daily flow generated by the Project.  Currently, there are 9.7 acre-feet (AF) of 
existing seasonal storage in place for the Woods Valley Golf Course.  Since the maximum 
possible EDUs for the Project - 1,867 EDUs (190 from Phase II + 398 from Existing LU + 1,279 
from Ultimate LU) - will be generating approximately 467,000 gpd of wastewater, 129 acre-feet 
(AF) (without Bell/Alti) of seasonal storage is necessary to meet this 84-day requirement.  See 
Table 4 for details.   

Table 4: South Village Seasonal Storage Summary 

Incremental 
Storage Req'd  

Total Storage 
Req’d 

Scenario 

Increment
al Design  

Flow (gpd) 

Total 
Design 
Flow 
(gpd) 

Annual 
Flow (AF) Days (MG) (AF) (MG) (AF) 

Phase I Woods Valley  70,000 78.4 45 3.2 9.7 3.2 9.7 
Phase II Treatment 
Facility Expansion (155 
EDUs+35 VWMWD) (1) 

47,500 117,500 131.7 60 (2) 3.9 12.0 7.1 21.6 

Existing Land Use - 
Ultimate Cond (398 
EDUs) (1) 

99,500 217,000 243.2 84 11.2 34.3 18.2 55.9 

GP 2020 Land Use - 
Ultimate Cond (1,279 
EDUs) (1) 

319,750 536,750 601.5 84 26.9 82.4 45.1 138.4 

Additional Storage Required by Phase II Expansion Project 12.0   
Total Additional Storage Required by Ultimate GP 2020 Expansion Project 128.7   
(1)     Excludes Bell/Alti properties and flow. 
(2) Sixty (60) days based on combined Phase I and Phase II properties.  Phase I had 45 days.  Eighty-four (84) 

days provided for Phase II flow component. 
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Four alternative locations were evaluated for the seasonal storage sites as shown on Figure 7.  
Also, three fundamental types of storage tank construction options were evaluated:  

1) an above-ground tank constructed of steel or prestressed concrete,  

2) a below-ground tank constructed of round prestressed concrete or rectangular 
reinforced concrete, and  

3) embankment type basin, probably lined and possibly covered.  Typically the 
basin type is the least costly for construction, but requires substantially more 
land.   

The final choice has been determined using a matrix as shown in Table 4, which takes into 
account property acquisition, environmental mitigation, required facilities to connect to the 
system, and operational issues.  Three of the following options provide for a basin type 
reservoir.  A single basin reservoir for the ultimate project does not appear feasible due to the 
restrictions of the California Division of Safety of Dams (DSOD).  To avoid the DSOD 
institutional difficulties, the following restrictions from the California Water Code Division 3. 
Dams and Reservoirs, were used: 

1. Pond has capacity less than 50 AF. 

2. Depth from berm to bottom of pond is less than 15 feet. 

Phasing the storage ponds will most likely require a larger site but will avoid the institutional 
difficulties of DSOD.   

3.2 Potential Storage Sites Evaluated 

3.2.1 East Storage Site 
This reservoir option includes a basin-type reservoir on the northern or northeastern portion of 
APN 186-210-55, a 45 acre property adjacent and east of Orchard Run.  Figure 7 shows this 
proposed site.  The property appears to be unimproved.  The GP 2020 shows the property to be 
Village Residential (VR-2) 2 du/ac land use.  This property made a commitment to be part of the 
South Village Phase II Expansion Project.  Initial investigation of the elevations and topography 
from contour data provided by VCMWD indicate that a reservoir constructed at this site might 
have a bottom elevation of 1275, and a high water level of 1300.  Additional property and/or 
easements would be required for access, construction, and operations.  The elevation would be 
about the same as the treatment plant, but a possible pipeline route would require going over a 
high point of about 1400 feet.   

Results from the environmental CEQA investigation show environmental issues to exist over a 
large portion of the site.  The site is dominated by two vegetation communities: non-native 
grasslands and flat topped buckwheat scrub.  Also, the Moosa Creek crossing disturbed a large 
area of the natural stream bed. 
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3.2.2 West Storage Site 
The West site option includes a basin-type reservoir on the property adjacent to the west 
boundary of the Brook Forest development.  This property is shown on the GP 2020 as Rural 
Land (RL-20) 1 du/20ac and is shown on Figure 7.  The total site is approximately 194 acres.  In 
the past, it has been used as a commercial nursery, with extensive greenhouse type structures 
in the area that seems suitable for a basin.  Its elevation is between 1250 and 1275 and a likely 
location for a Phase II project basin lies entirely within the area previously disturbed for nursery 
operations.  Moosa Creek traverses the northern portion of the site from east to west.  
Environmental issues appear to be manageable as long as Moosa Creek is avoided.  While it is 
not in a waterway, ground water may be an issue.  This is a potentially good site for the 
reservoir construction. While the distance from the service area is the farthest with this site, the 
lack of environmental issues is a plus for this site.  Property acquisition would be required.  

3.2.3 District Site 
The District has plans to development the site in approximately 10-15 years for a new 
administrative building.  The storage pond proposed for this site would include a buried 
constructed reservoir on the property VCMWD currently owns on Lilac Road (see Figure 7).  
This would avoid land acquisition issues.  For a 25 million-gallon (mg) reservoir, a 20-feet deep 
tank would require a square tank 410 feet on a side, approximately 4 acres in area.  A parking 
lot, park, or even the office building could be constructed on the top.  The environmental issues 
are known, and could be avoided.  Additional property acquisition would be required due to the 
small site.  The construction costs would be the highest, and possible shared costs with the 
water system would need to be evaluated.  The property, while lower than surrounding area is a 
drainage divide, and may have significant underground rock.  This is a potentially costly option.  
No further study was done on this site at this time. 

3.2.4 Brook Forest Site 
The Brook Forest site option includes a basin-type reservoir on the property.  The total site is 
approximately 230 acres, a rectangular-shaped parcel, and located immediately south of 
Betsworth Road, as shown on Figure 7.  The site’s elevation varies greatly from a low of 1250 
feet to a high of approximately 1640 feet.  The property appears to be unimproved.  The GP 
2020 shows the property to be Rural Land (RL-20) 1 du/20ac and Semi-rural Residential (SR-1) 
1 du/1,2,4 ac land use.   

Results from the environmental CEQA investigation show environmental issues to exist over a 
large portion of the site.  There is no existing access to the site.  Access to the site from the 
north (Betsworth Road) would result in a new crossing of Moosa Creek, which traverses the 
northern portion of the site from east to west.  It is anticipated that extensive agency 
coordination, permitting, and mitigation would be required for this crossing.  Access from the 
south could be limited by steep slopes and may require a pumping system to deliver reclaimed 
water to the pond.  Additionally, access from the south would be cost prohibitive as it would 
require a more extensive pipeline system within privately owned property, thus requiring the 
District to purchase additional easements.   
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3.2.5 Recommended Storage Site 
The West site is the preferred storage site due to the lack of environmental issues, the large 
size of the parcel for reuse operations and the potential ease of land acquisition.  It is 
recommended that VCMWD pursue negotiations with the property owners of the West site for 
purchase of the parcels.   

