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Executive Summary 

WATER MASTER PLAN UPDATE 
This executive summary presents a brief background of the City of West Sacramento (City) 
water system, the need for this water system master plan, proposed improvements to 
mitigate existing capacity deficiencies, and proposed expansion improvements. A summary 
of the capital improvement program costs and Financial Analysis, through the buildout 
conditions of the General Plan (General Plan) as adopted in 2000 are presented at the end 
of this chapter. 

ES.1 STUDY OBJECTIVE 
Recognizing the importance of planning, developing, and financing water system facilities to 
provide reliable and enhanced service for the existing customers and to serve anticipated 
growth, the City initiated the preparation of this water system master planning study. 

The objective of the study included the following tasks: 

• Establish water system design and planning criteria 

• Evaluate the existing water distribution system using computer hydraulic modeling 

• Perform a demand analysis and review supply capacity 

• Perform a system-wide storage analysis 

• Review existing system and propose improvements to enhance system reliability 

• Recommend improvements needed to service anticipated growth 

• Develop a Metering Implementation Plan 

• Develop a Capital Improvement Program (CIP) for the buildout conditions of the 
General Plan 

• Develop a Financial Plan to fund the CIP 

ES.2 STUDY AREA 
The City is located in eastern Yolo County and borders the Sacramento River. The City is 
part of a four county metropolitan area that includes Yolo County, Sacramento County, and 
portions of Placer County and El Dorado County. The City limits extend from the 
Sacramento River and Tule Lake Road on the north, the Sacramento River on the east, 
Shangri-La Slough on the south, and the Yolo Bypass on the west. The City covers 
approximately 19 square miles with an estimated Year 2005 population of 38,000. For the 
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purpose of this Master Plan Report, the City’s service areas are divided into North area and 
Southport area. All the areas north of Barge Canal are in the North area and the areas 
south of Barge Canal are in the Southport area. 

ES.3 WATER SYSTEM OVERVIEW 
The City operates its own surface water treatment plant (Bryte Bend Water Treatment 
Plant), obtaining raw surface water from the Sacramento River. The surface water is treated 
to drinking water standards then distributed to the City customers through the water 
distribution system. During the course of this Master Plan, the efficiency of the water 
distribution system to convey water from Bryte Bend Water Treatment Plant (Bryte Bend 
WTP) to the customers throughout the City was evaluated. These evaluations were 
performed for the existing distribution system and the future distribution system when 
vacant land within the City is developed in accordance with the City’s General Plan.  

ES.4 WATER DEMANDS 
Water demands for the distribution system were developed for existing and ultimate 
buildout conditions. Water demands are a factor of land use type (i.e., residential, 
commercial, industrial). Ultimate buildout is when the City is developed in accordance with 
the General Plan. Water Demands for the existing system were based on historic water 
production data from the Bryte Bend WTP.  The average day demand for Year 2004 is 13.1 
mgd. The historic water production data for the Bryte Bend WTP from Year 1989 through 
Year 2004 is presented in Table ES.1. 

The ultimate buildout demands were based on the land use category and the average water 
usage by the customer type. Land use data was obtained from the City’s General Plan. The 
average water usage by each customer was established in the City’s previous water master 
plan. Land use types contained within the City include: residential, commercial, agricultural, 
industrial, and other.  

In order to perform a time-based hydraulic analysis, the City conducted a 24-Hour Demand 
Test. The results from this test were used to determine the water usage diurnal patterns for 
the time-based hydraulic analysis. The water usage pattern obtained during this test is 
indicated on Figure ES.1. 

