
Chapter 8 

FUTURE SYSTEM ANALYSIS 

This chapter presents the results of the evaluation of the West Basin Municipal Water 
District’s (West Basin) distribution systems and facilities under the projected future demand 
conditions. This section is divided into five parts. First the future system analysis approach 
is discussed in Section 8.1, followed by the analysis of the ten different distribution systems 
in Section 8.2.  

The hydraulic models were used to analyze the future distribution systems under future 
system demand conditions to determine any deficiencies according to the planning and 
evaluation criteria and conditions outlined in Chapter 5. Thirdly, the future treatment system 
expansion and upgrade needs were evaluated under the future demand conditions using a 
customized treatment model called OPTIMO™. The findings of this analysis are presented 
in Section 8.3, while Section 8.4 presents the alternative supply analyses conducted, that 
evaluates options to use future supplies from another source. Any deficiencies found are 
discussed and recommendations are made to mitigate the deficiencies. A summary of 
recommendations required to meet future demands are listed in Section 8.5. 

8.1 FUTURE SYSTEM ANALYSIS APPROACH 
To analyze the future system, seven scenarios were created based on different 
combinations of potential recycled water customer demands. The average demand 
conditions associated with each scenario are presented in Table 8.1.  

The existing recycled water demand of 31,860 acre-feet per year (afy) and the future non-
Title 22 growth demand of 6,854 afy demand were included in all seven scenarios.  All 
future direct Title 22 customer demands (those being served directly from the Title 22 
distribution system = 6,468 afy) were also included in every scenario to maintain 
conservative planning. The sum of these demands, 45,182 afy, makes up the average 
annual demand for Scenario 1.   

In addition, eight (8) potential customers were identified separately due to their large 
demands, which make them critical components in terms of evaluating the existing 
capabilities of the Hyperion Secondary Effluent Pump Station (HSEPS) and the Title 22 
System, and the needed improvements for serving the future demands.  These eight 
customers were ranked based on  the likelihood of being served with recycled water in the 
future. This likelihood ranges  from 90 percent to 10 percent.  The customers with the 
highest likelihood were added first incrementally.  Scenario 2 adds bp Carson Refinery 
(Amoco) industrial RO demand of 5,980 afy to the Scenario 1 demands (total average 
demand of 51,162 afy), while Scenario 3 adds the LADWP Harbor nitrified water demand of 
9,300 afy to the Scenario 1 demands (total average demand of 54,482 afy).  
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Table 8.1 Future System Analysis Scenarios 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Customer Name ID(1)

Average 
Annual 

Demand
 (afy(2)) Likelihood 

Scenario 
1 

 (afy) 

Scenario 
2 

 (afy) 

Scenario 
3 

 (afy) 

Scenario 
4 

 (afy) 

Scenario 
5 

 (afy) 

Scenario 
6 

 (afy) 

Scenario 
7 

 (afy) 
Direct Title 22 Customers(3) - 6,468 - 6,468 6,468 6,468 6,468 6,468 6,468 6,468 
bp Carson Refinery (Amoco(4)) 
– Industrial RO 

P5 5,980 90% 5,980 5,980 5,980 5,980 5,980 

LADWP Harbor – Nitrified P6A 9,300 90% 9,300 9,300 9,300 9,300 9,300 
bp Carson Refinery (Watson 
Cogeneration(4)) – Nitrified 

P8 7,111 90%  7,111 7,111 7,111 

Dominguez Gap Barrier P9A 2,000 30%  2,000 2,000 
LADWP Harbor (Expansion) – 
Nitrified 

P6B 5,700 10%  5,700 5,700 

Dominguez Gap Barrier 
(Expansion) 

P9B 1,500 30%  1,500 1,500 

LADWP Westside P100 4,000 30%   4,000 
Kenneth Hahn State Park P117 1,500 30%   1,500 

Total Scenario Growth 6,468 12,448 15,768 21,748 28,859 38,059 43,559 

Existing Demand (includes CNF, EMWRF, and CRWRF) 31,860 31,860 31,860 31,860 31,860 31,860 31,860 

Non-Title 22 Growth (includes West Coast Barrier, LPBF, HPBF) 6,854 6,854 6,854   6,854 6,854   6,854 6,854 

Total Projected Delivery (afy(2)) 45,182 51,162 54,482 60,462 67,573 76,773 82,273 
Notes: 
(1) Detailed customer information can be found in Customer Database, listed by ID, in Appendix C. 
(2) afy = acre-feet per year 
(3) Includes demands for Title 22 customers, CNF as well as Customer P12A, Rhodia, which is planned to be served Nitrified water directly from 

CRWRF. 
(4) Demands for the bp Carson Refinery include expansion of existing service as well as the new demands for Amoco and the Watson Cogeneration. 

The P5 demand will be treated to Industrial RO Ultra quality on site at bp; the concentrate from this treatment process will be delivered to the bp 
Nitrified Water System to satisfy a portion of the demand required by P8. 
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Scenario 4 includes both the bp Carson Refinery (Amoco) and the LADWP Harbor 
demands (total average demand of 60,462 afy).  Scenario 5 adds the bp Carson Refinery 
(Watson Cogeneration) nitrified water demand of 7,111 afy, resulting in a total average 
demand of 67,573 afy, which includes all customers with a likelihood of 90 percent. The 
less likely customers were included in Scenarios 6 and 7. 

Water for the bp Carson Refinery and Dominguez Gap would most likely be treated at or 
somewhere in the vicinity of Carson Regional Water Recycling Facility (CRWRF). The 
increase in demand for these treatment processes would require additional Title 22 water, 
which would impact the operation of the existing Title 22 distribution system. A significant 
supply to these customers would possibly necessitate major pipeline and pump station 
upgrade projects. The likelihood of service for these customers is based on the following 
considerations: 

• The customer demands that are part of the CRWRF expansion, which is currently in 
feasibility study, are assumed to have a likelihood of 90 percent. These are the  
bp Carson Refinery Nitrified Water expansion (P8), the LADWP Harbor Nitrified Water 
Project (P6A), and the bp Carson Refinery Industrial RO expansion (P5). 

• The Dominguez Gap Barrier (P9A) was listed in the customer database as having a 
relatively low likelihood of 30 percent, because this customer is already being served 
from LADWP’s Terminal Island Plant in combination with blending imported water 
from Metropolitan Water District of Southern California (MWDSC). In addition, the 
Dominguez Gap Barrier could potentially be served from a future Los Angeles County 
Sanitation District (LACSD) plant. 

• The expansion of the LADWP Harbor Nitrified Water Project (P6B) was listed in the 
customer database as having a low likelihood of 10 percent, based on West Basin 
staff knowledge. 

• The expansion of the Dominguez Gap Barrier (P9B) is listed as 30 percent likelihood, 
similar to the likelihood of the first phase of the Dominguez Gap Barrier. This demand 
assumes that West Basin would serve the expansion of the LADWP Harbor Nitrified 
Water Project, which would reduce groundwater pumping in the area. 

• The LADWP Westside (P100) demand is not considered likely, since the City of Los 
Angeles Recycled Water Master Plan (CH:CDM 2006) recommended LADWP 
prioritize recycled water systems in the San Fernando and Harbor portions before 
recycled water deliveries to the Central City and Westside. This study estimates 
higher construction cost in the Westside due to the longer distance to anchor 
customers, such as the UCLA campus and the Getty Museum (approximately 
12 miles from the end of the Inglewood lateral). As such, this demand was only 
included in Scenario 7. 
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• The Kenneth Hahn State Park (P117) demand will only occur if the LADWP Westside 
demand is implemented because it will utilize the same distribution pipes. It is 
therefore only included in Scenario 7. 

Some significant factors in determining the feasibility of serving customers in each of the 
scenarios mentioned above include: 

• The capacity of the existing 60-inch diameter Hyperion Secondary Effluent Force 
Main is exceeded between Scenarios 5 and 6. Detailed recommendations to 
accommodate the additional flow in Scenarios 6 and 7 are discussed in the future 
system analysis for the Hyperion Secondary Effluent Pumping System  
(Section 8.2.3). 

• The pressures along the existing 42-inch diameter Title 22 transmission main in the 
Carson area and at CRWRF cannot be maintained when demands are increased to 
the level of Scenario 4. Detailed recommendations to accommodate the additional 
flow in Scenarios 4 through 7 are discussed in the future system analysis for the  
Title 22 Distribution System (Section 8.2.1). 

Based on discussions with West Basin staff and the on-going financial plan project, it was 
decided to use Scenario 5 to phase the facilities for year 2020 to reach a demand of nearly 
70,000 afy, while Scenario 7 was used to identify the system improvements that would be 
required to serve the ultimate demand of nearly 82,300 afy. 

Alternative sources of supply may reduce the size of some of the required upgrades and 
improvements, reduce capital costs, and increase overall system reliability. These 
alternative sources of supply are discussed in detail in Section 8.4.1. 

8.2 HYDRAULIC DISTRIBUTION SYSTEM ANALYSES 

8.2.1 Title-22 Distribution System 

8.2.1.1 Criteria 

The general analysis criteria used to evaluate the future Title 22 Distribution System include 
the following: 

• Maximum headloss of 10 feet for each 1,000 feet of pipe length. 

• Velocities of 1 to 3 feet per second (fps) under normal operations, with maximum 
velocities of 7 fps and minimum velocities of 1 fps. 

• Minimum pressure of 65 pounds per square inch (psi) at the connection to the 
customer meter. 

• Surge pressures within 10 percent of the operating pressures. 

• Minimum chlorine residual of 2.5 mg/L. 
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Analysis criteria specific to the Title 22 Distribution System include: 

• Ability to deliver the peak hour demand for the selected scenario with the largest 
pump out of service. 

8.2.1.2 Analysis Conditions 

The future Title 22 distribution system includes most of the potential customers shown in 
Table 3.4, including the future demands anticipated at the Chevron Nitrification Facility 
(CNF), ExxonMobil Water Recycling Facility (EMWRF), and CRWRF. There were eight 
potential customers with large demands identified as critical components in terms of 
evaluating the existing capabilities of the Title 22 System and the needed improvements for 
serving the anticipated future demands. The details of these eight large potential customers 
are presented in Table 8.2. 

The demands for the first six customers listed in Table 8.2 will be served from the CRWRF. 
Title 22 water will be conveyed from ELWRF to CRWRF for further treatment, and the 
resulting product water will be pumped to the various customers. The bp Carson Refinery 
requested additional Industrial RO and Nitrified water. LADWP Harbor will require nitrified 
water. Dominguez Gap Barrier will require a quality of water proper for injection into the 
groundwater barrier. The City of Los Angeles’ Westside demand will be served through 
existing recycled water pipes that convey water north from ELWRF. 

Seven demand scenarios were evaluated as part of this CIMP project, considering the most 
likely combination of future demands. A summary of these seven scenarios is shown in 
Table 8.3. Scenario 5 includes the direct Title 22 customers and the three most likely (90 
percent likelihood) future large customers to come on-line by 2012. 

For analysis, Scenario 5 and Scenario 7 are further broken down into two separate 
scenarios. The first scenario (5A and 7A) assumes that all source water is provided from 
the City of Los Angeles’ Hyperion Wastewater Treatment Plant (HWWTP). The second 
scenario (5B and 7B) assumes that a secondary source of water is available at LACSD’s 
Joint Water Pollution Control Plant (JWPCP) in Carson. Under Scenarios 5B and 7B, future 
demands for the bp Carson Refinery and Dominguez Gap Barrier will be provided by water 
produced from secondary effluent retrieved at LACSD’s JWPCP. 
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Table 8.2 Customers with Large Future Demands 

Capital Implementation Master Plan 
West Basin Municipal Water District 

 Customer Name Customer ID 

WBMWD 
Facility to 

Serve 
Water to 

Customer Year

% Likely 
to be 

Served 

Seasonal 
Peaking 
Factor 

Average 
Annual 
Future 

Demand
(afy) 

Average 
Annual 
Future 

Demand 
(mgd) 

Maximum 
Month 
Future 

Demand(1)

(mgd) 
1 bp Carson Refinery (Amoco) – 

Industrial RO 
P5 CRWRF 2012 90% 1.3 5,980 5.3 6.9 

2 LADWP Harbor P6A-1 & P6A-2 CRWRF 2012 90% 1.4 9,300 8.3 11.6 
3 bp Carson Refinery (Watson 

Cogeneration) – Nitrified 
P8 CRWRF 2012 90% 1.3 7,111 6.3 8.3 

4 Dominguez Gap Barrier P9A CRWRF 2025 30% 1.0 2,000 1.8 1.8 
5 LADWP Harbor P6B CRWRF 2030 10% 1.4 5,700 5.1 7.1 
6 Dominguez Gap Barrier P9B CRWRF 2030 30% 1.0 1,500 1.3 1.3 
7 LA City Westside P100 ELWRF 2030 30% 2.5 4,000 3.6 8.9 
8 Kenneth Hahn State Park P117 ELWRF 2030 30% 2.5 1,500 1.3 3.3 
Notes:  
(1) Maximum Month Future Demand is Average Day Future Demand multiplied by Seasonal Peaking Factor (then converted from afy to mgd). 

 



 

Table 8.3 Title 22 Distribution System Future Demand Scenarios  
Capital Implementation Master Plan 
West Basin Municipal Water District 

Scenario Description 

Total 
Existing 
Average 
Demand 

(afy) 

Total 
Future 

Average 
Demand 
Added 
(afy)(1)  

Total 
Future 

Average 
Demand 

(afy) 

Total 
Future 

Average 
Supply(2) 

(afy) 

1 Existing Title 22 system demands + 
Future direct Title 22 demands 16,581 6,469 23,050 23,900 

2 
Existing Title 22 system demands + 

Future direct Title 22 demands + 
bp Carson Refinery (P5) 

16,581 12,449 29,030 30,935 

3 
Existing Title 22 system demands + 

Future direct Title 22 demands + 
LADWP Harbor (P6A-1 & P6A-2) 

16,581 15,769 32,350 33,200 

4 

Existing Title 22 system demands + 
Future direct Title 22 demands + 

bp Carson Refinery (P5) + LADWP 
Harbor (P6A-1 & P6A-2) 

16,581 21,749 38,330 40,235 

5 

Existing Title 22 system demands + 
Future direct Title 22 demands + 
bp Carson Refinery (P5 & P8) + 
LADWP Harbor (P6A-1 & P6A-2) 

16,581 28,860 45,441 47,346 

6 

Existing Title 22 system demands + 
Future direct Title 22 demands + 
bp Carson Refinery (P5 & P8) + 

LADWP Harbor (P6A-1 & P6A-2 & 
P6B) + Dominguez Gap Barrier 

(P9A & P9B) 

16,581 38,060 54,641 56,546 

7 

Existing Title 22 system demands + 
Future direct Title 22 demands + 
bp Carson Refinery (P5 & P8) + 

LADWP Harbor (P6A-1 & P6A-2 & 
P6B) + Dominguez Gap Barrier 

(P9A & P9B) + LA City Westside 
(P100) + Kenneth Hahn State Park 

(P117) 

16,581 43,560 60,141 62,046 

Notes:  
The additional water requirement is included in the hydraulic model for analysis. 
(1) Total Future Average Demand is equivalent to Total Scenario Growth on Table 8.1. Additional 

water required for recovery at EMWRF is 356 afy and at CRWRF is 494 afy. 
(2) Recovery at EMWRF and CRWRF is estimated at 85%. The supply estimates include the 

additional water required at EMWRF and CRWRF to produce the Industrial RO and Industrial RO 
Ultra water. Water loss at the CNF is assumed to be minimal and a 100% recovery ratio is 
assumed. 
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8.2.1.3 Analysis Results 

8.2.1.3.1 Distribution System 

West Basin identified the need for three new booster pump stations in previous studies. 
These are the Dyehouse Lateral Pump Station, the Palos Verdes Pump Station (Lateral 
6B), and the Anza Avenue Lateral Pump Station. A fourth pump station, referred to as the 
Inglewood/LA Westside Pump Station in this Master Plan, is necessary for Scenario 7A and 
7B, when the City of Los Angeles Westside and Kenneth Hahn State Park demands are 
added to the system. The Inglewood/LA Westside Pump Station will also be needed to 
boost pressures in the Inglewood area. 