It is also recommended that VCMWD start negotiations with the property owners of the East site 
for purchase of this site for reuse operations.  Section 6 details the possible required acreage 
for reuse operations at ultimate conditions.  It appears that the West site at approximately 200 
acres may not be large enough to accommodate all the required reuse that is needed.  
Therefore, the East site is recommended as a back-up to the West site for reuse irrigation.  This 
is discussed further in Section 6. 

If the factors used in Table 5 to evaluate the sites change, then these recommendations may 
need to be updated to account for the revised conditions. 

Table 5: Storage Site Evaluation Matrix 

Potential Seasonal Storage Sites 

No. Criterion East Site West Site 
VCMWD 

Site 

Brook 
Forest 

Site 

1 
Capital Cost - degree 
of construction difficulty 3 1 5 4 

2 
O&M Cost - pumping 
requirements 3 3 2 5 

3 
Available area - ability 
to expand 4 1 5 1 

4 

Proximity to Reuse 
Areas - need for 
distribution piping & 
additional pumping to 
reach reuse area 4 1 5 4 

5 

Property Availability - 
anticipated acquisition 
issues 4 4 1 2 

6 

Site topography - ability 
to grade large open 
reservoir 3 1 1 4 

7 
Environmental Impact 
issues 4 2 1 5 

 Total Points 25 13 20 25 
Ranking Methodology: 
1 to 5:  1 very favorable, 2 favorable, 3 acceptable, 4 limited acceptability, 5 least acceptable 
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3.3 Earthwork 
Figure 8 shows the layout of the four proposed storage ponds and the 2-foot contours that were 
used for the preliminary site calculations.  The area disturbed for the Ultimate Seasonal Storage 
Ponds is approximately 25 acres.  It is assumed that for all ponds, the width at the top of the 
berm is 20 feet and that the sides of the pond are constructed with a 3:1 slope to the pond floor 
on the interior and to the existing grade on the exterior.  It is assumed that on-site soil can be 
used to make up the difference in soil deficits and that no import soil will be required.   

3.4 Piping 
The effluent/storage pipeline route is shown on Figure 9 and the pipeline size is recommended 
to be a 6-inch diameter pipe.  The effluent pipe (pumping from the WVRWRF to the storage 
ponds) has been sized assuming WVRWRF equalization and worst-case conditions at 
WVRWRF.  The worst-case conditions are when it is raining and the WVGC seasonal storage is 
full, so the effluent pipe would have to transport the Ultimate GP 2020 flows (537,000 gpd).  The 
existing effluent pump station at the WVRWRF needs to be modified to allow pumping to the 
storage ponds.  See Section 5.3 for details.   

To determine the pipeline size required for the return flow from the storage pond to the WVGC, 
worst-case conditions have also been assumed.  These conditions would be when the 
maximum day demand occurs at WVGC and the entire demand is met by pumped flow from the 
West storage site.  Maximum day demand is assumed to be 2 times the average demand at the 
WVGC.  A 6-inch pipeline is required.  At this pipe diameter, the pumping rate is approximately 
520 gallons per minute (gpm) and the velocity is 5.9 feet per second (ft/s).   

3.5 Storage Pump Station 
A booster pump station will need to be constructed at the storage pond site (see Figure 9) to 
pump the recycled water from the storage ponds to the disposal area or back to the WVRWRF 
for use at the golf course.  This pump station was sized to pump water at a rate equal to the 
maximum day demand of the golf course, which is approximately 520 gallons per minute (gpm).  
Based on a system hydraulic analysis (see Appendix A), a package pump station was selected 
that is capable of pumping 520 gpm at 320 feet of total dynamic head (TDH).  This package 
pump station (Grundfos BoosterpaQ MS) contains three 40 horsepower vertical multistage 
pumps (Model MPC-5-2CR45-4).  Each pump has a capacity of 260 gpm at 320 feet of head.  
Operationally, it was assumed that two pumps would be in use and one used for standby.    

This pump station will be installed for the Phase II Expansion Project at the designated location 
on Figure 9.  For the ultimate conditions, the pump station is assumed to be relocated at a lower 
elevation closer to an expanded storage pond.  Suction piping and valving are assumed to be 
installed to operate all the ponds from this pump station.  For the cost estimate in Section 8, the 
PDR’s cost estimate for the pump station was modified and the relocation was added along with 
the additional access road requirements. 
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3.6 Land Acquisition 
The storage pond for the South Village ultimate condition GP 2020 land use will require 
approximately 25 acres of land for the pond itself.  As discussed in Section 6, the worst-case 
scenario for recycled water reuse irrigation could potentially require another 220 acres of land.  
Therefore, approximately 245 acres of land is recommended to be purchased for the South 
Village ultimate condition GP 2020 land use. 

It should be noted that if a developer is proposing an expansion, it will be the developer’s 
responsibility to provide the seasonal storage site. 

3.7 Lining and Cover/Filter Options 
The seasonal storage pond for the South Village ultimate conditions will be lined to eliminate on-
site percolation.  It is recommended that the lining material be polypropylene (45-mil minimum). 

As discussed in the PDR report for the Phase II Expansion Project, there are two options to 
eliminate the accumulation of algae within the stored water in an open reservoir or storage 
pond.  Since this water is to be used for irrigation purposes, algae are undesirable because it 
can cause clogging with the irrigation system.  In order to solve this algae problem, the seasonal 
storage pond can either be covered or a filtration system can be installed on the discharge side 
of the booster pump station.  

For budgetary purposes, Kennedy/Jenks is assuming that the unit cost per gallon of seasonal 
storage ponds is the same as the filtration system option completed in the PDR, which was 
$1,153,000 for 12.0 acre-feet (AF) (or 3.9 mg) which is $0.30/gallon. 
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Section 4: Operational Storage 

The Phase II Expansion Project Seasonal Storage Pond discussed in Section 3 will be the 
operational storage for the ultimate system.  If a developer is proposing an expansion, it will be 
the developer’s responsibility to provide any required operational storage. 
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Section 5: Treatment Plant Expansion 

5.1 Existing Facilities 
The existing WVRWRF project includes a 70,000 gpd reclamation plant that serves the Woods 
Valley development and was completed in December 2006.  An expansion of 87,000 gpd is now 
being designed to accommodate the Phase II Expansion project bringing the total capacity to 
157,000 gpd.     

The plant facilities include treatment processes up through the tertiary level, a twenty four (24) 
hour emergency storage basin for partially treated effluent and pumping facilities required to 
convey effluent to seasonal storage and effluent reuse irrigation systems at the Woods Valley 
development.  The total site is contained within an approximately five acre parcel that will be 
dedicated to VCMWD upon completion of the WVRWRF 70,000 gpd facility.  

5.2 Treatment Plant Expansion 
Table 6 summarizes the treatment plant capacity requirements for the three scenarios. 

Table 6: Treatment Plant Capacity Requirements 

Scenario 1 
(Phase II Exp.) 