ES.5 LAND USE AND PROJECTIONS  
The General Plan was used to determine land use categories within the City boundaries. 
The demands for ultimate buildout were established based on the land use category and 
corresponding demands of each land use category. The demand factors for each customer 
type were established in the previous water distribution system study reports and are  
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Note: Temperatures varied between 55 and 78 degrees during the test period. (June 8, 2004)
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Table ES.1 Demand Factors from Year 1989 through Year 2004 
Water Master Plan Update 
City of West Sacramento 

Year Average Day 
Demand (ADD) 

(mgd) 

Maximum Day 
Demand (MDD) 

(mgd) 

MDD Peaking 
Factor(1) 

1989 7.58 13.10 1.73 
1990 7.06 15.15 2.03 
1991 7.64 17.12 2.24 
1992 8.73 15.32 1.75 
1993 8.15 15.91 1.95 
1994 8.84 15.32 1.73 
1995 8.64 16.22 1.88 
1996 9.20 16.33 1.78 
1997 9.38 16.91 1.80 
1998 8.26 16.18 1.96 
1999 9.28 18.53 2.00 
2000 9.69 18.69 1.93 
2001 10.59 19.83 1.87 
2002 10.73 21.50 2.00 
2003 10.97 20.40 1.86 
2004 13.1 23.89 1.82 

Note:  
(1) Ratio of Maximum Day Demand to Average Day Demand = MDD/ADD 

presented in Table ES.2. These demand factors were used to determine the buildout 
demands within the City. 

Table ES.2 Demand Factors for Various Land Use Categories 
Water Master Plan Update 
City of West Sacramento  

Land Use Type Unit Demand Factor 

Single Family Residential 560 gpd/du 

Multi-Family Residential 290 gpd/du 

Commercial 2,950 gpd/acre 

Industrial 2,950 gpd/acre 

Schools 25 gpd/student 

Parks/Others 1,800 gpd/acre 
Note:  
(1) gpd = gallons per day; du = dwelling unit 
(2) Data is obtained from “December 1999 - Water Master Plan”. 

FINAL – May 2005  
H:\Final\West Sac_SAC\6954A00\Master Plan\Final\ES.doc 

ES-4



 

Based on the land use and the demand factors, the average day demand within the City for 
the ultimate buildout year is estimated at 26.0 mgd. 

ES.6 WATER DISTRIBUTION SYSTEM EVALUATION 
The City’s water supply, storage, and distribution facilities were evaluated based on the 
analysis and design criteria defined in this study. The developed criteria address the water 
supply capacity, storage capacity, acceptable service pressures, distribution system 
performance, average annual water demands, and daily and hourly peaking factors. 

H2ONet hydraulic modeling software was used in evaluating the capacity adequacy of the 
City’s water distribution system. Water distribution system hydraulic analysis is a powerful 
tool used in all aspects of water distribution planning, design, operation, management, 
emergency response, system reliability analysis, fire flow capacity analysis, as well as 
water quality simulations.  

ES.7 STORAGE REQUIREMENTS 
The principle function of storage is to provide a reserve supply of water for operational 
equalization, emergency needs, and fire events. Each storage type is described below: 

• Operational Storage: This storage is required to aid in the operation of the distribution 
system. Storing excess water produced during low demand periods and pumping this 
water back to the distribution system during high demand periods will result in an 
efficient operational procedure. Operational storage helps the City save on 
operational costs. 

• Emergency Storage: This storage is required to fulfill additional water needs in the 
event of an emergency. Emergencies cover a wide range of rare, but possible events, 
including: surface water contamination; treatment failure at the Bryte Bend WTP; High 
Service Pump Station failure; power outage; transmission pipeline rupture; 
earthquake; firestorm; etc. 

• Fire Storage: This storage is required to fulfill additional water needs in the event of a 
fire. If there is fire within the City, the storage from the reservoir closest to the fire will 
be used to extinguish the fire. 

Storage requirements increase with an increase in demands and with the growth within the 
distribution system. The storage requirements for the existing conditions and the ultimate 
buildout conditions are presented in Table ES.3 and Table ES.4.
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Table ES.3 Existing Storage Requirements and Deficits  
Water Master Plan Update 
City of West Sacramento 

Area  ADD
(mgd) 

MDD 
(mgd) 

Required 
Operational 

Storage (MG) 

Required 
Emergency 

Storage (MG) 

Required   Fire 
Storage (MG) 

Total Required 
Storage       

(MG) 

Existing 
Storage   

(MG) 

Storage 
Deficit     
(MG)          