The model was used to confirm the previously determined pump station capacities. The 
pump station details as planned are listed in Table 8.4. 

 

Table 8.4 Title 22 Future Booster Pump Stations 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Pump Station 
Name Location 

Total 
Capacity 

(gpm) 

Total 
Firm 

Capacity 
(gpm) 

Minimum Pump 
Recommendations(2)

Dyehouse Lateral 
Pump Station 

Victoria Street west 
of Central Avenue, 

City of Carson 
750 500 3 pumps at 250 gpm 

each 

Palos Verdes 
Pump Station 

Torrance Municipal 
Airport, City of 

Torrance 
4,000 3,000 4 pumps at 1,000 

gpm each 

Anza Avenue 
Lateral Pump 

Station 

Del Amo Boulevard 
west of Victor 
Street, City of 

Torrance 

1,650 1,100 3 pumps at 550 gpm 
each 

Inglewood / LA 
Westside Pump 

Station (1)

Doty Avenue at 
106th Street, City of 

Inglewood 
34,000 25,500 4 pumps at 8,500 

gpm each 

Notes:  
1) Inglewood / LA Westside Pump Station for Scenario 7A and 7B only. Pump Station is necessary 
when LA Westside demands (4000 AFY) and Kenneth Hahn State Park demand (1500 AFY) are 
added to the system. 
2) Individual pumps may need to have higher capacities to reach the total firm capacity desired. 
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If the discharge pressure at the Title 22 Pump Station located at ELWRF is increased to 
approximately 105 psi, the existing system is able to provide the future peak hour demands 
to most of the customers with adequate pressures. The model indicates a few areas, 
generally located at higher elevations where the static head is decreased and/or the 
distribution system piping is small, and therefore the maximum month demand peak hour 
pressures are less than the established criteria of 65 psi. Many of these areas still have 
pressures above 30 psi during the maximum month peak hour and it is therefore not 
recommended to take any action to increase the pressures further.  

Redondo Beach and West Torrance Area 

When future demands listed in Table 3.4 (Potential Customers) are added to the existing 
system, system pressures drop significantly in the area of Redondo Beach and West 
Torrance along Anita Street, Flagler Lane, and Prospect Avenue.  There is a highpoint in 
the system located in the vicinity of the Anita Street and Flagler Lane intersection (Node 
WB3-180: elevation ~185’).  This area is also located just upstream of the proposed Anza 
Avenue Pump Station (Node WB3-270: elevation ~105’).  Per the hydraulic model, this high 
point and the location of the inlet to the Anza Avenue Pump Station become critical points 
in terms of pressure.   

It is currently planned that Phase II of the Anza Lateral will only serve two of the customers  
that were originally anticipated.  These two customers are Calle Mayor Middle School (ADD 
= 5 afy) and South Torrance High School (ADD = 25 afy).  A total of 86 afy of demand from 
other customers along Phase II of the Anza Lateral has been eliminated from the demands 
listed in Table 3.4.  Under these conditions, the maximum month peak hour pressure at the 
highpoint (Node WB3-180) ranges from 8 psi for Scenario 7A to 32 psi for Scenario 1.  
Therefore, the existing system in the Redondo Beach and west Torrance Area is sufficient. 

If all customers listed in Table 3.4 were to be realized along Phase II of the Anza Lateral, 
additional improvements such as parallel piping in the system would be necessary to 
accommodate the increased demand of 116 afy versus the currently planned 30 afy.  

Dyehouse Lateral Pump Station Inlet and CRWRF 

Other critical points in the system include the location of the inlet to the proposed Dyehouse 
Lateral Pump Station (Node IIIA-220: elevation ~128’) and CRWRF (Node 42SS-200: 
elevation ~27’).  The maximum month peak hour pressures calculated for each scenario at 
these critical points are summarized in Table 8.5. 

Without further improvement to the distribution system between ELWRF and CRWRF, the 
hydraulic model indicates sufficient pressures in the system during the maximum month 
peak hour to accommodate Scenario 1, 2, 3, and 5B.  To provide sufficient peak hour 
pressures for the remaining scenarios, additional system improvements will be necessary. 
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Table 8.5 Pressures at Dyehouse PS and CRWRF 

Capital Implementation Master Plan 
West Basin Municipal Water District 

Scenario 
Pressure at Dyehouse PS(1) 

(psi) 
Pressure at CRWRF(2) 

(psi) 
105 1  62 
73 2 33 
74 3 34 
30 4 Negative 

Negative 5A Negative 
74 5B 34 

Negative 6 Negative 
Negative 7A Negative 

46 7B 8 
Notes:   
Title 22 Pump Station discharge pressure set at 105 psi for all scenarios. 
1) Model node IIIA-220 (elevation 128 ft  msl) 
2) Model node 42SS-300 (elevation 27 ft  msl) 

 

Gardena, Carson, and South Torrance Areas 

Maximum month peak hour pressures in the southeast portion of the Title 22 distribution 
system drop significantly (below 30 psi) in the City of Gardena, the City of Carson and the 
south portion of the City of Torrance for Scenarios 5A and 7A.  The 42-inch diameter 
pipeline between ELWRF and CRWRF would need to be paralleled to accommodate the 
demands required for these scenarios. Alternately, a booster pump station can be added to 
provide the needed pressures during the high demand periods.  

Chester Washington Golf Course 

The maximum month peak hour pressure at Chester Washington Golf Course drops below 
10 psi for Scenario 7A and 7B using a diurnal pattern that has a peaking factor of 3.0 over 
an 8 hour period.  This pattern was used based on the assumption that West Basin would 
work with the customer to adjust the irrigation schedule at the golf course.  It is possible that 
the pressures in this area will need to be boosted if Scenario 7A or 7B is implemented.  The 
existing lateral pipe size may also need to be increased if the pressures are determined to 
be too low after adjusting the irrigation schedule.  Currently, there is a 6-inch diameter 
lateral feeding the golf course from the main line in 120th Street. 

The location of the low pressure areas can be seen on Figure 8.1. 
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8.2.1.3.2 Title 22 Pump Station 

The firm capacity of the Title 22 pump station is estimated at 47,500 gallons per minute 
(gpm). The hydraulic model resulted in the following maximum month, peak hour demands 
for the entire Title 22 System: 

• Scenario 1: 42,127 gpm 

• Scenario 2: 49,217 gpm 

• Scenario 3: 50,199 gpm 

• Scenario 4: 57,289 gpm 

• Scenario 5A: 65,198 gpm 

• Scenario 5B: 50,199 gpm 

• Scenario 6: 75,250 gpm 

• Scenario 7A: 94,990 gpm 

• Scenario 7B: 77,000 gpm 

Scenario 5B will require an 8,000 horsepower pump station, including one standby pump. 
For Scenario 7B, the total connected horsepower will be 12,000. 

The improvements to this pump station should be developed through a detailed preliminary 
design study considering the scenario selected, and the phased development of the 
demands. 

The existing pump station includes pumps on the two tanks, and the discharge pipe of the 
pumps on Tank 2 connects to the upstream end of the discharge header of the pumps on 
Tank 1. The entire pumping system would have to be taken out of service in case of an 
outage of the discharge header of the Tank 1 pumps. Additionally, the entire flow is 
measured through a 30-inch diameter magnetic flow meter. The discharge piping and flow 
measurement for the two sets of pumps should be separated so that each set of pumps can 
be run without the discharge header of the other. 

8.2.1.3.3 Conclusions and Recommendations 

It is recommended that the pressure at the Title 22 Pump Station be increased to 105 psi to 
accommodate the future demands.  West Basin must work with irrigation customers to 
ensure that the watering schedules are altered to be more consistent so that high peaks are 
not experienced in the system.  An eight hour watering schedule from 9 pm to 5 am is 
recommended.  This would limit the daily peaking factors to about 3.0 for all irrigation 
customers. 

A detailed study of the final capacity, number of pumps, phased completion, and operation 
of the Title 22 Pump Station should be conducted to develop the final improvements. For 
budgeting in this Master Plan, four 800 hp VFD operated pumps are added, replacing the 
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existing smaller pumps for Scenario 5B.  For Scenario 7B, five new pumps of 800 hp are 
added at the proposed 5 mg Title 22 storage tank. 

The aforementioned improvements would allow West Basin to implement all the estimated  
demands for Scenario 3 or Scenario 5B.  Scenario 5B requires that a secondary source of 
water is available at LACSD’s JWPCP in Carson, to provide future demands to the bp 
Carson Refinery and Dominguez Gap Barrier.  

To provide sufficient peak hour pressures for the remaining Scenarios 4, 5A, 6, 7A, or 7B, 
additional improvements will be necessary.  These may include parallel piping and/or 
additional booster pump stations. 

It is also recommended that backup water be provided from the Los Angeles County 
Department of Public Works’ potable water pipeline on El Segundo Boulevard to the Title 
22 system tanks through an airgap. 

8.2.1.3.4 System Hydraulic Transients (Surge) 

Implementing one of the alternatives recommended for the existing system is expected to 
significantly reduce the surge pressures in the Title 22 System. This could be further 
enhanced by reducing the individual customer peak water usage such as at the Chester 
Washington Golf Course and Columbia Park. 

A surge analysis of the proposed system(s) with the upgraded pump station should be 
conducted following the implementation of the improvements recommended at the CRWRF 
and EMWRF. 

8.2.1.3.5 Operation of the Title 22 Pump Station  

The future pump station should utilize variable speed pumps with similar total dynamic 
heads, so that the operation can be automated. A detailed study of the existing and future 
water demand patterns should be conducted in selecting the pumps, considering the 
phased increases in demand.  

8.2.1.3.6 Water Quality 

Figure 8.2 shows the water age during average demand conditions for Scenario 5B. The 
results of the recommended improvements for the existing system, such as pipe cleaning 
and chlorine booster facilities, should be used to formulate the water quality improvement 
projects for the future system. 

 

8-14 June 2009 
 pw://Carollo/Documents/Client/CA/WBMMD/8064A00/Deliverables/Final Report/Ch 08.doc 



#*

#*

#*

#*

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

Pacific Ocean

D
om

inguez C
hannel

%&l(

%&l(

%&d(

%&e(

%&q(

A»

AÉ

?Ò

?þ

?æ

?Ò

A|É1

CNF

EMWRF

Hyperion
WWTP

ELWRF

CRWRF

24''

6 '
'

36''

8''

12''

4'
'

20''

4''
6'

'

6' '

4'
'

6''

6'
'

8''

8''

6''

6''

8''

2 4
''

6''

6'
'

16''

8'
'

6''

8''

4 '
'

6''

8 '
'

6''

16''

2 4
''

6'
'

12''

4''

36''

6'
'

8'
'

IMPERIAL HWY

LA
K

E
W

O
O

D
 B

LV
D

FIRESTONE BLVD

PACIFIC COAST HWY

W
E

S
T

E
R

N
 A

V
E

LINC
O

LN BLVD

H
A

W
T

H
O

R
N

E
 B

LV
D

ARTESIA BLVD

VENICE BLV
D

R
O

SE
M

E
A

D
 B

LV
D

W
HITTIER BLVD

V
IS

TA D
E

L M
A

R
  

7TH ST

MANCHESTER AVE

OCEAN AVE

VENICE BLVD

WHITTIER BLVD

Legend
Treatment Facility

Disinfection Stations

!( Future Disinfection Stations

#* Future Booster Pump Stations

Existing Pipelines (by Diameter)

12" and smaller

16" through 30"

36" and larger

Future Pipelines (by Diameter)

12" and smaller

16" through 30"

36" and larger

US Highway

State Highway

Streets

Source location

Water Age (Hrs)

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

$
1 0 1 2 30.5

Miles

Figure 8.2

Title 22 Distribution System -

Water Age Under ADD Conditions

C:\pw_working\projectwise\bbrenhaug\dms70266\Figure_2_01-Overview-All_Systems.mxd
03-11-2009

West Basin Municipal Water District
Capital Implementation Master Plan For Recycled Water Systems

in association with



 

   
 



 

8.2.2 West Coast Barrier Water System 

8.2.2.1 Criteria 

The general analysis criteria used to evaluate the future West Coast Barrier Water System 
includes the following: 

• Maximum headloss of 10 feet for each 1,000 feet of pipe length. 

• Velocities of 1 to 3 fps under normal operations, with maximum velocities of 7 fps. 

Analysis criteria specific to the West Coast Barrier Water System includes: 

• Adequate pressure at the Blend Station, approximately 78 psi. 

• Firm pumping capacity to deliver the maximum daily flow of 15.2 million gallons per 
day (mgd). 

• Ability to deliver potable MWD water from the Barrier Blend Station to the RO units 
when the Phase III Microfiltration units are out of service. 

8.2.2.2 Analysis Conditions 

The West Coast Barrier System was analyzed with the future maximum day demand of 
15.2 mgd, and the largest capacity pump (No. 3) out of service. 

8.2.2.3 Analysis Results 

An additional 1,750 gpm of pump station capacity is required. Based on discussions with 
West Basin staff, there is also sufficient space at the pump station for an additional pump. 
For this CIMP study, one 3,500-gpm pump is planned to replace one of the 1,750 gpm 
pumps. 

The results from the analysis are presented in Table 8.6. The total head loss in the 30-inch 
diameter barrier water transmission main is 9.4 feet. Average unit headloss is 2.0 feet per 
1,000 feet, which is lower than the maximum value of 10 feet per 1,000 feet. The maximum 
velocity is 4.8 fps also well within the criteria. Water age based on 4,720 feet of pipe is  
16.5 minutes. The 20-inch diameter section of the discharge pipe, which also includes the 
magnetic flowmeter and the flow control valve, would experience velocities of 10.8 fps. This 
section should be replaced with 27-inch diameter pipe and flowmeter with a resulting 
maximum velocity of 4.8 fps. 
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Table 8.6 West Coast Barrier Water System Analyses 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Maximum 
Travel Time(2) 
(Water Age) Condition 

Total 
Headloss 

Average Unit 
Headloss  Velocity 

Future Design Demand(1) 9.4 ft 2.0 ft/kft 4.8 fps 16.5 min 
Notes: 
(1) 15.2 mgd future maximum flow. Seasonal peaking of the West Coast Barrier system is estimated 

at 1.0. 
(2) Based on length of 4,720 ft. 
 

Analysis conducted with the existing Pumps 1, 2, 4, and 5 and the flow control valve 
removed indicates that the system can deliver approximately 11,700 gpm (16.9 mgd), which 
is higher than the future maximum day demand of 15.2 mgd. The existing pump station can 
deliver 15.2 mgd with pump 1, 2, 4, and 5 operating at approximately 97 percent of full 
speed and without the flow control valve. Alternately, West Basin can operate the flow 
control valve to maintain the desired flow. The loss through the flow control valve will be 
much lower than existing losses with the lower demands. 