Scenario 2  
(Ult Exist LU) 

Scenario 3  
(Ult GP 2020 LU) 

  EDUs 
Flow 
(gpd) EDUs 

Flow 
(gpd) EDUs 

Flow 
(gpd) 

Cumulative 
Req'd 

Capacity 
(gpd) 

Phase I Woods 
Valley 280 70,000 280 70,000 280 70,000 70,000
Orchard Run 0 0 300 75,000 300 75,000 145,000
Bell/Alti 160 40,000 160 40,000 229 57,250 202,250
Phase II Treatment 
Plant Expansion 
(155 EDUs+35 
VWMWD) 190 47,500 190 47,500 190 47,500 249,750
Existing Land Use 
- Ultimate Cond 
(398 EDUs) 0   398 99,500 398 99,500 349,250
GP 2020 Land Use 
- Ultimate Cond 
(1,279 EDUs)* 0   0 0 1279 319,750 669,000

Total 630 157,500 1,328 332,000 2,676 669,000   
 

All future phases of the WVRWRF will be designed on the basis of the AeroMod extended 
aeration activated sludge treatment process followed by tertiary filtration and disinfection.  Each 
future capacity phase of the plant will require a corresponding recycled water transmission, 
storage, distribution and irrigation system within each master planned development. 
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The ultimate site plan for the WVRWRF will include a treatment plant layout to accommodate an 
ultimate secondary and tertiary treatment plant capacity of 450,000 gpd (0.45 mgd) or 1,800 
EDU’s.  This capacity will be achieved in a series of phased expansions of equal sized unit 
processes.   

Based on the County’s GP 2020 land use densification, the South Village area has a potential 
maximum flow of 669,000 gpd or 2,676 EDU’s.  This document uses the maximum EDU’s 
based on the County’s land use planning of 2,676 EDU’s. 

The facilities required for each future phase have been determined on the basis of capacity 
including Title 22 reliability and redundancy requirements.  This means that one unit process 
train or piece of equipment could be removed from service and the plant would continue to 
perform at full capacity.  This also requires that the operating controls and stand-by power be 
available to automatically run the entire plant in the event of commercial power failure.  The 
greatest redundancy impacting the phasing of the plant is that two AeroMod activated sludge 
modules will be required in the Phase II Expansion. 

A summary of the principal items included in each of the phases is listed below: 

Phase I Wood Valley Ranch WRF   

• Existing MBR Facility 

Phase II Phase II Expansion Participants and Bell/Alti 

• Two AeroMod Unit Processes (Tanks and Equipment)  
• Blowers 
• Compressors 
• 6 hr Influent Emergency Storage and 6 hr Equalization 
• Influent pumps 
• 24 hr Off spec storage 
• Grading 
• Retaining wall 
• Filters 
• Effluent pumps 

Phase III Orchard Run 

• One AeroMod Unit Processes (Tanks and Equipment)  
• Blowers 
• Compressors 
• 6 hr Influent Emergency Storage and 6 hr Equalization 
• Effluent pumps 
• 24 hr Off spec storage 
• Filters 
• Sludge Dewatering  

Phase IV Future Developer 

• One AeroMod Unit Processes (Tanks and Equipment)  
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• Blowers 
• 6 hr Influent Emergency Storage and 6 hr Equalization 
• Effluent pumps 
• 24 hr Off spec storage 
• Filters 
• Influent pumps upgrades 
• Filters 
• Chlorine Contact Basin 
• Emergency Generator 
• Rotary Drum Screen 

Phase V Future Developer Ultimate Plant capacity 

• 6 hr Influent Emergency Storage and 6 hr Equalization 
• Effluent pumps 
• 24 hr Off spec storage 
• Filters 

5.3 Effluent Pump Station Modification 
The equalized treated flow for each of the three scenarios will need to be pumped from the 
effluent pump station to the storage ponds.  See Appendix B for the Technical Memorandum on 
the WVRWRF Expansion and Modifications. 
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Section 6: Recycled Water Reuse System 

The priorities of the operation of the reuse system are as follows: 

● When recycled water is available, it is the first priority to be used for irrigation. 

● Supplemental water must be available to meet irrigation needs when recycled water 
production isn’t available. 

● Well water may be available at WVRWRF for supplemental water supply. 

● WVRWRF may be required to use well water at times to control the ground water level. 

● When recycled water cannot be used on the reuse areas, it must be stored for use when 
it can be used. 

Per the RWQCB as developed in the RWD, the WVGC is expected to utilize 420 acre-feet/year 
(AFY), but is required to also manage the groundwater level.  The RWD for the treatment plant 
states that the groundwater from onsite wells and potable water from VCMWD will be used to 
supplement reclaimed water use for irrigating the fairways, roughs, and driving range.  It is still 
being determined at what rate the groundwater wells are to contribute to the water balance 
shown in Table 7.  For purposes of this document, the worst-case scenario has been assumed 
for the groundwater contribution to predict the potential reuse irrigation required. 

In Table 7, an application rate of 2.5 feet/year is assumed to determine the required number of 
acres and that eighty percent (80%) of a gross area is usable for irrigation purposes. 

For the ultimate condition GP 2020 land use, the worst-case scenario for the groundwater well 
contribution (GW = 250 AFY) predicts a reuse irrigation requirement of approximately 220 
acres. 

In Section 8, the cost for reuse irrigation piping is estimated at $545/acre for a unit cost for 
irrigation.  This estimate was calculated from discussions with landscapers in the Valley Center 
area and assumes avocado trees are grown.
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Table 7: South Village Preliminary Water Balance 

 
Input to Irrigation/Reuse Systems (AF) Water Reuse (AF) 

EXPANSION 
OPTION 

WVR 
(70,000 

gpd) 

OR 
(77,000 

gpd) 

Bell/Alti 
(160 
EDU) 

Phase 
II 

Particip
ants 

Unpaid 
Particip

ants GW* 

Total 
Amt to 

be 
Reused 

Woods 
Valley 
Ranch 
(420 
AF\ 

Max) 

New 
Reuse 
Area 

Net Reuse 
Acres 

Required 

Gross 
Reuse 
Acres 

Required 
Worst-Case Groundwater Scenario 

Phase I Total 78.4 0.0 0.0 0.0 0.0 250 328.4 328.4 0.0 0 0 
Phase II Treatment 
Plant Expansion (155 
+35 EDUs) 78.4 0.0 0.0 53.2 0.0 250 381.7 381.7 0.0 0 0 
Existing Land Use – 
Ultimate Cond (398 
EDUs) 78.4 0.0 0.0 53.2 111.5 250 493.2 493.2 73.2 29 37 
GP 2020 Land Use – 
Ultimate Cond (1,279 
EDUs) 78.4 0.0 0.0 53.2 469.8 250 851.5 851.5 431.5 173 216 
* Assumption for worst-case scenario in groundwater well contribution. 
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Section 7:   Phase II Participants Oversizing 

7.1 Collection System Sizing 
Phase II oversizing is addressed in the PDR, for future phasing the following was used to 
evaluate oversizing: 

 One option is to install a second pipe when the Phase II Participant’s pipe is installed.  
The cost savings is not that significant because of benching required (when trenching) 
for the lateral connections – the trenching cost isn’t the same price as with only one pipe, 
but it is 1.67 times the cost of just one pipe. 

For the future phases, it is recommended to evaluate the velocities and oversize if the minimum 
velocity can be obtained. 