(0.25xMDD) (0.5xMDD)  
North        8.7 17.4 4.3 8.7 2.4 15.4 15.4 0.0 
Southport        4.4 8.8 2.2 4.4 1.5 8.1 3.9 4.2 
Total 13.1        26.2 6.5 13.1 3.9 23.5 19.3 4.2
Notes: 

(1) ADD = Average Daily Demand 
(2) MDD = Maximum Day Demand 
(3) MG = Million Gallons 
(4) mgd = Million Gallons Per Day 
(5) Fire Suppression in North = 8,000 gpm for 5 hours = 2.4 MG 
(6) Fire Suppression in South = 5,000 gpm for 5 hours = 1.5 MG 

        

  

Table ES.4 Storage Requirements and Deficits at Buildout Conditions 
Water Master Plan Update 
City of West Sacramento 

Area 
ADD 

(mgd) 
MDD 
(mgd) 

Required 
Operational 

Storage (MG) 

Required 
Emergency 

Storage (MG) 
Required Fire 
Storage (MG) 

Total Required 
Storage (MG) 

Existing 
Storage (MG) 

Storage 
Deficit (MG) 

(0.25xMDD) (0.5xMDD)  

North       14.2 28.4 7.1 14.2 2.4 23.7 15.4 8.3 

Southport 11.8 23.6      5.9 11.8 1.5 19.2 3.9 15.3 

Total        26.0 52.0 13.0 26.0 3.9 42.9 19.3 23.6

        

 



 

ES.8 HYDRAULIC ANALYSIS 
Hydraulic analysis of the water distribution system was performed to determine the 
deficiencies within the distribution system. Deficiencies are defined as the distribution 
system facilities that are not sufficient to carry the required flows to the customers in the 
City. The deficiencies in the system are: 

• Pipeline Deficiencies: These deficiencies are existing pipes in the system that are not 
large enough to carry the required flows from the source to the customer within 
established velocity and pressure criteria. 

• Pumping Deficiencies: Pump stations are deficient when there are pressure problems 
and the pipeline leading to the deficient have sufficient capacity to deliver the flows.    

The analyses of the existing distribution system and buildout distribution system were 
performed using the H2ONet hydraulic model. The following distribution system analyses 
were performed for the City’s distribution system: 

ES.8.1 Existing Maximum Day Demand (EMDD) Hydraulic Analysis 

Existing maximum day demand (EMDD) is the condition when the system has the 
maximum day demands during the current year. The following analyses were performed for 
this scenario: 

• Existing Maximum Day Demand: This is the analysis of the distribution system during 
the maximum day of the current year (i.e., Year 2004) 

• Existing Maximum Day Demand with Commercial Fire Demand: This is the analysis 
of the distribution system during the maximum day of the current year with 
commercial fire flow demand in the North and Southport areas of the distribution 
system. Commercial fire demand is the amount of water required to extinguish the 
commercial fire as established in “March 2004 - Treated Water Storage Analysis”. 

• Existing Maximum Day Demand with Residential Fire Demand: This is the analysis of 
the distribution system during the maximum day of the current year with residential 
fire flow demand in the North and Southport areas of the distribution system. 
Residential fire demand is the amount of water required to extinguish the residential 
fire as established in “March 2004 - Treated Water Storage Analysis”.  

The flow from the Bryte Bend WTP High Service Pump Station (HSPS) during a 72-hour 
time-based analysis is indicated on Figure ES.2. The improvements required to eliminate 
the deficiencies in the existing distribution system based on the hydraulic analysis criteria 
are: 
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Figure ES.2  Existing Maximum Day Demand- Flow from
High Service Pump Station
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• 5,850 feet of 12-inch parallel pipeline towards the PSIP reservoir, this pipeline runs 
on West Capitol Avenue between the intersections of Harbor Boulevard and West 
Capitol Avenue to the intersection of West Capitol Avenue and Enterprise Boulevard 
and extends all the way to PSIP Reservoir on Enterprise Boulevard from the 
intersection of West Capitol Avenue and Enterprise Boulevard. 