When the Phase V expansion is implemented, the operation of the pump station should be 
verified through field-testing to determine the actual firm capacity. The improvement to the 
pump station should be selected based on the results of the field-testing. 

For the Master Plan budgeting, it is assumed that West Basin will install variable frequency 
drives on the four (4) existing pumps and one (1) replacement pump.  

8.2.3 Hyperion Secondary Effluent Pumping System 

8.2.3.1 Criteria 

Analysis criteria for the Hyperion Secondary Effluent Pumping System (HSEPS) includes 
the following general criteria: 

• Maximum headloss of 10 feet for each 1,000 feet of pipe length 

• Maximum velocity of less than 10 fps in the force main 

• Surge pressures that will not cause pumps to operate outside of their preferred 
operating range 

• Provide a minimum pressure of 20 psi at ELWRF. 
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Analysis criteria specific to the HSEPS includes: 

• Sufficient firm capacity to deliver the future maximum day demand for the selected 
scenarios. Availability of secondary effluent at the HWWTP will need to be verified in 
selecting the scenario. 

• Secondary source of power to operate the pump station in case of primary power 
source outage 

• Parallel force main to provide supply to ELWRF in case of an outage of the existing 
force main 

8.2.3.2 Analysis Conditions 

The HSEPS was evaluated for the Title 22 System Scenarios 1 through 7, as listed in  
Table 8.7. It is noted that the secondary effluent (SE) flows at the HWWTP dropped to as 
low as 138 mgd during January 2007, and may be below the maximum day demands for 
Scenarios 6 and 7. Therefore, planning of future scenarios will need to consider the diurnal 
variation of secondary effluent, and availability of storage at HWWTP. All analyses were 
conducted to provide a minimum pressure of 20 psi at ELWRF. 

8.2.3.3 Analysis Results 

The results from the analyses performed for each of the maximum month and maximum 
day demand conditions described in Table 8.7 are presented in Table 8.8.  

 

Table 8.7 Hyperion Secondary Effluent Pumping System Demands 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Condition 
Average Annual
Demand (mgd) 

Maximum Month
Demand (mgd) 

Maximum Day 
Demand (mgd) 

T22 Scenario 1 44.3  60.2  85.0 
T22 Scenario 2 50.5  68.6  95.2 
T22 Scenario 3 52.6  71.8  96.6 
T22 Scenario 4 58.9  80.3  106.8 
T22 Scenario 5A 65.2  88.8  118.2 
T22 Scenario 5B 52.7  71.8  96.6 
T22 Scenario 6 73.4  103.3  132.7 
T22 Scenario 7A 78.3  112.6  161.1  
T22 Scenario 7B 62.7  91.3  135.2 
Note: All demands include 85% recovery for RO water 
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Table 8.8 Hyperion Secondary Effluent Pumping System Analyses 

Capital Implementation Master Plan 
West Basin Municipal Water District  

Maximum 
Travel 
Time(2) 
(Water 
Age) Demand Condition 

Total 
Headloss 

Average 
Unit 

Headloss  

Pressure at 
Pump 

Discharge 
Pipe 

Velocity 
Scenario 1 Max Month 15.7 ft 0.9 ft/kft 63.5 psi 4.8 fps 0.91 hr 
Scenario 2 Max Month 20.0 ft 1.1 ft/kft 67.1 psi 5.4 fps 0.79 hr 
Scenario 3 Max Month  21.7 ft 1.2 ft/kft 67.5 psi 5.7 fps 0.76 hr 
Scenario 4 Max Month 26.7 ft 1.5 ft/kft 70.2 psi 6.3 fps 0.68 hr 
Scenario 5A Max Month  32.2 ft 1.8 ft/kft 73.2 psi 7.0 fps 0.61 hr 
Scenario 5B Max Month  21.7 ft 1.2 ft/kft 67.5 psi 5.7 fps 0.76 hr 
Scenario 6 Max Month (60”) 27.2 ft 1.5 ft/kft 68.7 psi 6.4 fps 0.67 hr 
6 - Proposed Parallel 36” 27.3 ft 1.6 ft/kft 68.7 psi 4.9 fps 0.88 hr 
Scenario 7A Max Month  21.4 ft 1.2 ft/kft 65.9 psi 5.6 fps 0.76 hr 
7A – Proposed Parallel 48” 21.4 ft 1.3 ft/kft 65.9 psi 5.1 fps 0.84 hr 
Scenario 7B Max Month  21.7 ft 1.2 ft/kft 66.6 psi 5.7 fps 0.76 hr 
7B – Proposed Parallel 36” 21.7 ft 1.3 ft/kft 66.6 psi 4.3 fps 1.00 hr 
Scenario 1 Max Day 29.6 ft 1.7 ft/kft 69.89 psi 6.7 fps 0.57 hr 
Scenario 2 Max Day 36.6 ft 2.1 ft/kft 73.51 psi 7.5 fps 0.52 hr 
Scenario 3 Max Day 37.6 ft 2.1 ft/kft 72.7 psi 7.6 fps 0.52 hr 
Scenario 4 Max Day 45.9 ft 2.5 ft/kft 77.2 psi 8.4 fps 0.47 hr 
Scenario 5A Max Day 54.7 ft 3.1 ft/kft 79.8 psi 9.3 fps 0.43 hr 
Scenario 5B Max Day 37.6 ft 2.1 ft/kft 72.7 psi 7.6 fps 0.52 hr 
Scenario 6 Max Day (60”) 43.3 ft 2.4 ft/kft 75.9 psi 8.2 fps 0.52 hr 
6 – Proposed Parallel 36” 43.4 ft 2.6 ft/kft 75.9 psi 6.2 fps 0.69 hr 
Scenario 7A Max Day (60”) 41.5 ft 2.3 ft/kft 74.4 psi 8.0 fps 0.53 hr 
7A – Proposed Parallel 48” 41.6 ft 2.5 ft/kft 74.4 psi 7.3 fps 0.59 hr 
Scenario 7B Max Day (60”) 44.8 ft 2.5 ft/kft 76.3 psi 8.4 fps 0.51 hr 
7B – Proposed Parallel 36” 44.9 ft 2.7 ft/kft 76.3 psi 6.3 fps 0.68 hr 
Notes: 
(1) Maximum headloss predicted by model over a 24-hour simulation period. 
(2) Based on total length of 15,445 ft.   
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8.2.3.3.1 Scenario 1 through Scenario 5B.  

The force main velocities vary from 4.8 fps for Scenario 1 to 9.3 fps for Scenario 5A. The 
average unit headloss ranged from 0.9 to 3.1 feet per 1,000 feet, which is well within the 
criterion. For Scenario 1 through Scenario 5B, the velocities exceed the established criteria 
maximum velocity of 7 fps with the maximum day demands. However, since these are the 
maximum day demand velocities, and they are acceptable for the short operating duration.  

8.2.3.3.2 Scenario 6 through Scenario 7. 

For Scenario 6 through Scenario 7B, a parallel pipe is proposed to keep the velocities 
below 10 feet per second. For Scenario 6 and Scenario 7B, the parallel pipe is sized at 36 
inches in diameter minimum. For Scenario 7A, the parallel pipe is sized at 48 inches in 
diameter minimum. Under these conditions, the velocities in the existing 60-inch diameter 
force main vary from 5.6 fps to 8.4 fps.  The velocities in the proposed pipe vary from 4.3 
fps to 7.3 fps.  The average unit headloss ranged from 1.2 to 2.7 feet per 1,000 feet, which 
is well within the criterion. 

The Hyperion Secondary Effluent Pump Station capacity will need to be increased 
depending on the future scenario selected. For this CIMP, the capital improvement program 
includes a 7,000 horsepower pump station with a firm capacity of 97 mgd for Scenario 5B, 
and a 10,000 horsepower pump station with a firm capacity of 135 mgd for Scenario 7B. A 
detailed design study is beyond the scope of this work. However, it is recommended that 
the existing pump station be reviewed and modified for incorporation into the future facility. 
The pump station should have similar or same pumps operated by variable frequency 
drives to meet the varying demands.  

Based on the phasing of demands presented in Chapter 3, the capacity of the HSEPS 
would need to be upgraded within the next few years. As shown in Figure 4.10, the 
estimated capacity required in year 2011 is approximately 74 mgd due to the 
implementation of the ELWRF Phase V expansion project, which is intended to serve large 
customers such as Chevron Expansion (P10A, P10B, and P10C) and the West Coast 
Barrier (P10). By calendar year 2012, the pump station would need to have a capacity of 
approximately 90 mgd when the LADWP Harbor Area (P6A-1 and P6A-2) is expected to be 
served with recycled water. It should be noted that the required capacities would need to be 
higher if the bp Refinery demands (P5 and P8) also would need to be supplied from the 
HWWTP. The capacities presented above and on Figure 4.10 assume that Scenario 5B /7B 
would be implemented, which would serve the bp Refinery expansion from the JWPCP. 
Additional details on supply from the JWPCP are included in Section 8.3.  

Due to the presence of numerous utilities along some of the existing force main alignment 
in El Segundo Blvd., it may be difficult to construct a parallel pipeline to reduce the 
velocities and provide redundancy in case of a failure of the force main. A detailed study of 
the system, including the pump station should be conducted to formulate the most feasible 
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means of meeting the criteria and providing supply reliability. Supply reliability can be 
provided for the existing and future Title 22 System customers (28.5 mgd), excluding the 
refineries and the future City of Los Angeles demands.  

A surge study of the existing system, as well as the future system with a total flow of  
121 mgd was conducted by Flow Science in 2004. This study did not identify high 
pressures due to total power failure at the pump station, but recommended a surge tank to 
eliminate potential release of odors from the air release and vacuum relief valves on the 
force main. The surge study should be updated for the design conditions selected. The 
recommended future pump station cost estimate includes a surge tank.  

8.2.4 Chevron Low Pressure Boiler Feed System 

8.2.4.1 Criteria 

Analysis criteria for the Chevron Low Pressure Boiler Feed (LPBF) System includes the 
following: 

• Maximum headloss of 10 feet for each 1,000 feet of pipe length. 

• Velocities of 1 to 3 fps under normal operations, with maximum velocity of 7 fps. A 
minimum velocity of 1 fps is desired under average annual demands. 

• Firm capacity at LPBF Pump Station should meet maximum day demands. 

8.2.4.2 Analysis Conditions 

Under future demand conditions, the Chevron LPBF System is estimated to supply  
1.17 mgd of Industrial RO water to the Chevron El Segundo Refinery and 0.56 mgd to the 
El Segundo Power Plant on an average annual basis. The total average annual demand 
will be 1.73 mgd. Maximum month and maximum day demands for the Chevron El 
Segundo Refinery are calculated using peaking factors of 1.5 and 1.7, respectively.  
Table 8.9 details the future flow conditions for the Chevron LPBF System.  

Figure 8.3 shows the anticipated alignment of the future portions of the Chevron LPBF 
System. 
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Table 8.9 Chevron Low Pressure Boiler Feed System Demands 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Condition Average Annual Average Daily 
Average 

Instantaneous 
Average Demand(1) 1,935 afy 1.73 mgd 1,200 gpm 
Maximum Month Demand(2) N/A 2.31 mgd 1,604 gpm 
Maximum Day Demand(3) N/A 2.94 mgd 2,039 gpm 
Notes: 
(1). Existing (1,100 afy) + Potential Chevron Expansion, P10C (210 afy) + Potential El Segundo 

Power Plant, P13A (325 afy) + Potential El Segundo Power Plant, P13B (300 afy). (All 
demands on this system are present in all Scenarios). 

(2) Based on a maximum month peaking factor of 1.5 for the average annual Chevron demand per 
Table 3.7. The average annual El Segundo Power Plant demand was not peaked. 

(3) Based on a maximum month peaking factor of 1.7 for the average annual Chevron demand per 
Table 3.7. The average annual El Segundo Power Plant demand was not peaked. 

 

8.2.4.3 Analysis Results 

Table 8.10 presents model results for the analysis conducted under each of the demand 
conditions listed in Table 8.9.  

As shown in Table 8.10, the average unit headloss per 1,000 feet of pipe ranged from 
4.7 feet to 9.8 feet, which is below the analysis criteria of 10 feet per 1,000 feet. However, 
the maximum velocity in the proposed 10-inch diameter pipeline segment ranged from 4.9 
fps (with average day demands) to 7.2 fps (with maximum day demands), which is higher 
than the 3 fps criterion under normal conditions and the 7 fps maximum velocity criterion. It 
should be noted that the size of this 10-inch diameter pipeline to the El Segundo power 
plant was based on the preliminary design report (HDR, 2008) and that it is recommended 
to increase this pipeline size to 12-inch diameter to meet the criteria under the most recent 
demand projections. This preliminary design report also uses a C factor of 150, which is 
considered high for planning purposes. The headloss presented in Table 8.9, is based on a 
C factor of 120. The existing 12-inch diameter pipeline to the Chevron El Segundo Refinery 
meets all evaluation criteria.  

The discharge pressure at the pump station is dependent on the delivery pressure required 
by the customers. For the analyses of the future system, a minimum pressure of 20 psi is 
required at the Chevron LPBF Tank based upon its height and operating levels. The 
resulting pressures at the El Segundo Power Plant facility range from 42 psi to 47 psi. If 
higher pressures are required, they can be provided by increasing the pump speed, using 
larger pumps, or constructing a larger delivery pipe to El Segundo Power Plant. The 
pressures on the discharge side of the LPBF Pump Station range from 46 psi to 68 psi 
under the future conditions based upon a delivery pressure of 20 psi at Chevron LPBF 
Tank.  
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Table 8.10 Chevron Low Pressure Boiler Feed System Future Analyses 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Demand Condition(1)
Total 

Headloss(2)

Average 
Unit 

Headloss 

Pressure at 
Chevron 
Delivery 

Point 

Pressure at 
El Segundo 

Power 
Delivery 

Point 

June 2009 
8-25 
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Velocity in 
10" Pipe to 
El Segundo 

Power 
Plant(3)

Velocity in 
12" Pipe 
between 

ELWRF and 
Chevron(3)

Max Travel 
Time(4) 

(Water Age) 
Average Day Demand 52.9 ft 4.7 ft/kft 20.7 psi(5) 42.1 psi(5) 4.9 fps 3.4 fps 0.8 hrs 
Maximum Month 
Demand 86.5 ft 8.1 ft/kft 20.1 psi(6) 45.0 psi(6) 6.5 fps 4.5 fps 0.6 hrs 

Maximum Day Demand 103.6 ft 9.8 ft/kft 20.4 psi(7) 47.1 psi(7) 7.2 fps 5.0 fps 0.6 hrs 
Notes: 
(1) Chevron LPBF demands included in all Scenarios. 
(2) Maximum headloss predicted by model over 24-hour simulation period. 
(3) Pipeline alignments shown on Figure 2.7. 
(4) Based on total length of 10,400 ft. 
(5) One future 1,250 gpm, 196 ft TDH pump running at 88 percent speed to maintain 46 psi discharge pressure at pump station. 
(6) Two future 1,250 gpm, 196 ft TDH pumps running at 82. percent speed maintain 60.1 psi discharge pressure at the pump station. 
(7) Two future 1,250 gpm, 196 ft TDH pumps running at 88 percent speed maintain 67.8 psi discharge pressure at pump station. 

 

 



 

With one pump on stand-by, the firm capacity of the existing pump station is currently 
1,200 gpm or 1.73 mgd. Under future maximum day demand conditions, the pump station 
will be required to deliver 2,039 gpm. It is recommended to replace the three existing 
pumps with three new pumps with approximate rated conditions of 1,250 gpm, 196 feet 
TDH at 1,770 revolutions per minute (RPM). The pumps will be driven by 100 HP variable 
frequency drives.  