7.2 Effluent Pipeline Sizing 
As explained in Section 3.4, the effluent pipeline sizing is determined based on the irrigation 
demands of the WVGC.  Since these irrigation demands are the same for the PDR and the 
Master Plan, the same diameter pipeline is required for either case and there is no oversizing of 
the effluent pipeline.
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Section 8:   Cost Estimates 

8.1 Estimated Construction Costs 
The estimated construction costs for the three scenarios of the South Village Master Plan are 
summarized in Table 8.  The project costs are presented assuming a seasonal storage pond 
with a filtration system and no cover on the pond.  Tables 9 and 10 present the costs for the 
proposed collection system shown on Figures 2 and 3, respectively.  Table 11 is the cost for the 
seasonal storage pond with a filter system.   

Assumptions for the costs are as follows: 

1. Estimates of probable capital costs provided represent Order of Magnitude level costs as 
established by the American Association of Cost Engineers (AACE) and represent an 
accuracy of +50% to -30%.   

2. A 25% contingency was added to the costs for unknowns. 

3. The same contingency was added for engineering, legal, and administrative costs that 
was used in the Phase II Expansion PDR, which was as follows: 

• Total cost at 18% 
• Design - 9% 
• Construction Management - 8% 
• Admin - 1% 

This also assumes that no additional CEQA costs are required. 

4. These are preliminary costs developed from current costs for similar facilities adjusted 
for the San Diego area.  All costs are presented in current 2008 dollars (RS Means). 

5. No costs for financial aid or bond related financing costs (admin included) have been 
assumed. 

6. Costs for land acquisition have not been included. 
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Table 8: Engineer’s Opinion of Probable Construction Cost – South Village 
Master Plan 

Project Component 
Scenario 1 (1) 

(Phase II Exp.) 
Scenario 2  

(Ult Exist LU) 

Scenario 3  
(Ult GP 2020 

LU) 
Wastewater Collection System $2,304,000 $2,773,000 $2,889,000 
Seasonal Storage Pond – Filter 
Option $1,153,000 $4,500,000 $12,570,000 

Effluent Piping and Pump Station $2,414,000 $2,893,000 (2) $3,132,000 (2) 

WVRWRF Expansion (3) $7,847,000 $21,104,000 $23,907,000 

Existing WVRWRF Buy-in Cost (4) $1,750,000 $3,000,000 $3,000,000 
Project Total – Storage Filter 

Option $15,468,000 $34,270,000 $45,498,000 
(1) Costs obtained from “Draft South Village Phase II Expansion Project PDR”. 
(2) Reuse irrigation piping has been included in the Effluent Piping and Pump Station cost using a unit cost 

of $545/acre.  Scenarios 2 and 3 have 37 and 216 acres irrigated, respectively.  
(3) Per Technical Memorandum in Appendix B. 
(4) Rate is $5,000/EDU per VCMWD. 

 

Table 9: Engineer’s Opinion of Probable Construction Cost – Ultimate 
Existing Landuse Wastewater Collection System 

Item Description Materials Installation 
Sub-

Contractor Total 
General Requirements     $146,100 $146,100
Site Work $247,600 $776,600 $10,000 $1,034,200
Mechanical $64,700 $162,000   $226,700
Means City Index – San Diego $9,400 $81,700   $91,100

Subtotals $321,700 $1,020,300 $156,100 $1,498,100
Taxes @ 7.75% $25,000 N/A N/A $25,000

Subtotals $346,700 $1,020,300 $156,100 $1,523,100
Contractor MarkUp on Sub @ 12%   $18,800 $18,800

Subtotals $346,700 $1,020,300 $174,900 $1,541,900
Contractor OH&P @ 15% $52,100 $153,100 $26,300 $231,300

Subtotals $398,800 $1,173,400 $201,200 $1,773,200
Contingency @ 25% $99,700 $293,400 $50,300 $443,300

Subtotal $498,500 $1,466,800 $251,500 $2,216,500
Escalate to Midpt of Constr @ 4%     $133,000

Estimated Bid Price       $2,350,000
Engineering & Admin @ 18%       $423,000

Total Estimate     $2,773,000
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Table 10: Engineer’s Opinion of Probable Construction Cost – Ultimate GP 
2020 Landuse Wastewater Collection System 

Item Description Materials Installation 
Sub-

Contractor Total 
General Requirements     $151,400 $151,400
Site Work $247,600 $776,600 $10,000 $1,034,200
Mechanical $103,300 $176,500   $279,800
Means City Index – San Diego $10,600 $83,000   $93,600

Subtotals $361,500 $1,036,100 $161,400 $1,559,000
Taxes @ 7.75% $28,100 N/A N/A $28,100

Subtotals $389,600 $1,036,100 $161,400 $1,587,100
Contractor MarkUp on Sub @ 12%   $19,400 $19,400

Subtotals $389,600 $1,036,100 $180,800 $1,606,500
Contractor OH&P @ 15% $58,500 $155,500 $27,200 $241,000

Subtotals $448,100 $1,191,600 $208,000 $1,847,500
Contingency @ 25% $112,100 $297,900 $52,000 $461,900

Subtotal $560,200 $1,489,500 $260,000 $2,309,400

Escalate to Midpt of Constr @ 4%     $138,600

Estimated Bid Price       $2,448,000
Engineering & Admin @ 18%      $440,700

Total Estimate       $2,889,000

 

Table 11: Engineer’s Opinion of Probable Construction Cost – Storage Pond 
Filter Option 

Scenario 1  
(Phase II Exp.) 

Scenario 2  
(Ult Exist LU) 

Scenario 3  
(Ult GP 2020 LU) Storage 

Pond Unit 
Cost 

($/gal) 
Total Req’d 

Volume (mg) Cost ($) 

Total Req’d 
Volume 

(mg) Cost ($) 

Total Req’d 
Volume 

(mg) Cost ($) 
$0.30 (1) 3.9 $1,153,000 15.0 $4,500,000 41.9 $12,570,000

(1) Unit cost derived in Section 3.7. 

 

 



Appendix A 

Seasonal Storage System Hydraulics 



Pump Curve/System Head (C=120)
Grundfos, MPC-5-2CR45-4, 60 Hz, 40 Hp
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A B C D E F G H I J K L M N
PUMP DESIGN CALCULATION

PROJECT NAME: South Village Phase II Expansion
CLIENT: Valley Center Municipal Water District
EQUIPMENT TAG NO(S):

Project No. 0587132.00 Denotes input required by designer
Calculated from spreadsheet

A. GENERAL INFORMATION

1 Pump Service (Primary Grit, eg.):  Recycled Water
2 Pump Type (Wemco Torque Flow, eg.): Vertical Turbine
3 Number of Pumps:

Duty; 2
Standby: 1

4 Flow Data:

Max Q for Pump System 520 gpm
Max TDH for Pump System 391.22 ft (read from Max System Curve)

Operating Point at Max TDH  (Use for preliminary pump selection):
260 gpm, Q  (Note: Q = Max Q for Pump System/No. of Duty Pumps)

391.22 ft, TDH (Note: TDH = Max TDH for Pump System)
Design Operating Point:

520 gpm 1.16 cfs
391.22 ft, TDH  (read from table below)