The CIP includes a pressure reducing valve at the entrance to the Chevron El Segundo 
Refinery that may be necessary when LPBF water service is extended to the El Segundo 
Power Plant in the future and the pressure has to be increased at the LPBF Pump Station. 

8.2.5 Chevron High Pressure Boiler Feed System 

8.2.5.1 Criteria 

Analysis criteria for the Chevron High Pressure Boiler Feed (HPBF) System includes the 
following general criteria: 

• Maximum headloss of 10 feet for each 1,000 feet of pipe length 

• Velocities of 1 to 3 fps under normal operations, with maximum velocities of 7 fps. A 
minimum velocity of 1 fps is desired under average annual demands. 

• Firm capacity at HPBF pump station should meet the maximum day demands 

These criteria were used to evaluate the Chevron HPBF System under future demand 
conditions. 

8.2.5.2 Analysis Conditions 

Under future demand conditions, the Chevron HPBF System will supply 2.87 mgd of 
Industrial RO Ultra water to the Chevron El Segundo Refinery on an average annual basis. 
Table 8.11 details the future flow conditions for the Chevron HPBF System. 

8.2.5.3 Analysis Results 

Table 8.12 presents the model results for the analysis conducted under each of the demand 
conditions listed in Table 8.11.  

As shown in Table 8.12, the average unit headloss per 1,000 feet of pipe ranged from 
5.6 feet to 7.8 feet, which is below the analysis criteria of 10 feet per 1,000 feet. The 
maximum velocity ranged from 5.7 fps to 6.8 fps. The velocities are higher than 3 fps under 
average day conditions. To stay within the evaluation criteria the 12-inch diameter pipeline 
segment would need to be upgraded to a 16-inch diameter pipeline. However, because the 
velocities are not excessive, no recommendations are made in the CIP presented in 
Chapter 9. 
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Table 8.11 Chevron High Pressure Boiler Feed System Future Demands 

Capital Implementation Master Plan 
West Basin Municipal Water District 

Demand Condition(1) Average Annual Average Daily 
Average 

Instantaneous 

Average Demand(2) 3,219 afy 2.87 mgd 1,996 gpm 

Maximum Month Demand(3) N/A 3.16 mgd  2,195 gpm 

Maximum Day Demand(4) N/A 3.45 mgd 2,395 gpm 
Notes: 
(1) Chevron HPBF demands included in all Scenarios. 
(2) Existing (2,800 afy) + Potential Chevron Expansion, P10B (419 afy). 
(3) Based on a seasonal peaking factor of 1.1 applied to the average annual demand per Table 3.7.  
(4) Based on a peaking factor of 1.2 applied to the average annual demand per Table 3.7.  

 

The pump station discharge pressure depends on the required delivery point pressure. 
Based upon the height and operating level of the Chevron HPBF Tank, a delivery pressure 
of 20 psi was used in the analyses for all conditions. The discharge pressure of the HPBF 
Pump Station is expected to vary between 39 psi and 45 psi with the future flows.  

With one pump on stand-by, the firm capacity of the existing pump station is 1,800 gpm or 
2.59 mgd. This is the design capacity of one pump. Under the future maximum day 
demands, the pump station will be required to pump up to 2,395 gpm. It is recommended to 
replace the two existing pumps with new pumps that have approximate rated conditions of 
2,500 gpm, 119 feet TDH at 1180 RPM. The pumps will be driven by 100 HP variable 
frequency drives.  

8.2.6 Chevron Nitrified Water System 

8.2.6.1 Criteria 

Analysis criteria for the Chevron Nitrified Water System includes the following: 
• Maximum loss of 10 feet for each 1,000 feet of pipe length 
• Velocities of 1 to 3 fps under normal operations, with maximum velocities of 7 fps. A 

minimum velocity of 1 fps is desired under average annual demands. 
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Table 8.12 Chevron High Pressure Boiler Feed System Future Analyses 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Demand Condition(1) Total Headloss(2)
Average Unit 

Headloss 
Pressure at 

Delivery Point 
Velocity in 
12" Pipe(3)

Velocity in 
16" Pipe(3)

Maximum Travel 
Time(4) (Water Age) 

Average Day Demand 36.0 ft 5.6 ft/kft 21.4 psi(5) 5.7 fps 3.2 fps 0.8 hrs 
Maximum Month Demand 42.9 ft 6.7 ft/kft 20.7 psi(6) 6.2 fps 3.5 fps 0.8 hrs 
Maximum Day Demand 50.4 ft 7.8 ft/kft 21.4 psi(7) 6.8 fps 3.8 fps 0.7 hrs 
Notes: 
(1) Chevron HPBF demands included in all Scenarios. 
(2) Maximum headloss predicted by model over 24-hour simulation period. 
(3) Pipeline alignments shown on Figure 2.7. 
(4) Based on total length of 10,020 ft. 
(5) One future 2,500 gpm pump running at 81 percent speed to maintain 40 psi discharge pressure at pump station. 
(6) One future 2,500 gpm running at 85 percent speed to maintain 43 psi discharge pressure at pump station. 
(7) One future 2,500 gpm running at 90 percent speed to maintain 47 psi discharge pressure at pump station. 



 

Analysis criteria specific to the Chevron Nitrified Water System includes: 
• Adequate pressure at the Chevron Refinery for the cooling towers, approximately 

80 psi 
• Ability to deliver potable water from the City of El Segundo’s water system when 

Title 22 water is not available 
• Sufficient firm pumping capacity to deliver the future maximum day demands.  

8.2.6.2 Analysis Conditions 

Table 8.13, shows the future average annual demands, maximum month demands, and 
maximum day demands for the Chevron Nitrified Water System.  
 
Table 8.13 Chevron Nitrified Water System Future Demands 

Capital Implementation Master Plan 
West Basin Municipal Water District 

Average Annual Average Daily 
Average 

Instantaneous Demand Condition(1)

Average Demand(2) 5,206 afy 4.65 mgd 3,228 gpm 
Maximum Month Demand(3) N/A 6.51 mgd 4,519 gpm 
Maximum Day Demand(4) N/A 7.44 mgd 5,164 gpm 
Notes: 
(1) Chevron Nitrified Water System demands included in all Scenarios. 
(2) Existing (3,500 afy) + Potential Chevron Nitrified Water System Expansion, P10B (1,706 afy)  
(3) Based on a peaking factor of 1.4 applied to the average annual demand per Table 3.7.  
(4) Based on a peaking factor of 1.6 applied to the average annual demand per Table 3.7.  

 

During the model calibration period in October 2008, the existing Nitrified Water Pump 
Station operated between 77 psi discharge pressure with a total demand of about 3,750 
gpm, and 101 psi with a total demand of 2,600 gpm. For the future system analysis, it is 
assumed that nitrified water will be provided at a pressure of 85 psi at the Chevron El 
Segundo Refinery delivery point with the largest demand. This is 5 psi higher than the 
existing minimum delivery pressure and may be necessary for the increased demands. 

8.2.6.3 Analysis Results 

The results of analyses for each of the demand conditions described in Table 8.13 are 
presented in Table 8.14.  

June 2009 8-29 
pw://Carollo/Documents/Client/CA/WBMMD/8064A00/Deliverables/Final Report/Ch 08.doc 



 

 

Table 8.14 Chevron Nitrified Water System Future Analyses 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Demand Condition(1)

Total 
Head 
loss 

Average 
Unit 

Headloss

Average 
Pressure at 

Delivery Point Velocity 

Maximum 
Travel Time(2)

(Water Age)
Average Day Demand 4.8 ft 1.7 ft/kft 75.1 psi 4.1 fps 15.0 min 
Maximum Month Demand 9.1 ft 3.1 ft/kft 72.5 psi 5.7 fps 10.8 min 
Maximum Day Demand 11.6 ft 4.0 ft/kft 71.9 psi 6.6 fps 9.3 min 
Note: 
(1) Chevron Nitrified Water System demands included in all Scenarios.  

 

With one pump on stand-by, the firm capacity of the pump station is currently 3,600 gpm or 
5.18 mgd. Under future maximum day demands, the pump station will be required to pump 
up to 5,164 gpm.  

The existing pump station has a 30-inch diameter suction header, three 16-inch diameter 
suction pipes, and three 12-inch diameter discharge pipes. Suction and discharge stubs 
and a pump barrel were constructed for a fourth pump. To make the maximum use out of 
the existing facilities, the future facility should have three identical duty, and one standby 
pump, all operated by variable frequency drives. The existing 3-stage Ingersoll Rand 15M 
pump can be used as part of the future pump station. The upgraded pump station will 
convey the projected maximum day demand to the Chevron El Segundo Refinery at a 
pressure of 85 psi. 

The existing 20-inch diameter pipe will be able to convey the maximum flow with velocities 
under 7 fps. Therefore, no pipeline improvement recommendations are made. 

The Title 22 System pressure at the entrance to the CNF is approximately 85 psi. This will 
increase to near 100 psi when the future Title 22 system pump station discharge pressure 
is increased to 105 psi. The inlet pressure is reduced through either a pressure regulating 
valve or a hydro generator facility, which can recover some of the cost of pumping. It is 
reported that the hydro generator facility has not operated in a long time due to problems 
experienced when it was constructed. Based on the future average annual flow of  
3,228 gpm, recovery of 60 psi (140 ft) of head, 70 percent efficiency, and $0.10 per kWH it 
may be possible to recover approximately $50,000 annually from its operation. The 
feasibility of placing the hydro generator in service should be investigated. For conservative 
planning purposes, the cost of a replacement hydro generator has been added to the CIP. 
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8.2.7 CRWRF Brine Line 

8.2.7.1 Criteria 

The general analysis criteria used to evaluate the CRWRF brine line includes the following: 
• Maximum headloss of 10 feet for each 1,000 feet of pipe length 
• Velocities of 1 to 3 fps under normal operations, with maximum velocities of 7 fps. A 

minimum velocity of 1 fps is desired under average annual flows. 

Analysis criteria specific to the CRWRF Brine Line includes: 
• Positive pressure at the Joint Water Pollution Control Plant (JWPCP) standpipe (as 

detailed in Chapter 6), corresponding to a pressure of 8.0 psi at the standpipe 
sampling point. 

• Maximum daily flow of 0.9 mgd (regulated by discharge permit, as detailed in 
Chapter 4) 

8.2.7.2 Analysis Conditions 

The anticipated flows through the CRWRF Brine Line depend on the Industrial RO flows 
being treated at CRWRF, and consequently vary significantly between scenarios. The 
projected flows for each Scenario are shown in Table 8.15. From the existing system 
analysis for the CRWRF Brine Line system, the RO concentrate flows average about 
25 percent of the Industrial RO product water flows (an 80 percent recovery ratio). The 
flows presented in Table 8.15 assume this same 80 percent recovery ratio. 

As seen in Table 8.15, the anticipated flows for the brine line do not change from existing 
conditions under Scenarios 1, 3, 5B, and 7B. For these scenarios, concentrate for any 
additional Industrial RO treatment is not conveyed via the CRWRF Brine Line, so the same 
conditions as the existing system analysis would apply. 

Under Scenarios 2, 4, and 5A, the Industrial RO demands associated with expansion of the 
bp Carson Refinery are supplied by treatment processes at the CRWRF, increasing 
average annual flows through the CRWRF Brine Line system to 2,195 afy, or 2.0 mgd.  

Flows are most significant under Scenarios 6 and 7A, the total Industrial RO treatment 
capacity at CRWRF would be increased further as a result of service to the Dominguez Gap 
Barrier. Under Scenarios 6 and 7A, the total flow through the CRWRF Brine Line system 
would be 3,070 afy, or 2.7 mgd. 
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Table 8.15 CRWRF Industrial RO Flows 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Scenario Industrial RO Customers Customer IDs 

Industrial RO 
Demands  

(afy) 

CRWRF Brine 
Line Flows(1) 

(afy) 

1 Existing (bp) E3 2,800 700 

2 Existing, bp Expansion E3, P5 8,780 2,195 

3 Existing E3 2,800 700 

4 Existing, bp Expansion E3, P5 8,780 2,195 

5A Existing, bp Expansion E3, P5 8,780 2,195 

5B(1) Existing E3 2,800 700 

6 Existing, bp Expansion, 
Dominguez Gap 

E3, P5, P9A, P9B 12,280 
3,070 

7A Existing, bp Expansion, 
Dominguez Gap 

E3, P5, P9A, P9B 12,280 
3,070 

7B(1) Existing E3 2,800 700 
Notes: 
(1) The anticipated CRWRF Brine Line flows assume an 80% recovery ratio in Industrial RO and Barrier 

water treatment processes. 
(2) For Scenarios 5B and 7B, future demands for the bp Carson Refinery and Dominguez Gap are served 

by a new treatment plant near the JWPCP rather than CRWRF. 

 

Peaking factors for the future system are assumed to be consistent flow observed during 
calibration data gathering—a minimum peaking factor of 0.7 and a maximum peaking factor 
of 1.5. 

Table 8.16 presents flow conditions under which analysis was conducted for average, 
maximum, and minimum flow conditions for both Scenario 5A and Scenario 7A. For 
Scenarios 5B and 7B, no additional treatment would take place at CRWRF, so future 
conditions would be the same as existing conditions. 

This analysis was conducted assuming the RO train head pattern and flow patterns from 
the existing system analysis would apply to the future system. Adding additional RO trains 
may result in different pressure and flow patterns in the future system, which may affect 
hydraulic behavior of the brine line. 
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Table 8.16 CRWRF Brine Line System Flows 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Flow Condition Average Annual Average Daily Average Instantaneous 
Scenario 5A    
Average Annual Flow(1) 2,195 afy 2.0 mgd 1,389 gpm 
Maximum Flow(2) N/A 2.9 mgd 2,014 gpm 
Minimum Flow(3) N/A 1.4 mgd 972 gpm 
Scenario 7A    
Average Annual Flow(1) 3,070 afy 2.7 mgd 1,875 gpm 
Maximum Flow(2) N/A 4.1 mgd 2,847 gpm 
Minimum Flow(3) N/A 1.9 mgd 1,319 gpm 
Notes: 
(1) Average projected flow assuming an 80% recovery ratio. 
(2) Maximum flow based on ratio of maximum flow observed during calibration data gathering 

(5-min sampling interval) to average flow over same period (1.5).  
(3) Minimum flow based on ratio of minimum non-zero flow observed during calibration data 

gathering (5-min sampling interval) to average flow over same period (0.7).  

 

8.2.7.3 Analysis Results 

The results of analyses for each of the loading conditions described in Table 8.16 are 
presented in Table 8.17.  