Maximum Operating Point (Max Q, where pump curve intersects Minimum Pump Curve)
485 gpm

339.92 ft, TDH  (read from graph below)
Minimum Operating Point (Min Q, Max TDH)

480 gpm
340.14 ft, TDH  (read from graph below)

Shutoff Head (Zero Flow)
438 ft, TDH  (read from graph below)

Max Influent Pump Station Flow
485 gpm 1.08 cfs

5 Type of Drive (constant speed or variable drive); Constant Speed
6 Minimum Drive Horsepower: 40
7 Minimum Pump Efficiency at Design Operation Point: 75
8 Net Positive Suction Head:

NPSHA (available), calculated from below: 25.68 ft how does self-priming affect NPSHA?
NPSHR (required) at Maximum Flow (where pump curve intersects Minimum System Curve), not more than: 15 ft

9 Maximum Speed: rpm
10 Suction Gauge Range: 30" Hg to 15 psi 34.65 ft
11 Discharge Gauge Range: 0 to 60 psi 138.6 ft

* Gauge pressure = 0 if tank open to atmosphere

B. TOTAL DYNAMIC HEAD 
One Pump
Static Conditions

1 Suction Wetwell
Min Elev. 1250.00
Max Elev. 1260.00

2 Discharge Wetwell Headworks
Min Elev. 1300.00
Max Elev. 1300.00

3 50.00 ft, Max Hs

4 40.00 ft, Min Hs

5 Pump Elev. 1248.00
Minor Losses for Suction Piping

DiameterBase 6 DiameterBase 6

Fitting Type K Quantity Kt Fitting Type K Quantity Kt

22.5 deg 0.075 2 0.15 22.5 deg 0.075
45 deg 0.180 2 0.36 45 deg 0.180
90 deg std. radius 0.250 2 0.5 90 deg std. radius 0.250
90 deg long radius 0.180 90 deg long radius 0.180
Tee in-line 0.300 1 0.3 Tee in-line 0.300
Tee branch 0.750 Tee branch 0.750
Cross in-line 0.500 Cross in-line 0.500
Cross branch 0.750 Cross branch 0.750
Wye-45 deg 0.500 Wye-45 deg 0.500
Reducer 0.030 Reducer 0.030
Meter 0.300 Meter 0.300
Ball Valve 0.040 Ball Valve 0.040
BFV-25 lb Class 0.160 BFV-25 lb Class 0.160
BFV-75 lb Class 0.270 BFV-75 lb Class 0.270
BFV-150 lb Class 0.350 BFV-150 lb Class 0.350
Check valve 2.200 Check valve 2.200
Globe Valve 6.000 Globe Valve 6.000
Plug Valve 1.000 1 1 Plug Valve 1.000
Pipe Inlet 0.500 1 0.5 Pipe Inlet 0.500
Pipe Outlet 1.000 Pipe Outlet 1.000
Inline Grinder 6.927 Inline Grinder 6.927

Total KT1 2.81 ft Total KT1 0 ft
Friction Losses for Suction Piping

Hazen-Williams Hazen-Williams

Length (ft) Cmin system curve Cmax system curve Length (ft)
Cmin system 

curve

Cmax system 

curve

150 120 120 120 120

Minor Losses for Discharge Piping
DiameterBase 6 DiameterBase 6

Fitting Type K Quantity Kt Fitting Type K Quantity Kt

22.5 deg 0.075 22.5 deg 0.075
45 deg 0.180 45 deg 0.180
90 deg std. radius 0.250 2 0.5 90 deg std. radius 0.250
90 deg long radius 0.180 90 deg long radius 0.180
Tee in-line 0.300 1 0.3 Tee in-line 0.300
Tee branch 0.750 Tee branch 0.750
Cross in-line 0.500 Cross in-line 0.500
Cross branch 0.750 Cross branch 0.750
Wye-45 deg 0.500 Wye-45 deg 0.500
Reducer 0.030 Reducer 0.030
Meter 0.300 1 0.3 Meter 0.300
Ball Valve 0.040 Ball Valve 0.040
BFV-25 lb Class 0.160 BFV-25 lb Class 0.160
BFV-75 lb Class 0.270 BFV-75 lb Class 0.270
BFV-150 lb Class 0.350 BFV-150 lb Class 0.350
Check valve 2.200 1 2.2 Check valve 2.200
Globe Valve 6.000 Globe Valve 6.000
Plug Valve 1.000 1 1 Plug Valve 1.000
Pipe Outlet 1.000 Pipe Outlet 1.000

Total KT2 4.3 ft Total KT2 0 ft
Friction Losses for Discharge Piping
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Hazen-Williams Hazen-Williams

Length (ft) Cmin system curve Cmax system curve Length (ft)
Cmin system 

curve

Cmax system 

curve

20 120 120 120 120

Minor Losses for Yard Piping
DiameterBase 6 DiameterBase 6
Fitting Type K Quantity Kt Fitting Type K Quantity Kt

22.5 deg 0.075 6 0.45 22.5 deg 0.075 10 0.75
45 deg 0.180 5 0.9 45 deg 0.180 4 0.72
90 deg std. radius 0.250 3 0.75 90 deg std. radius 0.250 8 2
90 deg long radius 0.180 90 deg long radius 0.180
Tee in-line 0.300 Tee in-line 0.300
Tee branch 0.750 Tee branch 0.750
Cross in-line 0.500 Cross in-line 0.500
Cross branch 0.750 Cross branch 0.750
Wye-45 deg 0.500 Wye-45 deg 0.500
Reducer 0.030 Reducer 0.030
Meter 0.300 Meter 0.300
Ball Valve 0.040 Ball Valve 0.040
BFV-25 lb Class 0.160 BFV-25 lb Class 0.160
BFV-75 lb Class 0.270 BFV-75 lb Class 0.270
BFV-150 lb Class 0.350 BFV-150 lb Class 0.350
Check valve 2.200 Check valve 2.200
Globe Valve 6.000 Globe Valve 6.000
Plug Valve 1.000 Plug Valve 1.000 1 1
Pipe Outlet 1.000 Gate Valve 0.200

Pipe Outlet 1.000 1 1

Total KT3 2.1 ft Total KT3 5.47 ft

DiameterBase 6 DiameterBase 6

Fitting Type K Quantity Kt Fitting Type K Quantity Kt

22.5 deg 0.075 22.5 deg 0.075
45 deg 0.180 45 deg 0.180
90 deg std. radius 0.250 90 deg std. radius 0.250
90 deg long radius 0.180 90 deg long radius 0.180
Tee in-line 0.300 Tee in-line 0.300
Tee branch 0.750 Tee branch 0.750
Cross in-line 0.500 Cross in-line 0.500
Cross branch 0.750 Cross branch 0.750
Wye-45 deg 0.500 Wye-45 deg 0.500
Reducer 0.030 Reducer 0.030
Meter 0.300 Meter 0.300
Ball Valve 0.040 Ball Valve 0.040
BFV-25 lb Class 0.160 BFV-25 lb Class 0.160
BFV-75 lb Class 0.270 BFV-75 lb Class 0.270