As shown in Table 8.17, negative pressures are predicted at the sampling port in the 
standpipe under all future demand conditions. A pump station may be avoided by raising 
the discharge pressure at the RO trains. According to West Basin staff, the pressure at the 
RO Trains can be raised by adjusting the concentrate control valve. Initial analysis showed 
that it was necessary to raise the pressure at the RO trains from 40 psi to 80 psi to reach 
the 8.0 psi pressure criteria at the sampling port under peak flow conditions for 
Scenario 5A. As the current pressure range of the concentrate control valve is not 
evaluated in this analysis, it is recommended that the feasibility of such an operational 
change be further investigated.  
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Table 8.17 CRWRF Brine Line System Analyses 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Flow Condition 
Pipeline 

Headloss(1)

Minimum 
Pressure at 
Standpipe(2)

Velocity 
Range 

Maximum 
Travel Time(3) 
(Water Age) 

Scenario 5A     
Average Annual Flow 4.1 ft/kft -29.8 psi 2.0 – 3.7 fps 3.5 hrs 
Maximum Flow 8.1 ft/kft -79.2 psi 2.8 – 5.4 fps 2.5 hrs 
Minimum Flow 2.1 ft/kft -5.6 psi 1.4 – 2.6 fps 4.9 hrs 
Scenario 7A     
Average Annual Flow 7.1 ft/kft -66.9 psi 2.7 – 5.0 fps 2.7 hrs 
Maximum Flow 15.4 ft/kft -168.5 psi 4.0 – 7.6 fps 2.0 hrs 
Minimum Flow 3.7 ft/kft -25.2 psi 1.9 – 3.5 fps 3.7 hrs 
Notes: 
(1) Maximum headloss predicted by model over 24-hour simulation period. 
(2) Pressure taken at junction CRB-300, which represents the sampling port of the JWPCP 

standpipe. 
ft/kft = feet per 1,000 feet 

 

The results from the hydraulic model presented in Table 8.17 indicate velocities in the 
pipeline between 1.4 and 5.4 fps under flow conditions for Scenario 5A. The increased flow 
in the future system is above the minimum velocity criteria of 1 fps. For Scenario 7A, 
velocity and headloss criteria are exceeded at peak flow conditions. Additional pipeline 
capacity would be required, through a parallel pipeline, pipeline replacement, or alternate 
brine disposal solution. 

As the future system loading conditions are greater than 623 gpm (0.9 mgd), the brine line 
flow is predicted to exceed the current permitted discharge of 0.9 mgd (CRWQCB 2006) for 
Scenarios 2, 4, 5A, 6, and 7A. A revised brine line permit accommodating the increased 
flows will need to be applied for. West Basin staff has indicated that the application process 
for a new permit is predicted to take about two years. Exact discharge levels will need to be 
determined based on the total anticipated capacity of the RO processes at CRWRF, which 
will depend on whether the bp Carson Refinery and Dominguez Gap Barrier are served by 
the CRWRF facility. 

Since Scenarios 5B and 7B require no additional treatment capacity at CRWRF, future 
flows through the CRWRF brine line would be consistent with existing conditions and 
consequently no recommendations are made to accommodate future system expansions. 
Depending on the location of the NTP, discharge of the RO concentrate from the NTP 
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would most likely require a separate brine line. Further analysis would need to be 
conducted during the preliminary design phase of the NTP. 

8.2.8 ELWRF Brine Line 

8.2.8.1 Criteria 

Analysis criteria for the ELWRF Brine Line consists the following: 
• Maximum pipeline velocity of 7 fps  

8.2.8.2 Analysis Conditions 

The future brine flows at the ELWRF were estimated based upon 15 percent of the flow to 
the West Coast Barrier System, and Chevron LPBF and HPBF Systems. The projected 
flows are summarized in Table 8.18. 

 

Table 8.18 ELWRF Brine System Future Flows 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Flow Condition(1) Average Annual Maximum Month Maximum Day 
West Coast Barrier 15.2 mgd 15.2 mgd 15.2 mgd 
Low Pressure Boiler Feed 1.73 mgd 2.31 mgd 2.94 mgd 
High Pressure Boiler Feed 2.87 mgd 3.16 mgd 3.45 mgd 
Total Product Water  19.8 mgd 20.67 mgd 21.59 mgd 
Total Title 22 Water  23.3 mgd 24.32 mgd 25.40 mgd 
Brine Flow  3.5 mgd 3.65 mgd 3.81 mgd 
Note: 
(1) West Coast Barrier and Chevron LPBF and HPBF flows included in all Scenarios. 

 

The brine system was evaluated based on these flows. It should be noted that it is not 
anticipated that expansion of the Title 22 system would increase the flows to the ELWRF 
brine line. Because of this, flows to the ELWRF brine line remain the same in all scenarios 
listed in Table 8.1. 

8.1.8.3 Analysis Results  

The analysis results with full pipe flow conditions and Hazen Williams C factor of 100 are 
provided in Table 8.19. As shown in Table 8.19, the unit headloss per 1,000 feet would be 
less than the analysis criteria of 10 feet per 1,000 feet. 
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Table 8.19 ELWRF Brine System Future Analysis 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Flow Condition(1)
Total 

Headloss 

Average 
Unit 

Headloss Velocity(2)

Maximum 
Travel Time(3) 
(Water Age) 

Average Day Demand 107.6 ft 6.0 ft/kft 4.2 fps 73.0 min 
Maximum Month Demand 116.5 ft 6.5 ft/kft 4.4 fps 69.9 min 
Maximum Day Demand 126.3 ft 7.1 ft/kft 4.6 fps 66.9 min 
Notes: 
(1) West Coast Barrier and Chevron LPBF and HPBF flows included in all Scenarios. 
(2) Based on full pipe flow with Hazen Williams C=100. 
(3) Full pipe flow velocity in 18-inch diameter DR 13.5 HDPE pipe. 
(4) Based on total pipeline length of 17,880 feet and full pipe flow velocity. 

 

The velocities within the sections of the pipe under full flow range from 4.1 fps with the 
average day flows to 4.3 fps with the maximum month flows. These velocities are well 
below the maximum desired velocity of 7 fps. They are higher than the existing velocities, 
which are expected to reduce the occurrence of scaling. The travel time varies from  
67 minutes to 73 minutes. 

The velocities in the sections of the pipe with steep slopes (Station 41+00 to 54+30;  
95+00 to 101+70) that follow high points of the alignment may be as high as 21 fps with the 
maximum day flows and Mannings “n” of 0.009. These velocities would be over 16 fps even 
with a Manning “n” of 0.013. The free surface flow conditions are expected to occur with the 
future flows even with full pipe flow Hazen Williams C factors of 100. Full pipe flow 
conditions should be created by constructing either a series of pinch valves or pipe 
restrictions at the downstream end. This will also eliminate the high velocities in the steep 
pipe sections. Since this recommendation is made for the existing system, no 
recommendation is added to the CIP separately for the future system. 

Due to the long-term effect of the relatively low velocity brine flows on the existing system, 
the periodic pipeline inspection program recommended for the existing system should be 
continued. Since this recommendation is made for the existing system, no recommendation 
is added to the CIP separately for the future system. 

It is recommended that West Basin include a capital improvement project to design and 
install inspection ports on the brine line so that its condition can be assessed, and 
corrective actions can be taken proactively. Additionally, when full pipe flow conditions are 
established, taps should be provided on the brine line to allow pressure measurements, 
which would provide the information for determining the roughness of the pipe. The existing 
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pipe is large enough for the future flows, and no new or parallel facility is required for 
capacity. 

8.2.9 bp Reverse Osmosis System 

8.2.9.1 Criteria 

The general analysis criteria used to evaluate the future bp Carson Refinery (bp) RO 
system includes the following: 

• Maximum headloss of 10 feet for each 1,000 feet of pipe length (ft/kft) 

• Velocities of 1 to 3 fps under normal operations, with maximum velocities of 7 fps. A 
minimum velocity of 1 fps is desired under average annual flows. 

• Capacity should be met with at least one booster pump kept in reserve 

No analysis criteria specific to the bp RO system is included. These criteria were used to 
evaluate the bp RO system under future demand conditions. 

8.2.9.2 Analysis Conditions 

Under future demand conditions, if supplied by HWWTP (Scenario 5A and 7A), the bp RO 
system is planned to convey an additional 5,980 afy, or 5.3 mgd, of Industrial RO water 
beyond the existing 2,800 afy, or 2.5 mgd, demand, bringing the total conveyance of the bp 
RO system to 8,780 afy, or 7.8 mgd. Of the 8,780 afy of Industrial RO water conveyed by 
the bp RO system, about 6,765 afy, or 6.0 mgd, is planned to be further treated to Industrial 
RO Ultra water on the bp site. The concentrate from the second pass RO process, 
approximately 676 afy, or 0.6 mgd, will supplement expanded Nitrified water demands at 
bp. Since the concentrate from the second pass RO process is conveyed by the bp RO 
system, it is included in the demands for the bp RO system although it ultimately satisfies a 
Nitrified water demand. It is assumed that the additional treatment will not require additional 
hydraulic head at the delivery point. 

Under future conditions, if supplied by JWPCP, the existing system analysis found in 
Chapter 7, would apply, as the future demands to bp would be supplied by a dedicated 
pipeline from the JWPCP. 

West Basin is currently in the preliminary design phase for expansion of CRWRF to 
accommodate the additional demand. As a part of the increase in demand and 
corresponding expansion, an additional pipeline is being designed to convey RO water from 
the existing delivery point to the south of bp. Since evaluation of hydraulic conditions of the 
pipeline past the delivery point is outside the scope of this study, it is assumed that the 
pipeline will not require additional pressure at the point of delivery beyond existing 
conditions. However, the pipeline alignment to Gate 7 is shown on Figure 8.4. 
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Based on discussions with West Basin staff, future demands are assumed to have a 
maximum monthly peaking factor of 1.3. Combined with existing maximum month demand, 
this equates to a combined maximum month demand of 11.2 mgd, a seasonal peaking 
factor of 1.4.  

Minimum instantaneous demands were assumed to be similar to percentage of average 
annual demands as that used for the existing system analysis. As detailed in Table 8.20, 
this analysis was conducted during the average, maximum, and minimum demand 
conditions of 5,443 gpm, 7,778 gpm, and 3,810 gpm, respectively. 

 

Table 8.20 bp RO System Demands 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Average 
Annual 

Average 
Daily 

Average 
Instantaneous Demand Condition(1)

Average Annual Demand 8,780 afy 7.8 mgd 5,443 gpm 
Maximum Month Demand(1) N/A 11.2 mgd 7,778 gpm 
Minimum Instantaneous Demand(2) N/A N/A 3,810 gpm 
Notes: 
(1) Demands for the bp RO system represent Scenarios . 
(2) Based on a seasonal peaking factor of 1.7 to the existing average annual demand and 1.3 to the 

future average annual demand. 
(3) Calculated by applying a minimum peaking factor of 0.7 to future combined demand, taken from 

the existing system analysis.  

 

8.2.9.3 Analysis Results 

Table 8.21 presents model results for the analysis conducted under each of the demand 
conditions listed in Table 8.20.  

As shown in Table 8.21, the pipeline headloss ranged from 1.2 ft/kft to 4.4 ft/kft, below the 
analysis criteria of 10 ft/kft. The maximum velocity ranged from 3.1 fps to 6.3 fps, below the 
maximum analysis criteria. Pressure at this site is regulated by the pump station, resulting 
in the 50-psi pressure maintained under all scenarios. Two of the three pumps were 
required under each of the scenarios. 

With one pump on stand-by, the firm capacity of the existing pump station is 3,500 gpm or 
5.0 mgd. This assumes operation of two pumps. Since this firm capacity is less than the 
future demands, it is recommended to replace the three existing 1,750-gpm pumps with 
three 4,500-gpm pumps. The modeling results in Table 8.21 reflect this upgrade. The pump 
motors and electrical systems would need to be upgraded accordingly. 
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Table 8.21 bp RO System Analysis 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Condition 
Total 

Headloss(1)

Average 
Unit 

Headloss(1) 

(ft/1,000 ft) 

Pressure 
at 

Delivery 
Point 

Maximum 
Velocity 

Maximum 
Travel 
Time(2) 
(Water 
Age) 

Average Annual Demand 9.4 ft 2.3 ft/kft 50.0 psi(3) 4.4 fps 1.5 hrs 
Maximum Month Demand 18.3 ft 4.4 ft/kft 50.0 psi(3) 6.3 fps 1.4 hrs 
Minimum Day Demands 4.9 ft 50.0 psi(3) 3.1 fps 1.8 hrs 1.2 ft/kft 
Notes: 
(1) Maximum headloss predicted by model over 24-hour simulation period. 
(2) Travel time verified for 1-week simulation time. 
(3) CRWRF RO Product Water pumps controlled by VSP analysis set to 50.0 psi delivery pressure. 

 

Based on the above analyses, it is shown that the existing pipeline is predicted to have 
sufficient capacity for anticipated future demands during each evaluated future system 
condition, and no additional recommendations are made for the pipeline. However, since 
the pipeline reaches the maximum velocity criteria during the MMD demand conditions, if 
demands exceed 8,540 gpm, the maximum velocity criteria will be exceeded. 

8.2.10 bp Nitrified Water System 

8.2.10.1 Criteria 

The general analysis criteria used to evaluate the bp Carson Refinery (bp) Nitrified Water 
system includes the following general criteria: 

• Maximum headloss of 10 feet for each 1,000 feet of pipe length (ft/kft) 

• Velocities of 1 to 3 fps under normal operations, with maximum velocities of 7 fps. A 
minimum velocity of 1 fps is desired under average annual flows. 

• Capacity should be met with at least one booster pump kept in reserve 

No analysis criterion specific to the bp Nitrified Water system is included. These criteria 
were be used to evaluate the bp Nitrified Water system under future demand conditions. 

8.2.10.2 Analysis Conditions 

Under future demand conditions, if supplied by HWWTP (Scenario 5A and 7A), the bp 
Nitrified Water system is planned to convey an additional 7,111 afy, or 6.3 mgd, of Nitrified 
water beyond the existing 600 afy, or 0.5 mgd, demand, bringing the total conveyance of 
the bp Nitrified Water system to 7,711 afy, or 6.9 mgd. In addition to the 7,711 afy of 
Nitrified water conveyed by the bp Nitrified Water system, approximately 676 afy, or  
0.6 mgd, of concentrate from the second pass RO process will supplement expanded 
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Nitrified water demands at bp. Since the concentrate from the second pass RO process is 
conveyed by the bp RO system, it is included in the demands for the bp RO system 
although it ultimately satisfies a Nitrified water demand.  

Under future conditions, if supplied by JWPCP (Scenarios 5B and 7B), the existing system 
analysis found in Chapter 7, would apply, as the future demands to bp would be supplied by 
a dedicated pipeline from the JWPCP. 

West Basin is currently in the preliminary design phase for expansion of CRWRF to 
accommodate the additional demand. As a part of the increase in demand and 
corresponding expansion, a new parallel 14-inch diameter pipeline is being designed to 
convey Nitrified water from CRWRF to the location of the existing vault and a new 18-inch 
diameter pipeline is being designed to convey Nitrified water from the the intersection of 
223rd Street and Wilmington Avenue  to Gate 7 on the south part of the bp property, the 
approximate location of which is shown on Figure 8.4. Since evaluation of hydraulic 
conditions of the pipeline past the delivery point is outside the scope of this study, it is 
assumed that the pipeline will not require additional pressure at the point of delivery beyond 
existing conditions. However, the pipeline alignment to Gate 7 is shown on Figure 8.4. For 
redundancy and reliability, a tie-in should be constructed between the proposed 14-inch 
diameter parallel pipeline and the existing 12-inch diameter pipeline. 

An additional expansion of CRWRF to serve nitrified water to customers in the LADWP 
Harbor is being planned within the preliminary design for expansion of CRWRF. This 
service would require a new pipeline from the CRWRF to the Los Angeles city boundary. 
This pipeline is also in preliminary design phase. The alignment of this pipeline is shown on 
Figure 8.4, as taken from the proposed alignment in the Harbor Refineries Recycled Water 
Pipeline Project (LADWP 2008). 

Seasonal peaking is assumed to be similar to existing conditions, with a maximum monthly 
peaking factor of 1.3. Minimum instantaneous demands were obtained from the minimum 
flows observed during the calibration data gathering period. As detailed in Table 8.22, this 
analysis was conducted during the average, maximum, and minimum demand conditions of 
4,781 gpm, 6,215 gpm, and 3,825 gpm, respectively. 

8.2.10.3 Analysis Results 

Based on discussions with West Basin staff, preliminary design was considering a 14-inch 
diameter parallel pipeline. This analysis was conducted with such a pipeline in place.  

Initial analysis showed that a 30-inch diameter pipeline would be required to convey flows 
under the analysis conditions. This analysis is conducted using a 30-inch diameter 
replacement pipeline. However, paralleling the existing 12-inch diameter pipeline is 
recommended to maintain service and increase system reliability.  
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Table 8.22 bp Nitrified Water System Demands 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Average Annual Average Daily 
Average 

Instantaneous Demand Type 
Average Annual Demand(1) 7,711 afy 6.9 mgd 4,781 gpm 
Maximum Month Demand(2) N/A 8.9 mgd 6,215 gpm 
Minimum Instantaneous 
Demand(3) N/A N/A 3,825 gpm 

Notes: 
(1) Calculated from historical billing records as detailed in Chapter 3. 
(2) Based on a seasonal peaking factor of 1.3 to the average annual demand. 
(3) By applying a minimum peaking factor of 0.8, based on historical flows. 

 

Table Table 8.22 presents model results for the analysis conducted under each of the 
demand conditions listed in Table 8.23.  

 

Table 8.23 bp Nitrified Water System Analysis 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Condition 
Total 

Headloss(1)

Average 
Unit 

Headloss(1) 

(ft/1,000 ft)

Pressure 
at 

Delivery 
Point 

Maximum 
Velocity 

Maximum 
Travel 
Time(2) 
(Water 
Age) 

Average Annual 
Demand 43 ft 17.1 ft/kft 50.0 psi(3) 8.1 fps 0.9 hrs 

Maximum Month 
Demand 69 ft 27.8 ft/kft 50.0 psi(3) 10.5 fps 0.8 hrs 

Minimum Day Demands 28 ft 50.0 psi(3) 6.5 fps 0.9 hrs 11.3 ft/kft 
Notes: 
(1) Maximum headloss predicted by model over 24-hour simulation period. Headloss in new 14-inch 

diameter parallel pipeline was slightly higher than in the 12-inch diameter existing pipeline. 
(2) Travel time verified for 1-week simulation time. 
(3) CRWRF Nitrified Product Water pumps controlled by VSP analysis set to 50.0 psi delivery 

pressure. 

 

As shown in Table 8.23, the system losses exceeded the analysis criteria of 10 ft/kft under 
all demand conditions. The maximum velocity ranged from 6.5 fps to 10.5 fps, exceeding 
the analysis criteria of 7 fps in all but the minimum demand conditions. Based on this 
analysis, it is recommended that a 20-inch diameter pipeline be used to parallel the existing 
12-inch pipeline.
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With one pump on stand-by, the firm capacity of the existing pump station is 625 gpm or 
0.9 mgd. This assumes operation of one pump. Since this firm capacity is significantly less 
than the future demands, it is recommended to replace the two existing 625-gpm pumps 
with four 3,700-gpm pumps. New pump motors and electrical systems would need to be 
added accordingly. 

Based on the above analyses, it is shown that the existing pipeline is predicted to have 
insufficient capacity for anticipated future demands during the future system conditions. 
Initial analysis shows that it is recommended to parallel this pipeline with a 20-inch diameter 
pipeline. 

8.3 FUTURE TREATMENT SYSTEMS ANALYSIS  

8.3.1 Near-Term Treatment Facility Expansions 

As discussed in Chapter 4, West Basin is planning on treatment expansions at several of its 
facilities within the next five years. Near-term expansion status and plans are discussed in 
detail for each facility. 

8.3.1.1 Edward C. Little Water Recycling Facility 

West Basin has completed the feasibility study for the Phase V expansion of ELWRF (HDR, 
2008). This expansion is intended to increase the MF and RO capacity of ELWRF to meet 
additional demands at the Chevron El Segundo Refinery, the West Coast Barrier, and new 
customers such as the El Segundo Power Plant. The feasibility study planned to add 
capacity to meet between 2.9 mgd and 8.4 mgd of Barrier and Industrial RO water quality 
demands, respectively. 

As a part of this expansion, the following key projects will be implemented: 

• Expansion of Barrier Treatment Processes 

• Expansion of Industrial RO Treatment Processes 

• Expansion of Industrial RO Ultra Treatment Processes 

• Expansion of Barrier Product Water Pump Station 

• Expansion of Chevron LPBF Product Water Pump Station 

• Expansion of Chevron HPBF Product Water Pump Station 

• Pipeline from Chevron LPBF System to El Segundo Power Plant 

8.3.1.2 ExxonMobil Water Recycling Facility 

Expansion of the EMWRF is not planned within the planning horizon. West Basin did not 
include additional demands at EMWRF within the customer database. Consequently, only 
existing system recommendations are made for EMWRF. 
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8.3.1.3 Carson Regional Water Recycling Facility 

As part of the CRWRF Phase II Expansion Project, additional MF, RO, UV, and AOP 
process upgrades are anticipated to increase the plant capacity from 5 mgd to 12 mgd to 
meet future maximum day demands under Scenario 5A. The additional MF and RO units 
are anticipated to produce additional Single-Pass RO product water for the bp Carson 
Refinery. Under Scenario 5B, the NTP would take the place of these process upgrades. 

Under Scenario 7A, future expansions could provide additional barrier water to the 
Dominguez Gap Barrier, increasing plant capacity to 15 mgd. Currently, the Dominguez 
Gap Barrier receives highly treated barrier water from the County of Los Angeles’ Terminal 
Island Treatment Facility. As part of this study it is assumed that the supply to the 
Dominguez Gap Barrier from LADWP would either be replaced or supplemented with water 
from West Basin treated at the CRWRF only under Scenario 7A and from the NTP under 
Scenario 6B and 7B.  

The Phase II Expansion Project is anticipated to involve expansion of the nitrification 
treatment process by implementing additional Biofor units to produce more nitrified water 
for the bp Carson Refinery and City of Los Angeles’ recycled water system in the LA Harbor 
region. Plant capacity is anticipated to increase from 1 mgd to 12 mgd under Scenario 5B 
and 21 mgd under Scenario 5A. 

8.3.1.4 Chevron Nitrification Facility 

As part of the CNF Phase II Expansion Project, an additional Biofor unit was recommended 
to be implemented and facility improvements such as pump station and electrical upgrades 
are planned for accommodating an additional 0.58 mgd of nitrified water demand. In 
addition to the facility improvements, it is also planned that the Phase II Expansion Project 
will include implementation of an emergency backup potable water supply to the nitrification 
storage tank for reliability. 

Since the Phase V Feasibility Study (HDR, 2008), Chevron has requested additional 
nitrified water from West Basin. This additional demand is included in the customer 
database entry for the nitrified component of Chevron’s demands (Customer P10A  
Table 3.4). It is anticipated that an additional average annual demand of 1,706 afy, or 
1.52 mgd, will be required by Chevron in the year 2011, bringing the total demand of 
nitrified water by Chevron to 5,206 afy, or 4.65 mgd. West Basin staff have indicated that it 
would be intended that two additional Biofor units be constructed at the CNF and that space 
is available at the existing site. 

8.3.2 Future Treatment System Analysis  

A customized system-wide model representing source water, treatment, and simplified 
recycled water demands was developed for the WBMWD system and applied to support the 
Capital Implementation Master Plan (CIMP) development. The model, OPTIMO™, is a flow 
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and mass balance model and includes source water quantity and quality, treatment 
capacities and efficiencies, and recycled demands and water quality criteria. The model 
was developed for the WBMWD to help identify system capacity constraints, water quality 
issues, and could be used in the future to identify operational and/or estimate operation and 
maintenance costs. 

Three different models were developed in sequential order to support the CIMP 
development. Model No. 1 represented the existing WBMWD system with existing 
demands. This model was calibrated to match current system performance in terms of 
matching recycled water customer demands and water quality. Model No. 2 represented 
the existing WBMWD system with future demands. This model was used to determine the 
treatment flow capacity constraints, and if treatment processes effectively met customer 
water quality needs. Model No. 3 was developed from Model No. 2 and represented the 
future WBMWD system required to meet recycled water flow and water quality needs.  

Details of model development can be found in the OPTIMO™ Model Development 
Technical Memorandum, which is included in Appendix G. This section summarizes the 
model creation methodology, evaluation criteria, and the future system recommendations 
developed for the WBMWD ultimate system in 2030 (Model No. 3). 

8.3.2.1 Model Creation  

The influent source water flows and projected water quality from HWWTP and JWPCP 
were included in the model. Major pump stations (e.g. HSEPS) and pipelines (e.g. the 
Hyperion Secondary Effluent Force Main) were also included in the model to help identify 
capacity constraints in the distribution system based on simplified hydraulic calculations. 

The four treatment facilities (ELWRF, CNF, CRWRF, and EMWRF) were modeled. Each of 
the major treatment unit processes at each facility was included in the model for each 
facility. Four treatment plants are connected together to create an overall system 
optimization model of the entire West Basin recycled water system. 

The major recycled water demands were grouped by water source and quality type, and 
included in the model as demand nodes. User inputs for these demand nodes include 
demand flows and water quality requirements. Major discharges of waste to sewers and 
brine lines were also modeled, incorporating discharge limits and water quality discharge 
prohibitions, where applicable. 

8.3.2.2 Evaluation Criteria 

The key evaluation criteria in the model were flow balancing to meet capacity limitations 
and recycled water demands, and meeting the water quality objectives of recycled water 
customers. These criteria are described in detail below in Table 8.24. 
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Table 8.24 Water Quality Restrictions for Recycled Water Customers 
West Basin Municipal Water District 
Capital Implementation Master Plan 

Demineralized Product Water Nitrified Product Water 

Constituent 
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Units T22 WCB CLP CHP BPRO EMRO EMN BPN CNF LAHN 
TSS mg/L NA (1) NA (1) NA (1) NA (1) NA (1) NA (1) 5 NA (1) NA (1) NA (1)

BOD mg/L NA (1) NA (1) NA (1) NA (1) NA (1) NA (1) 90 (4) NA (1) NA (1) NA (1)

NH3 mg/L NA (1) 5 (3) NA (1) NA (1) 4 1.9 1.6 0.1 NA (1) 0.1 
TDS mg/L 1000 (2) 500 60 5 35 NA (1) NA (1) NA (1) NA (1) NA (1)

Alkalinity mg/L as 
CaCO3

NA (1) NA (1) NA (1) NA (1) NA (1) NA (1) 350 NA (1) NA (1) NA (1)

Hardness mg/L as 
CaCO3

NA (1) NA (1) 0.3 0.03 NA (1) NA (1) 360 NA (1) NA (1) NA (1)

Cl mg/L NA (1) 250 NA (1) NA (1) NA (1) NA (1) 450 NA (1) NA (1) NA (1)

Ca mg/L NA (1) NA (1) NA (1) NA (1) 1 NA (1) 80 60 NA (1) 60 
Mg mg/L NA (1) NA (1) NA (1) NA (1) 1 NA (1) 40 24 NA (1) 24 

Conductivity μmho/cm NA (1) NA (1) NA (1) NA (1) NA (1) 50 3000 1000 NA (1) 1000 
SiO2 mg/L NA (1) NA (1) 1.5 0.1 1 1 35 22 NA (1) 22 
TOC mg/L NA (1) 0.5 NA (1) NA (1) NA (1) 0.7 NA (1) NA (1) NA (1) NA (1)

Notes: 
(1) No applicable water quality restriction. 
(2) Assumed customer acceptance limit of 1000 mg/L. 
(3) Measured as total nitrogen. 
(4) As COD, mg/L. 
(5) Customer Abbreviations: T22 - Title 22; WCB – West Coast Barrier; CLP – Chevron Low Pressure Boiler Feed, CHP: Chevron High Pressure 
Boiler Feed, BPRO – bp Reverse Osmosis System, BPN – bp Nitrifed Water System, EMRO – ExxonMobil Reverse Osmosis System, EMN – 
ExxonMobil Nitrified System, CNF – Chevron Nitrified Water System, LAHN – LADWP Harbor Nitrified System 

 



 

8.3.2.2.1 Flow Balancing 

An optimization routine utilized by the model helps to determine the best flow routing 
scheme in the WBMWD system with the goal of treating water within capacity constraints 
while meeting the flow requirements of recycled water customers. The model identified 
which processes were system capacity constraints. These processes were considered 
capacity constraints because the available treatment capacity did not allow for sufficient 
recycled water supplies to meet projected demands. The model also identified the 
additional required treatment capacity, and whether recycled water flow demands were met. 
Since storage hydraulic effects were not modeled, supply and demand flows were 
compared on an average daily basis for this modeling effort. 

8.3.2.2.2 Water Quality Objectives 

Another criteria of the model are the recycled water customer water quality objectives. 
Treated product water quality was determined according to the assumed removal rates of 
treatment processes included in the model based upon simplified mass balance equations. 
The model compared product water quality to the water quality objectives (See Table 8.24) 
for each major customer and reported if the water quality was acceptable or not. Influent 
water quality was modeled on a maximum day basis and customer water quality objectives 
were modeled on an average day basis to provide a conservative comparison. 

8.3.2.3 Future System Recommendations 

8.3.2.3.1 System Description  

The overall model representation of the future WBMWD system is depicted on Figure 8.5. 
Each green square represents the treatment facilities, and the purple triangles represent 
the major recycled water demand nodes served from the respective treatment facilities. The 
major laterals included in the model are shown as horizontal, purple pipes, and the disposal 
of wastes to sewer or brine lines are shown as vertical, blue pipes. The tabular data 
displayed summarizes key model results.  

Within each treatment facility (green square), the facility is modeled to the major unit 
process level. Figure 8.6 shows the model representation of ELWRF. Each of West Basin’s 
other three treatment facilities were modeled to a similar level of detail. The capacities and 
removal efficiencies of existing unit processes were input to the major unit processes in the 
facility.  
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Figure 8.5 OPTIMO™ Model Representation of the WBMWD System in 2030. 
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Figure 8.6 OPTIMO™ Model Representation of the ELWRF in 2030. 
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8.3.2.3.2 Hydraulic Results 

The projected flows available from the HWWTP and JWPCP were input to the model for the 
years 2020 (Scenario 5) and 2030 (Scenario 7) with the existing system capacities to 
identify system capacity constraints. Once the capacity-limited processes were identified, 
the model was re-run with expanded capacities to relieve the capacity constraints with the 
goal of meeting all recycled water demand flows in Scenario 5 and Scenario 7, as 
discussed in Section 8.1. These scenarios were selected since the water demands 
represent project phasing opportunities. In combination with the water quality modeling 
results, the hydraulic modeling results were used to develop a list of capital improvement 
projects required for each facility described in detail below.  