1 Gate valve BFV-150 lb Class 0.350 BFV-150 lb Class 0.350
Check valve 2.200 Check valve 2.200
Globe Valve 6.000 Globe Valve 6.000

1 Pig catcher Plug Valve 1.000 Plug Valve 1.000
Pipe Outlet 1.000 Pipe Outlet 1.000

Total KT3 0 ft Total KT3 0 ft

Friction Losses for Yard Piping
Hazen-Williams Hazen-Williams

Flow Length (ft) Cmin system curve Cmax system curve Flow Length (ft)
Cmin system 

curve

Cmax system 

curve

5940 120 120 120 120
7260 120 120

120 120
C. PUMP/SYSTEM CURVE DATA

1 Pump Curve
Pump Manufacturer
Model

Flow (gpm) Flow (ft3/s)
Factory   1- Pump 

Head (ft)
Modified   1- Pump 

Head (ft) Flow (gpm) Flow (ft3/s)
Factory 2-Pump 

Head (ft)

Modified  
2- Pump 
Head (ft)

0 0.00 438 438.00 0 0.00 438 438.00
20 0.04 440 439.98 40 0.09 440 439.98
40 0.09 443 442.94 80 0.18 443 442.94
60 0.13 445 444.87 120 0.27 445 444.87
80 0.18 445 444.77 160 0.36 445 444.77
100 0.22 443 442.65 200 0.45 443 442.65
120 0.27 438 437.51 240 0.53 438 437.51
140 0.31 430 429.34 280 0.62 430 429.34
160 0.36 420 419.15 320 0.71 420 419.15
180 0.40 405 403.93 360 0.80 405 403.93
200 0.45 385 383.69 400 0.89 385 383.69
220 0.49 365 363.43 440 0.98 365 363.43
240 0.53 342 340.14 480 1.07 342 340.14
260 0.58 318 315.83 520 1.16 318 315.83
280 0.62 290 287.50 560 1.25 290 287.50

2 Minimum System Curve NOTE: Friction and Minor headloss equation modified to accommodate numerous diameters in yard piping.  Influent PS Q not included.

Flow (gpm) Flow (ft3/s) Hs,min (ft)
Friction 
Hf,min (ft) Minor Hm (ft) TDH (ft)

0 0.00 84 0.00 0.00 84.00
25 0.06 84 0.55 0.01 84.56
50 0.11 84 1.99 0.04 86.03
75 0.17 84 4.22 0.09 88.30

100 0.22 84 7.18 0.15 91.34
125 0.28 84 10.86 0.24 95.09
150 0.33 84 15.21 0.34 99.55
175 0.39 84 20.23 0.46 104.69
200 0.45 84 25.90 0.61 110.51
225 0.50 84 32.21 0.77 116.97
250 0.56 40 86.97 0.95 127.92
275 0.61 40 103.74 1.14 144.89
300 0.67 40 121.86 1.36 163.22
325 0.72 40 141.31 1.60 182.91
350 0.78 40 162.08 1.85 203.93
375 0.84 40 184.14 2.13 226.27
400 0.89 40 207.49 2.42 249.91
425 0.95 40 232.12 2.73 274.85
450 1.00 40 258.01 3.07 301.07
475 1.06 40 285.15 3.42 328.57
500 1.11 40 313.54 3.78 357.32
525 1.17 40 343.15 4.17 387.32

Grundfos
MPC-S-2CR45-4, 60 Hz, 40 Hp
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550 1.23 40 373.99 4.58 418.57
575 1.28 40 406.05 5.00 451.05
600 1.34 40 439.31 5.45 484.76
625 1.39 40 473.77 5.91 519.69
650 1.45 40 509.43 6.40 555.82
675 1.50 40 546.27 6.90 593.16
700 1.56 40 584.28 7.42 631.70
725 1.62 40 623.47 7.96 671.43
750 1.67 40 663.83 8.51 712.34

*If rows are added adjust System Curve Chart
hf=10.44*L(ft)*Q1.85(gpm)/C1.85*D4.87(inches)
hm = Kv2/2g

3 Maximum System Curve NOTE: Friction and Minor headloss equation modified to accommodate numerous diameters in yard piping & Max Influent PS Q.

Flow (gpm) Flow (ft3/s) Hs,max (ft)
Friction 
Hf,max (ft) Minor Hm (ft) TDH (ft)

0 0.00 94 0.00 0.00 94.00
25 0.06 94 0.55 0.01 94.56
50 0.11 94 1.99 0.04 96.03
75 0.17 94 4.22 0.09 98.30

100 0.22 94 7.18 0.15 101.34
125 0.28 94 10.86 0.24 105.09
150 0.33 94 15.21 0.34 109.55
175 0.39 94 20.23 0.46 114.69
200 0.45 94 25.90 0.61 120.51
225 0.50 94 32.21 0.77 126.97
250 0.56 50 86.97 0.95 137.92
275 0.61 50 103.74 1.14 154.89
300 0.67 50 121.86 1.36 173.22
325 0.72 50 141.31 1.60 192.91
350 0.78 50 162.08 1.85 213.93
375 0.84 50 184.14 2.13 236.27
400 0.89 50 207.49 2.42 259.91
425 0.95 50 232.12 2.73 284.85
450 1.00 50 258.01 3.07 311.07
475 1.06 50 285.15 3.42 338.57
500 1.11 50 313.54 3.78 367.32
525 1.17 50 343.15 4.17 397.32
550 1.23 50 373.99 4.58 428.57
575 1.28 50 406.05 5.00 461.05
600 1.34 50 439.31 5.45 494.76
625 1.39 50 473.77 5.91 529.69
650 1.45 50 509.43 6.40 565.82
675 1.50 50 546.27 6.90 603.16
700 1.56 50 584.28 7.42 641.70
725 1.62 50 623.47 7.96 681.43
750 1.67 50 663.83 8.51 722.34

*If rows are added adjust System Curve Chart

D.  NET POSITIVE SUCTION HEAD (NPSH)

NPSHAmax

NPSHA = atmospheric pressure (converted to head)
- vapor pressure of liquid
+ static head (suction side)
 - friction/minor losses on suction side
+ safety factor

Atmospheric Pressure (sea level) = 33.96 ft
Vapor Pressure (60 deg F) = - 0.59 ft
Static Head = + 2.00 ft
Suction Friction Losses (at Max Q)= - 3.37 ft    
Suction Minor Losses (at Max Q) = - 1.32 ft   
Safety Factor = - 5.00 ft

NPSHA = 25.68
NPSHR = 15
NPSHA > NPSHR TRUE
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Pump Curve/System Head (C=140)
Grundfos, MPC-5-2CR45-4, 60 Hz, 40 Hp
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A B C D E F G H I J K L M N
PUMP DESIGN CALCULATION

PROJECT NAME: South Village Phase II Expansion
CLIENT: Valley Center Municipal Water District
EQUIPMENT TAG NO(S):

Project No. 0587132.00 Denotes input required by designer
Calculated from spreadsheet

A. GENERAL INFORMATION

1 Pump Service (Primary Grit, eg.):  Recycled Water
2 Pump Type (Wemco Torque Flow, eg.): Vertical Turbine
3 Number of Pumps:

Duty; 2
Standby: 1

4 Flow Data:

Max Q for Pump System 520 gpm
Max TDH for Pump System 307.58 ft (read from Max System Curve)

Operating Point at Max TDH  (Use for preliminary pump selection):
260 gpm, Q  (Note: Q = Max Q for Pump System/No. of Duty Pumps)

307.58 ft, TDH (Note: TDH = Max TDH for Pump System)
Design Operating Point:

520 gpm 1.16 cfs
307.58 ft, TDH  (read from table below)

Maximum Operating Point (Max Q, where pump curve intersects Minimum Pump Curve)
535 gpm

311.51 ft, TDH  (read from graph below)
Minimum Operating Point (Min Q, Max TDH)

525 gpm
312.18 ft, TDH  (read from graph below)

Shutoff Head (Zero Flow)
438 ft, TDH  (read from graph below)

Max Influent Pump Station Flow
535 gpm 1.19 cfs

5 Type of Drive (constant speed or variable drive); Constant Speed
6 Minimum Drive Horsepower: 40
7 Minimum Pump Efficiency at Design Operation Point: 75
8 Net Positive Suction Head:

NPSHA (available), calculated from below: 25.73 ft how does self-priming affect NPSHA?
NPSHR (required) at Maximum Flow (where pump curve intersects Minimum System Curve), not more than: 15 ft

9 Maximum Speed: rpm
10 Suction Gauge Range: 30" Hg to 15 psi 34.65 ft
11 Discharge Gauge Range: 0 to 60 psi 138.6 ft

* Gauge pressure = 0 if tank open to atmosphere

B. TOTAL DYNAMIC HEAD 
One Pump
Static Conditions

1 Suction Wetwell
Min Elev. 1250.00
Max Elev. 1260.00

2 Discharge Wetwell Headworks
Min Elev. 1300.00
Max Elev. 1300.00

3 50.00 ft, Max Hs

4 40.00 ft, Min Hs

5 Pump Elev. 1248.00
Minor Losses for Suction Piping

DiameterBase 6 DiameterBase 6

Fitting Type K Quantity Kt Fitting Type K Quantity Kt

22.5 deg 0.075 2 0.15 22.5 deg 0.075
45 deg 0.180 2 0.36 45 deg 0.180
90 deg std. radius 0.250 2 0.5 90 deg std. radius 0.250
90 deg long radius 0.180 90 deg long radius 0.180
Tee in-line 0.300 1 0.3 Tee in-line 0.300
Tee branch 0.750 Tee branch 0.750
Cross in-line 0.500 Cross in-line 0.500
Cross branch 0.750 Cross branch 0.750
Wye-45 deg 0.500 Wye-45 deg 0.500
Reducer 0.030 Reducer 0.030
Meter 0.300 Meter 0.300
Ball Valve 0.040 Ball Valve 0.040
BFV-25 lb Class 0.160 BFV-25 lb Class 0.160
BFV-75 lb Class 0.270 BFV-75 lb Class 0.270
BFV-150 lb Class 0.350 BFV-150 lb Class 0.350
Check valve 2.200 Check valve 2.200
Globe Valve 6.000 Globe Valve 6.000
Plug Valve 1.000 1 1 Plug Valve 1.000
Pipe Inlet 0.500 1 0.5 Pipe Inlet 0.500
Pipe Outlet 1.000 Pipe Outlet 1.000
Inline Grinder 6.927 Inline Grinder 6.927

Total KT1 2.81 ft Total KT1 0 ft
Friction Losses for Suction Piping

Hazen-Williams Hazen-Williams

Length (ft) Cmin system curve Cmax system curve Length (ft)
Cmin system 

curve

Cmax system 

curve

150 140 140 140 140

Minor Losses for Discharge Piping
DiameterBase 6 DiameterBase 6

Fitting Type K Quantity Kt Fitting Type K Quantity Kt

22.5 deg 0.075 22.5 deg 0.075
45 deg 0.180 45 deg 0.180
90 deg std. radius 0.250 2 0.5 90 deg std. radius 0.250
90 deg long radius 0.180 90 deg long radius 0.180
Tee in-line 0.300 1 0.3 Tee in-line 0.300
Tee branch 0.750 Tee branch 0.750
Cross in-line 0.500 Cross in-line 0.500
Cross branch 0.750 Cross branch 0.750
Wye-45 deg 0.500 Wye-45 deg 0.500
Reducer 0.030 Reducer 0.030
Meter 0.300 1 0.3 Meter 0.300
Ball Valve 0.040 Ball Valve 0.040
BFV-25 lb Class 0.160 BFV-25 lb Class 0.160
BFV-75 lb Class 0.270 BFV-75 lb Class 0.270
BFV-150 lb Class 0.350 BFV-150 lb Class 0.350
Check valve 2.200 1 2.2 Check valve 2.200
Globe Valve 6.000 Globe Valve 6.000
Plug Valve 1.000 1 1 Plug Valve 1.000
Pipe Outlet 1.000 Pipe Outlet 1.000

Total KT2 4.3 ft Total KT2 0 ft
Friction Losses for Discharge Piping
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Hazen-Williams Hazen-Williams

Length (ft) Cmin system curve Cmax system curve Length (ft)
Cmin system 

curve

Cmax system 

curve

20 140 140 140 140

Minor Losses for Yard Piping
DiameterBase 6 DiameterBase 6
Fitting Type K Quantity Kt Fitting Type K Quantity Kt

22.5 deg 0.075 6 0.45 22.5 deg 0.075 10 0.75
45 deg 0.180 5 0.9 45 deg 0.180 4 0.72
90 deg std. radius 0.250 3 0.75 90 deg std. radius 0.250 8 2
90 deg long radius 0.180 90 deg long radius 0.180
Tee in-line 0.300 Tee in-line 0.300
Tee branch 0.750 Tee branch 0.750
Cross in-line 0.500 Cross in-line 0.500
Cross branch 0.750 Cross branch 0.750
Wye-45 deg 0.500 Wye-45 deg 0.500
Reducer 0.030 Reducer 0.030
Meter 0.300 Meter 0.300
Ball Valve 0.040 Ball Valve 0.040
BFV-25 lb Class 0.160 BFV-25 lb Class 0.160
BFV-75 lb Class 0.270 BFV-75 lb Class 0.270
BFV-150 lb Class 0.350 BFV-150 lb Class 0.350
Check valve 2.200 Check valve 2.200
Globe Valve 6.000 Globe Valve 6.000
Plug Valve 1.000 Plug Valve 1.000 1 1
Pipe Outlet 1.000 Gate Valve 0.200

Pipe Outlet 1.000 1 1

Total KT3 2.1 ft Total KT3 5.47 ft

DiameterBase 6 DiameterBase 6

Fitting Type K Quantity Kt Fitting Type K Quantity Kt

22.5 deg 0.075 22.5 deg 0.075
45 deg 0.180 45 deg 0.180
90 deg std. radius 0.250 90 deg std. radius 0.250
90 deg long radius 0.180 90 deg long radius 0.180
Tee in-line 0.300 Tee in-line 0.300
Tee branch 0.750 Tee branch 0.750
Cross in-line 0.500 Cross in-line 0.500
Cross branch 0.750 Cross branch 0.750
Wye-45 deg 0.500 Wye-45 deg 0.500
Reducer 0.030 Reducer 0.030
Meter 0.300 Meter 0.300
Ball Valve 0.040 Ball Valve 0.040
BFV-25 lb Class 0.160 BFV-25 lb Class 0.160
BFV-75 lb Class 0.270 BFV-75 lb Class 0.270