8.3.2.3.3 Water Quality Results 

One of the 15 water quality parameters evaluated was total dissolved solids (TDS). The 
current average TDS levels in the secondary effluent of the HWWTP and the JWPCP are 
approximately 900 mg/L and 1300 mg/L, respectively. However, TDS concentrations in the 
secondary effluent (SE) of the HWWTP are expected to increase due to: 

• Greater reliance on Colorado River water over State Project water 

• Increases in water conservation measures which can lead to higher concentrations of 
contaminants in treated wastewater 

• Larger volumes of industrial effluent which may have higher TDS loadings 

• Increases in residential use of water softeners 

JWPCP TDS concentrations are also expected to increase with time. The projected TDS 
concentrations for HWWTP and JWPCP are shown in Figure 8.7. The historical data show 
an average increase of 2.2 percent per year during the last 8 years. If this trend is 
extrapolated through 2030, TDS concentrations could reach 1200 mg/L (overall increase of 
33 percent, or 2.2 percent per year). However, the exact contribution of each potential 
factor that may have caused this upward trend in TDS concentration is unknown at this 
time. For example, it is possible that the use of water softeners in the market is nearly 
saturated such that TDS concentrations may not continue to increase as much due to water 
softeners. To avoid oversizing of treatment facilities based on this recent trend, it is 
assumed that the increase in TDS levels is 1 percent per year. The overall increase in TDS 
concentrations through 2030 is therefore expected to be 11 percent by 2030. The existing 
TDS levels in SE from the HWWTP are thus assumed to increase to 1,000 mg/L in 
HWWTP water. 

8-50 June 2009 
 pw://Carollo/Documents/Client/CA/WBMMD/8064A00/Deliverables/Final Report/Ch 08.doc 



 

Figure 8.7  
Measured and Projected TDS Concentrations for HWWTP Effluent 
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The current average TDS concentration in secondary effluent from JWPCP is 1,300 mg/L. 
Assuming an 11 percent increase in TDS concentration through 2030 results in an 
estimated concentration of 1,444 mg/L. 

The projected source water quality for HWWTP and JWPCP water were input to the model 
for year 2030 with the existing system removal efficiencies. The model was used to 
compare the treated effluent water quality supplied to each major recycled water customer 
to the customer’s water quality criteria. The target TDS concentration for water distributed 
to T22 customers is 1,000 mg/L. With this limit, TDS is the water quality parameter that 
governs treatment needs in comparison to the water quality requirements of the other  
14 constituents. 

Considering the projected increases in TDS in HWWTP and JWPCP water, a higher level of 
treatment is required when using SE from JWPCP for West Basin’s recycled water system. 
It should be noted that the final process selection for TDS treatment should be evaluated 
during preliminary design, when different technologies may be more appropriate. The most 
efficient technology currently available to treat SE directly to Title 22 standards is 
microfiltration (MF) followed by Reverse Osmosis (RO). It is therefore assumed that a 
MF/RO treatment plant be built when using SE from JWPCP for West Basin’s recycled 
water system. This treatment process will also remove TOC to acceptable limits. The entire 
treatment plant capacity would be sized for MF/RO, without any bypass of flow. 
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8.3.2.3.4 ELWRF 

Expansions of the UV system, Barrier PS, HP Feed Pump, LP Feed Pump, and RO Ultra 
treatment for HPBF are required to meet the projected demands since existing capacities 
are insufficient. To meet the projected demands these projects need to be operable in 
2011.  

Assuming TDS concentrations in HWWTP water remain at or below the estimated 
1,000 mg/L acceptance level (See Figure 8.7), more advanced treatment for TDS is not 
anticipated at ELWRF. 

8.3.2.3.5 CRWRF 

The Carson Expansion Project is needed to provide additional nitrification treatment 
capacity at CRWRF to meet the projected demands at bp Nitrified Water System and 
LADWP Harbor Nitrified System since existing capacities are insufficient. These projects 
include increasing the Biofor Reactor treatment capacity from 0.9 mgd to 17 mgd, and 
increasing the nitrification feed and product pumps accordingly. To meet these demands, 
these projects need to be operable in 2012. 

Expansion of the MF/RO treatment processes at CRWRF is needed to meet the higher  
bp RO demand in 2012. The existing MF capacity will need to be increased from 6.9 mgd to 
10.0 mgd (assuming 85 percent recovery). The existing RO capacity will need to be 
increased from 5.0 mgd to 8.5 mgd (assuming 85 percent recovery).  

With the addition of MF/RO treatment at the proposed new treatment plant (described in 
Section 8.4), the influent water to CRWRF will be of higher quality. It is likely that less 
treatment will be required at CRWRF. Monitoring of influent TDS concentrations to ELWRF 
or CRWRF is recommended to determine appropriate flow bypass amounts and potential 
cost savings. 

8.3.2.3.6 New Water Treatment Plant 

As described previously, it is recommended that MF/RO treatment be implemented at the 
new treatment plant to treat SE from the JWPCP to Title 22 targets for TDS (1000 mg/L), 
and to serve the industrial and recycled water customers near the CRWRF. To meet 
projected recycled water demands without additional treatment at ELWRF, the new 
treatment plant (NTP) needs to be sized for 25 mgd. The entire flow would require MF and 
RO treatment. 

Siting of this treatment plant could be at JWPCP or CRWRF, or somewhere in the vicinity of 
the pipeline connecting the two facilities. Section 8.4.1 describes the pipeline projects 
required for the New Treatment Plant. The siting of the treatment plant itself is not 
determined. 
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Besides reducing TDS levels and meeting all Title 22 water quality criteria, the use of 
MF/RO treatment at the new treatment plant will provide a much higher quality effluent not 
only to T22 customers, but also customers downstream of EMWRF, CRWRF, and CNF. It 
is possible that less treatment will be required at these facilities, providing O&M, and 
possibly capital savings to WBMWD. Cost estimates for these savings were not included in 
this analysis, but it is recommended that these considerations should be explored further. 

8.4 ALTERNATIVE SUPPLY ANALYSIS 

8.4.1 Supply Scenarios 

The existing recycled water system is supplied from only one source, the HWWTP. To 
serve the projected demands, the contract capacity needs to be expanded beyond the 
current limit of 51 mgd and/or an additional source of supply needs to be developed. Due to 
the location of many of the large customers in the southeast portion of the West Basin 
service area and the capacity limitations of the existing backbone infrastructure, it is 
practical to consider a second source of supply near the opposite site of the system. The 
Joint Water Pollution Control Plant (JWPCP) from the LACSD is located in close vicinity to 
the CRWRF as shown on Figure 4.6. This plant treats on average approximately 300 mgd 
to secondary effluent standards. This facility could therefore become a large and reliable 
source of recycled water supply. 

Based on discussions with West Basin staff, it was decided to evaluate the JWPCP as 
second source of supply and its impact on the overall capital implementation plan cost and 
system reliability. 

The addition of this second supply source would require: 

• Capacity to treat SE from JWPCP to Title 22 water quality standards; 

• Land acquisition to place the new treatment plant (NTP) 

• Associated pipelines and pumping stations to convey water from the NTP to the 
various customers 

The implementation of these NTP associated projects could potentially avoid or reduce the 
size of the following projects that would be required if all of West Basin’s recycled water 
was supplied from the HWWTP only: 

• Treatment capacity to treat SE from HWWTP to Title 22 water quality standards; 

• Upgrade of the HSEPS and force main to convey water from HWWTP to the ELWRF; 
and 

• Upgrade of the existing 42-inch diameter and other backbone pipelines, as well as 
the Title 22 pumping station, to convey water from the ELWRF to future customers. 
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To evaluate the supply alternatives, the cost of adding treatment capabilities to the 
southeast side of West Basin’s distribution system needs to be weighed against the cost of 
additional projects that are required to convey water from the HWWTP to many large 
customers that are located in the southeast portion of the West Basin service area, such as 
the bp Carson Refinery, Dominquez Gap Barrier, and the LADWP customers in the Harbor 
area. Three alternatives are presented, with varying levels of supply from HWWTP and 
JWPCP. 

Table 8.25, Table 8.26, and Table 8.27 list the projects which would be affected by the 
supply balance, and the estimated cost of the improvement projects that would be required 
to serve the demands identified for Scenario 7 (see Table 8.1). The cost estimating 
assumptions used for this analysis are presented in Chapter 5 of this report, and further 
detailed in Chapter 9.  

The IDs presented in each of the tables correlate to the associated project in the CIP. 
However, the project ID may not correspond to the location of the project in each 
alternative, as they are each affected by the difference in supply alternative.  

8.4.1.1 Supply from Hyperion Only 

Table 8.25 presents the recommended improvements under the first alternative, assuming 
the HWWTP serves as the sole source of supply for the future distribution systems. 

8.4.1.2 bp and Dominguez Gap Supplies from JWPCP  

Table 8.25 presents the recommended improvements under the first alternative, assuming 
the HWWTP serves as the sole source of supply for the future distribution systems. 

Table 8.28 summarizes the recommendations presented in Table 8.25, Table 8.26, and 
Table 8.27. As shown in Table 8.28, the overall cost is reduced with increased use of the 
JWPCP supply source.  

The majority of this cost savings is accomplished through elimination of large conveyance 
facilities from the west portion of West Basin’s service area to the east portion. The 
significant pipeline replacement and upgrades crossing the distribution system are not 
required in the third alternative, Option 3, with flows through the 42-inch diameter 
transmission main crossing the distribution system and the 60-inch diameter HSEFM being 
reduced by the alternative supplies from the JWPCP.  
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Table 8.25 Option 1: Hyperion as Sole Supply Source 
Capital Implementation Master Plan 
West Basin Municipal Water District 

ID Project Description(1)
Capital 

Cost(1,2) ($M) 
HPS-01 Add 90 mgd of additional firm pumping capacity, to bring total 

capacity to 141 mgd of firm capacity (Assumes 5 pumps, 6,400 hp 
increase) 

$70.3 

HPS-05 Parallel HSEFM w/ 54" $36.0 
HPS-06 Add 63 mgd of additional firm pumping capacity, to bring total firm 

capacity to 204 mgd. (For LADWP Westside, Kenneth Hahn, 
LADWP Harbor Expansion, Dominguez Gap) (Assumes 5 pumps, 
3,000 hp increase) 

$33.0 

T22-04 42" Parallel Transmission Main from ELWRF to Avalon $117.9 
ELWRF-09 Add 41.0 mgd of Title 22 Treatment, to bring total Title 22 Treatment 

Capacity of ELWRF to 91.0 mgd 
$173.2 

ELWRF-10 Increase capacity of Title 22 Pump Station at ELWRF by 5,200 hp 
(from 4,800 hp to 10,000 hp) to serve Future Title 22 Customers 

$57.1 

ELWRF-17 Increase capacity of Title 22 Pump Station at ELWRF by 4,250 hp to 
serve Future Title 22 Customers (Westside, LADWP Harbor, 
Dominguez Gap, Kenneth Hahn) 

$46.7 

BPN-01 Treat SE from JWPCP w/ MF/RO to serve growth in bp Nitrified 
System (Included in Title 22 Treatment) 

Not 
Needed 

BPN-02 Nitrified Treatment - treat Title 22 water from HWWTP at CRWRF to 
serve growth in bp Nitrified System 

$14.7 

BPN-03 New 18" pipeline from vault to Gate 7 for conveyance of Nitrified 
Water. 

$4.7 

BPN-03 Parallel 12" bp Nitrified w/ 20" pipeline from CRWRF to vault at bp 
for conveyance of Nitrified Water. 

$6.0 

BPN-04 Replace 2 existing pumps in pump station at CRWRF to serve bp 
Nitrified (assumes total of 4-3,700 gpm pumps) 

$1.5 

BPN-04 Add 2 new pumps to pump station at CRWRF to serve bp Nitrified 
(assumes total of 4-3,700 gpm pumps) 

$4.4 

BPRO-01 Treat Title 22 Water at CRWRF to meet bp RO demands $23.6 
BPRO-02 New Pipeline from NTP to bp for conveyance of Industrial RO Water. Not Needed 
BPRO-03 Replace 3 existing pumps in pump station at CRWRF to serve bp 

Industrial RO (assumes 3-4,500 gpm pumps) 
$2.5 

CRWRF-01 Pipe for LADWP Harbor demands from CRWRF to Carson City bndy $20.8 
CRWRF-02 Nitrified Treatment (Nitrified Water for LADWP Harbor Demand and 

Rhodia) 12.3 mgd 
$21.9 

NTP-03 Add new 3.1 mgd pump station at NTP to serve Dominguez Gap 
(Phase I + II) 

Not 
Needed 

NTP-01 Land Acquisition (7.4 ac for Conventional Treatment at ELWRF) $24.9 
NTP-05 New Pipeline from CRWRF to Dominguez Gap Barrier Blending 

Station for conveyance of Barrier Water. 
$7.3 

Total Cost $666.5 
Notes: 
(1) All numbers in this table are based on total demands and cost assumptions presented in the report 

dated April 3, 2009. This analysis was not updated with the revised peaking factors and unit cost 
assumptions, and should therefore be used for relative comparison purposed only. 

(2) See Chapter 5 for unit cost assumptions and markups and Chapter 9 for detailed CIP information. 
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Table 8.26 Option 2: Partial Supplies from JWPCP 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Capital 
Cost(1,2) ($M) ID Project Description(1)

HPS-01 Add 66 mgd of additional firm pumping capacity, to bring total 
capacity to 117 mgd of firm capacity. (Assumes 5 pumps, 2,800 hp 
increase) 

$30.8 

HPS-05 Parallel HSEFM w/ 36" $24.6 
HPS-06 Add 61 mgd of additional firm pumping capacity, to bring total firm 

capacity to 178 mgd. (For LADWP Westside, Kenneth Hahn, 
LADWP Harbor Expansion) (Assumes 5 pumps, 2,800 hp increase) 

$30.8 

T22-04 Parallel Pipeline to 42" Transmission Main from ELWRF to Avalon $87.6 
ELWRF-09 Add 17.3 mgd of Title 22 Treatment, to increase Title 22 treatment 

capacity from 50.0 mgd to 67.3 mgd 
$73.1 

ELWRF-10 Increase capacity of Title 22 Pump Station at ELWRF by 3,200 hp 
(from 4,800 hp to 8,000 hp) to serve Future Title 22 Customers 

$35.2 

ELWRF-17 Increase capacity of Title 22 Pump Station at ELWRF by 4,000 hp 
to serve Future Title 22 Customers (Westside, Kenneth Hahn, 
LADWP Harbor) 

$43.9 

BPN-01 Treat SE from JWPCP w/ MF/RO to serve growth in bp Nitrified 
System 

$104.4 

BPN-02 Nitrified Treatment - treat Industrial RO water from JWPCP to serve 
growth in bp Nitrified System 

$14.7 

BPN-03 New 20" pipeline from NTP to bp for conveyance of Nitrified Water. $10.3 
BPN-04 New pump station at NTP to serve bp Nitrified (assumes 4-1,500 

gpm pumps, in PS w/ BPRO-03) 
$3.8 

BPRO-01 Treat SE from JWPCP w/ MF/RO to serve growth in bp RO System $88.2 
BPRO-02 New Pipeline from NTP to bp for conveyance of Industrial RO 

Water. 
$9.4 

BPRO-03 New pump station at NTP to serve bp Industrial RO (assumes 4-
2,100 gpm pumps, in PS w/ BPN-04) 

$5.1 

CRWRF-01 Pipeline for LADWP Harbor demands at Carson City bndy $20.8 
CRWRF-02 Nitrified Treatment of Title 22 Water (Nitrified Water for LADWP 

Harbor Demand and Rhodia) 
$21.9 

CRWRF-08 Nitrified Treatment of Title 22 Water (Nitrified Water for LADWP 
Harbor Demand Phase II) 

$12.7 

NTP-03 Add new 3.1 mgd pump station at NTP to serve Dominguez Gap 
(Phase I + II) 

$2.5 

NTP-01 Land Acquisition of 4.5 ac near JWPCP for NTP $9.0 
NTP-04 New Pipeline from NTP to Dominguez Gap Barrier Blending Station 

for conveyance of Barrier Water. 
$10.4 

Total Cost $639.0 
Notes: 
(1) All numbers in this table are based on total demands and cost assumptions presented in the 

report dated April 3, 2009. This analysis was not updated with the revised peaking factors and unit 
cost assumptions, and should therefore be used for relative comparison purposed only. 