1 Gate valve BFV-150 lb Class 0.350 BFV-150 lb Class 0.350
Check valve 2.200 Check valve 2.200
Globe Valve 6.000 Globe Valve 6.000

1 Pig catcher Plug Valve 1.000 Plug Valve 1.000
Pipe Outlet 1.000 Pipe Outlet 1.000

Total KT3 0 ft Total KT3 0 ft

Friction Losses for Yard Piping
Hazen-Williams Hazen-Williams

Flow Length (ft) Cmin system curve Cmax system curve Flow Length (ft)
Cmin system 

curve

Cmax system 

curve

5940 140 140 140 140
7260 140 140

140 140
C. PUMP/SYSTEM CURVE DATA

1 Pump Curve
Pump Manufacturer
Model

Flow (gpm) Flow (ft3/s)
Factory   1- Pump 

Head (ft)
Modified   1- Pump 

Head (ft) Flow (gpm) Flow (ft3/s)
Factory 2-Pump 

Head (ft)

Modified  
2- Pump 
Head (ft)

0 0.00 438 438.00 0 0.00 438 438.00
20 0.04 440 439.99 40 0.09 440 439.99
40 0.09 443 442.95 80 0.18 443 442.95
60 0.13 445 444.89 120 0.27 445 444.89
80 0.18 445 444.81 160 0.36 445 444.81
100 0.22 443 442.70 200 0.45 443 442.70
120 0.27 438 437.58 240 0.53 438 437.58
140 0.31 430 429.43 280 0.62 430 429.43
160 0.36 420 419.27 320 0.71 420 419.27
180 0.40 405 404.08 360 0.80 405 404.08
200 0.45 385 383.87 400 0.89 385 383.87
220 0.49 365 363.65 440 0.98 365 363.65
240 0.53 342 340.40 480 1.07 342 340.40
260 0.58 318 316.13 520 1.16 318 316.13
280 0.62 290 287.85 560 1.25 290 287.85

2 Minimum System Curve NOTE: Friction and Minor headloss equation modified to accommodate numerous diameters in yard piping.  Influent PS Q not included.

Flow (gpm) Flow (ft3/s) Hs,min (ft)
Friction 
Hf,min (ft) Minor Hm (ft) TDH (ft)

0 0.00 84 0.00 0.00 84.00
25 0.06 84 0.42 0.01 84.43
50 0.11 84 1.50 0.04 85.54
75 0.17 84 3.17 0.09 87.26

100 0.22 84 5.40 0.15 89.55
125 0.28 84 8.16 0.24 92.40
150 0.33 84 11.44 0.34 95.78
175 0.39 84 15.21 0.46 99.68
200 0.45 84 19.47 0.61 104.08
225 0.50 84 24.22 0.77 108.98
250 0.56 84 29.43 0.95 114.37
275 0.61 84 35.10 1.14 120.25
300 0.67 40 91.63 1.36 132.99
325 0.72 40 106.25 1.60 147.85
350 0.78 40 121.86 1.85 163.72
375 0.84 40 138.45 2.13 180.58
400 0.89 40 156.01 2.42 198.43
425 0.95 40 174.53 2.73 217.26
450 1.00 40 193.99 3.07 237.06
475 1.06 40 214.40 3.42 257.82
500 1.11 40 235.74 3.78 279.53
525 1.17 40 258.01 4.17 302.18

Grundfos
MPC-S-2CR45-4, 60 Hz, 40 Hp
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228
229
230
231
232
233
234
235
236
237
238
239
240
241
242

243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296

A B C D E F G H I J K L M N
550 1.23 40 281.20 4.58 325.78
575 1.28 40 305.30 5.00 350.30
600 1.34 40 330.31 5.45 375.76
625 1.39 40 356.22 5.91 402.13
650 1.45 40 383.03 6.40 429.42
675 1.50 40 410.73 6.90 457.62
700 1.56 40 439.31 7.42 486.73
725 1.62 40 468.78 7.96 516.73
750 1.67 40 499.12 8.51 547.63

*If rows are added adjust System Curve Chart
hf=10.44*L(ft)*Q1.85(gpm)/C1.85*D4.87(inches)
hm = Kv2/2g

3 Maximum System Curve NOTE: Friction and Minor headloss equation modified to accommodate numerous diameters in yard piping & Max Influent PS Q.

Flow (gpm) Flow (ft3/s) Hs,max (ft)
Friction 
Hf,max (ft) Minor Hm (ft) TDH (ft)

0 0.00 94 0.00 0.00 94.00
25 0.06 94 0.42 0.01 94.43
50 0.11 94 1.50 0.04 95.54
75 0.17 94 3.17 0.09 97.26

100 0.22 94 5.40 0.15 99.55
125 0.28 94 8.16 0.24 102.40
150 0.33 94 11.44 0.34 105.78
175 0.39 94 15.21 0.46 109.68
200 0.45 94 19.47 0.61 114.08
225 0.50 94 24.22 0.77 118.98
250 0.56 94 29.43 0.95 124.37
275 0.61 94 35.10 1.14 130.25
300 0.67 50 91.63 1.36 142.99
325 0.72 50 106.25 1.60 157.85
350 0.78 50 121.86 1.85 173.72
375 0.84 50 138.45 2.13 190.58
400 0.89 50 156.01 2.42 208.43
425 0.95 50 174.53 2.73 227.26
450 1.00 50 193.99 3.07 247.06
475 1.06 50 214.40 3.42 267.82
500 1.11 50 235.74 3.78 289.53
525 1.17 50 258.01 4.17 312.18
550 1.23 50 281.20 4.58 335.78
575 1.28 50 305.30 5.00 360.30
600 1.34 50 330.31 5.45 385.76
625 1.39 50 356.22 5.91 412.13
650 1.45 50 383.03 6.40 439.42
675 1.50 50 410.73 6.90 467.62
700 1.56 50 439.31 7.42 496.73
725 1.62 50 468.78 7.96 526.73
750 1.67 50 499.12 8.51 557.63

*If rows are added adjust System Curve Chart

D.  NET POSITIVE SUCTION HEAD (NPSH)

NPSHAmax

NPSHA = atmospheric pressure (converted to head)
- vapor pressure of liquid
+ static head (suction side)
 - friction/minor losses on suction side
+ safety factor

Atmospheric Pressure (sea level) = 33.96 ft
Vapor Pressure (60 deg F) = - 0.59 ft
Static Head = + 2.00 ft
Suction Friction Losses (at Max Q)= - 3.04 ft    
Suction Minor Losses (at Max Q) = - 1.61 ft   
Safety Factor = - 5.00 ft

NPSHA = 25.73
NPSHR = 15
NPSHA > NPSHR TRUE
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Appendix B 

Technical Memorandum WVRWRF Expansion and Modifications 