(2) See Chapter 5 for unit cost assumptions and markups and Chapter 9 for detailed CIP information. 
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Table 8.27 Option 3: Maximize Supplies from JWPCP 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Capital 
Cost(1,2) ($M) ID Project Description(1)

HPS-01 Add 54 mgd of additional firm pumping capacity, to bring total 
capacity to 105 mgd of firm capacity. (Assumes 5 pumps, 2,200 
hp increase) 

$26.0 

HPS-05 Parallel HSEFM w/ 36" Not Needed 
HPS-06 Add 53 mgd of additional firm pumping capacity, to bring total firm 

capacity to 158 mgd. (For LADWP Westside, Kenneth Hahn) 
(Assumes 5 pumps, 2,500 hp increase) 

$30.8 

T22-04 Parallel Pipeline to 42" Transmission Main from ELWRF to Avalon Not Needed 
ELWRF-09 Add 2.4 mgd of Title 22 Treatment, to bring total Title 22 

Treatment Capacity of ELWRF to 52.4 mgd 
$10.1 

ELWRF-10 Increase capacity of Title 22 Pump Station at ELWRF by 100 hp 
to serve Future Title 22 Customers 

$1.7 

ELWRF-17 Increase capacity of Title 22 Pump Station at ELWRF by 3,500 hp 
to serve Future Title 22 Customers (Westside, Kenneth Hahn) 

$38.5 

BPN-01 Treat 25.7 mgd of SE from JWPCP w/ MF/RO to serve growth in 
bp Nitrified System, LADWP Harbor, Rhodia 

$260.8 

BPN-02 Nitrified Treatment - treat Industrial RO water from JWPCP to 
serve growth in bp Nitrified System 

$14.7 

BPN-03 New 20" pipeline from NTP to bp for conveyance of Nitrified 
Water. 

$10.1 

BPN-04 New pump station at NTP to serve bp Nitrified and LADWP 
Harbor Nitrified demand (assumes 30 mgd pump station) 

$14.2 

BPRO-01 Industrial RO Treatment - treat 8.7 mgd of SE from JWPCP to 
serve growth in bp RO System 

$88.0 

BPRO-02 New Pipeline from NTP to bp for conveyance of Industrial RO 
Water. 

$9.4 

BPRO-03 New pump station at NTP to serve bp Industrial RO (assumes 4-
2,100 gpm pumps, in PS w/ BPN-04) 

$5.1 

CRWRF-01 Pipeline for bp Nitrified Water and LADWP Harbor demands from 
NTP to Carson City bndy 

$10.2 

CRWRF-02 Nitrified Treatment of Title 22 Water (Nitrified Water for LADWP 
Harbor Demand and Rhodia) 

$21.9 

NTP-03 Add new 3.1 mgd pump station at NTP to serve Dominguez Gap 
(Phase I + II) 

$2.5 

NTP-01 Land Acquisition of 4.5 ac near JWPCP for NTP $4.3 
NTP-04 New Pipeline from NTP to Dominguez Gap Barrier Blending 

Station for conveyance of Barrier Water. 
$10.4 

Total Cost $558.6 
Notes: 
(1) All numbers in this table are based on total demands and cost assumptions presented in the 

report dated April 3, 2009. This analysis was not updated with the revised peaking factors and unit 
cost assumptions, and should therefore be used for relative comparison purposed only. 

(2) See Chapter 5 for unit cost assumptions and markups and Chapter 9 for detailed CIP information.. 
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Table 8.28 Summary of Supply Alternatives 
Capital Implementation Master Plan 
West Basin Municipal Water District 

Description 

Supply 
from 

HWWTP(1,2)

Supply 
from 

JWPCP(1,2)
Capital Cost(2) 

($M) Option 
Supply from Hyperion Only 82,275 afy 0 afy $666.5 Option 1 
Partial Supplies from 
JWPCP 

64,684 afy 16,591 afy $639.0 Option 2 

$558.6 Option 3 Maximize Supply from 
JWPCP 

50,684 afy 31,591 afy 

Note: 
(1) On an average annual basis. Treatment in comparisons are sized for pre-treatment MMD supply 

levels. Pump stations in comparisons are sized for peak hour MDD levels. 
(2) All numbers in this table are based on total demands and cost assumptions presented in the 
 report dated April 3, 2009. This analysis was not updated with the revised peaking factors and 
unit  cost assumptions, and should therefore be used for relative comparison purposed only. 

 

Comparing the three supply options, this simplified analysis suggests that significant cost 
savings may be possible by maximizing the JWPCP as a secondary source. Some 
additional benefits include increased reliability and redundancy, as well as reduced long-
distance, large-diameter pipe construction through the urban areas in El Segundo and the 
South Bay. For conservative planning purposes, and due to the lower likelihood of service 
of the customers in Option 3, the CIP will be based on Option 2, partial supply from the 
JWPCP. 

8.4.2 Microfiltration and RO Train Replacement 

Based on the recommended alternative from the existing system analysis, membrane 
replacement is anticipated to be required every 5 years through the planning horizon. For 
planning purposes, it is assumed that replacement of 20 percent of the units will occur 
annually. Membrane replacement is included in the CIP for each treatment plant and costs 
are estimated based on the number of MF and RO units in each treatment plant.  

Replacement of MF and RO units for future treatment plants and expansions are assumed 
to not require replacement for five years following construction, after which it is assumed 
that replacement of 20 percent of the units will occur annually. 

8.4.3 Backup Power 

For analysis of backup power to West Basin’s facilities, three tiers of possible backup power 
are evaluated.  
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Three levels of backup power were identified: 

• Critical Customers: Provide sufficient backup power capacity to maintain service to 
critical industrial customers. This would most likely maintain backup power capacity of 
only a portion of each pump station, and possibly some treatment processes. This 
option would require individual evaluation of customers to determine their reliability 
and redundancy requirements. 

• Pump Stations and Potable Backup: Provide backup power to the pump stations 
and potable water feeds to the product water storage tanks upstream of the product 
water pump stations. For large connections, the potable water distribution systems 
and potable water connections would need to be evaluated for hydraulic capacity 
during backup power conditions. Required capacity for the Title 22 Product Water 
pump stations could be reduced, due to demands at EMWRF, CNF, and CRWRF 
being met by potable water connections instead of Title 22 water. 

• Entire Facilities: Provide backup power capacity for the entire connected load at 
each facility. This option would be the most expensive, but allow West Basin to 
maintain full capacity of all facilities in event of power loss. Possible methods for 
accomplishing this would be a dedicated power generation system for each facility, a 
connection to a separate electrical grid, or a dedicated connection to offsite 
generation facilities. If this option is selected, availability of supplies during power loss 
conditions should be evaluated. 

As detailed analysis of costs for these alternatives is beyond the scope of this study, it is 
recommended that these alternatives for each facility be evaluated through a separate 
study. West Basin staff indicated that such a study is currently underway for CRWRF, and a 
similar study is planned for ELWRF. Based on preliminary investigation by West Basin and 
discussions with West Basin staff, it is assumed in the CIP that backup power will be 
provided only to the product water pump stations with potable water backup. 

8.4.4 Storage 

Storage is currently provided at most of West Basin’s facilities. One reason for storage at 
each facility is to provide product water in event of treatment or supply loss for a long 
enough period of time to switch individual customer or treatment sites to potable water. 
Based on discussions with United Water staff, it is estimated that approximately 6 hours are 
required for United Water staff to perform the reconfiguration necessary to switch swivel-ell  
connections from recycled water sources to potable water sources. 

Based on this length of time, Table 8.29 presents recommended storage for each facility. 

June 2009 8-59 
pw://Carollo/Documents/Client/CA/WBMMD/8064A00/Deliverables/Final Report/Ch 08.doc 



 

 
Table 8.29 Storage Requirements by Facility 

Capital Implementation Master Plan 
West Basin Municipal Water District 

Facility or System 

Maximum 
Month 

Demand(1)

(mgd) 

Hours of 
Backup

(hrs) 

Storage 
Required

(MG) 

Existing 
Storage  

(MG) 

Recommended 
Additional 

Storage 
(MG) 

Chevron LPBF(1) 2.31 6 0.6 0.8 0.0 

Chevron HPBF(2) 3.16 6 0.8 1.2 0.0 

Chevron Nitrification(3) 
Facility 

6.51 6 1.6 0.4 0.0 

West Coast Barrier(4) 17.5 - - 0.4 - 

Title 22 Distribution 
System 

73.2 6 18.3 10.0 5.0(5)

Notes: 
(1) MMD at ultimate demand. 
(2) No additional storage recommended. It is assumed that this system can be backfed from the 

Barrier connection in event of a source water loss. 
(3) No storage recommended. It is assumed that this system can be served by a potable water 

connection in event of supply loss. 
(4) No storage recommended. It is assumed that this system can be served by the MWD connection 

at the blending station in event of a source water loss. 
(5) It is assumed that the potable water backup at CRWRF can eliminate some of the Title 22 

demand during periods of emergency, so only 5.0 MG of storage is recommended. 

 

8.5 FUTURE SYSTEM RECOMMENDATIONS SUMMARY 
The recommendations detailed in the Hydraulic Distribution Systems Analyses are 
summarized in Table 8.30. Detailed cost estimates for each of these recommendations are 
presented in Chapter 9. 

Recommendations within Table 8.30 are based on Scenario 7B, with Scenario 5B assumed 
to take place by 2020 and Scenario 7B by 2030. As such, the recommendations which are 
required for Scenario 7B but not for Scenario 5B are called out in the CIP separately. 
Treatment recommendations are not included in Table 8.30, but are included in the CIP. 
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Table 8.30 Future System Recommendations Summary 

Capital Implementation Master Plan 
West Basin Municipal Water District 

ID Recommendation System or Facility 
T22-20 Dyehouse Lateral Pump Station (3-250 

gpm pumps) 
Title-22 Distribution System 

T22-16 Palos Verdes Pump Station (4-1,000 
gpm pumps) 

Title-22 Distribution System 

T22-10 Anza Avenue Lateral Pump Station  
(3-500 gpm pumps) 

Title-22 Distribution System 

T22-26 Inglewood /LA Westside Pump Station 
(4-8,500 gpm pumps) 

Title-22 Distribution System 

Title-22 Distribution System T22-24 Anza Lateral Break Tank (resolving 
pressure problems in Redondo Beach 
area when they become significant; only 
anticipated if additional customers 
connected to Anza Lateral Phase II) 

- Detailed study to increase discharge 
pressure of Title 22 pump station at 
ELWRF to 105 psi. 

Title-22 Distribution System 

ELWRF-10, 
ELWRF-33 

Increase capacity of Title 22 pump 
station at ELWRF (to 8,000 hp for 
Scenario 5B, 12,000 hp for Scenario 
7B). 

Title-22 Distribution System 

T22-23 Modify pump station discharge 
configuration to isolate Title 22 pump 
stations from each other. 

Title-22 Distribution System 

ELWRF-15 Add backup potable connection to the 
Title 22 product water storage tanks. 

Title-22 Distribution System 

- Surge analysis of the Title 22 distribution 
system following modifications made to 
EMWRF and CRWRF to reduce surge 
effects. 

Title-22 Distribution System 

- A detailed study of the demands on the 
Title 22 pump station, including phased 
development, should be conducted in 
selecting the pumps and increase the 
discharge pressure to 105 psi. 

Title-22 Distribution System 

- Following incorporation of existing 
system water quality recommendations, 
water quality of the distribution system 
should be reevaluated. 

Title-22 Distribution System 
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Table 8.30 Future System Recommendations Summary 
Capital Implementation Master Plan 
West Basin Municipal Water District 

ID Recommendation System or Facility 
West Coast Barrier Water 

System 
BW-02 Field testing to determine the firm 

capacity of the pump station. Result 
should be used to determine 
improvements to the pump station. 
(Install variable frequency drives on the 
five existing pumps) 

West Coast Barrier Water 
System 

- Add an additional 1,750 gpm of pumping 
capacity to the West Coast Barrier pump 
station. (Replace one of the 1,750 gpm 
pumps with one 3,500 gpm pump). 
[Assumed to be included in lump sum 
treatment cost of BW-01.] 

BW-04 Replace the 20-inch diameter discharge 
piping and magnetic flowmeter with  
27-inch diameter pipe and meter 

West Coast Barrier Water 
System 

HPS-05 Add a 15,500 foot parallel 36-inch 
diameter pipeline to the 60-inch 
diameter pipeline, to meet Scenario 7B 
demands. 

Hyperion Secondary Effluent 
Pumping System 

Hyperion Secondary Effluent 
Pumping System 

HPS-01, HPS-06 Detailed design study to review the 
existing pump station modification for 
incorporation into the future facility. 
Increase the capacity of the pump 
station to meet future supply 
requirements (total of 7,000 hp for 
Scenario 5B, and 10,000 hp for 
Scenario 7B). 

- Update surge study for future system 
design conditions. 

Hyperion Secondary Effluent 
Pumping System 

Hyperion Secondary Effluent 
Pumping System 

HPS-03 Detailed design study of the system to 
formulate the most feasible means of 
meeting the criteria and providing supply 
reliability 

Chevron Low Pressure 
Boiler Feed System 

CL-02 Replace the three existing pumps with 
three new pumps with approximate 
rated conditions of 1,250 gpm, 196 feet 
TDH at 1,770 RPM. Driven by 100 HP 
VFDs 

ESPP-02 Serve El Segundo Power Plant with a 
12-inch diameter pipeline rather than a 
10-inch diameter pipeline. 

El Segundo Power Plant 
System 
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Table 8.30 Future System Recommendations Summary 
Capital Implementation Master Plan 
West Basin Municipal Water District 

ID Recommendation System or Facility 
ESPP-03 Add a PRV to the Chevron LPBF to 

accommodate higher pressures from the 
pumps 

El Segundo Power Plant 
System 

Chevron High Pressure 
Boiler Feed System 

CH-02 Add 595 gpm of pumping capacity 
(Replace the two existing pumps with 
two new pumps with approximate rated 
conditions of 2,500 gpm, 119 feet TDH 
at 1,180 RPM. Driven by 100 HP VFDs) 

Chevron Nitrified Water 
System 

CN-01 Preliminary design to add 1,564 gpm of 
pump station capacity. To make the 
maximum use out of the existing facility 
the future facility should have three 
identical duty and one standby pump, all 
operated by VFDs. (Replace pumps with 
4-2,100 gpm pumps) 

CNF-03 Investigate feasibility of placing the 
hydro generator / turbine in service. 
(Replace hydro generator / turbine) 

Chevron Nitrified Water 
System 

- Evaluate how to effectively increase 
discharge pressure of RO Trains at 
CRWRF. [Under Scenario 5A / 7A] 

CRWRF Brine Line 

- Apply for revised brine line permit 
accommodating increased flows [Under 
Scenario 5A / 7A] 

CRWRF Brine Line 

Note: 
(1) Alternatives to this recommendation are discussed in the text of the report. For conservative 

planning purposes, the alternative judged to be the most costly is listed here in parenthesis and 
included in the CIP. 
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