• Replacing the existing pumps at the PSIP reservoir 

The existing system is performing efficiently with current demands except for the above 
improvements in the PSIP area. 

ES.8.2 Buildout Maximum Day Demand (BOMDD) Hydraulic Analysis  

The buildout maximum day demand (BOMDD) is the condition when the system has 
maximum day demands during the buildout year i.e., when the City is developed in 
accordance with the General Plan. The following analyses were performed for this scenario: 

• Buildout Maximum Day Demand: This is the analysis of the distribution system during 
the maximum day of the ultimate buildout year (i.e., Year 2020 as per Year 2000-
General Plan) 

• Buildout Maximum Day Demand with North Area Transmission Main Improvements: 
This is the analysis of the distribution system with maximum day demands during the 
ultimate buildout year with transmission main improvements in the North area and 
booster pumping improvements towards the Southport area. 

• Buildout Maximum day Demand with Industrial Fire Demands in the North Area: This 
is the analysis of the distribution system with maximum day demands during the 
ultimate buildout year with transmission main improvements in the North area and 
booster pumping improvements towards the Southport area. An industrial fire 
demand is allocated to the PSIP area. 

The flow from the Bryte Bend WTP-High Service Pump Station (HSPS) during 72-hour 
time-based analysis is indicated on Figure ES.3. The improvements required to eliminate 
the deficiencies in the existing distribution system based on the hydraulic analysis criteria 
are: 

• 6,200 feet of parallel 16-inch pipeline towards the PSIP reservoir. This pipeline runs 
through the following intersections: 
% From the intersection of West Capitol Avenue and Harbor Boulevard to the 

intersection of West Capitol Avenue and Enterprise Boulevard on West Capitol 
Avenue. 
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Figure ES.3  Buildout Maximum Day Demand-
Flow from HSPS and ILBPS

P316- High Service Pump
Station (HSPS)

P182- In-Line Booster
Pump Station (ILBPS)
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% From the intersection of West Capitol Avenue and Enterprise Boulevard to the 
intersection of Seaport Boulevard and Enterprise Boulevard on Enterprise 
Boulevard. 
 
This improvement supercedes the improvement recommended in EMDD 
conditions. 

• An In-line Booster Pump Station (ILBPS) at the Barge Canal. This is the most cost-
effective and constructible option to boost water from the North area to the Southport 
area. The ILBPS option will eliminate the need for transmission main improvements 
that run for miles and costs much more than the ILBPS. In addition, the ILBPS option 
will eliminate the new pipeline crossing the Barge Canal. Since construction across 
the Barge Canal will be difficult and the future pipe maintenance will be highly 
complicated, the ILBPS option eliminates those issues and will create a separate 
pressure zone in Southport area. This provides the operations staff with greater 
flexibility, i.e., the operations staff can turn-on and turn-off the pumps based on the 
demand and pressure requirements in the Southport area. 

• New storage reservoirs required per water storage criteria. 

• 5,500 feet of 24-inch parallel pipeline on Maryland Avenue or Virginia Avenue.  

• Other improvements related to the new developments. 

The ultimate buildout system needs numerous improvements for efficient performance of 
the distribution system. The transmission main improvements and storage reservoir 
improvements are indicated on Figures ES.4 and ES.5 respectively. 

ES.9 METER IMPLEMENTATION PLAN 
Assembly Bill No. 514 (AB 514) became law in 2003 and promulgated that all Central 
Valley Project (CVP) municipal contractors are required to install water meters on all 
residential and commercial services constructed prior to 1992. Note that all homes 
constructed after 1992 already have meters or meter boxes based on prior legislation. 

The City is required to: 

• Install water meters on all service connections to residential and commercial buildings 
constructed prior to January 1992, no later than January 1, 2013. 

• Begin charging all customers for water based on actual volume used, commencing no 
later than March 1, 2013. 

The City currently has partial metering infrastructure in-place. Most of the metering 
infrastructure was performed in the Southport area of the City. There are 10,277-meter  
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installations that need to be completed as part of the meter implementation plan. The 
following metering infrastructure needs to completed by January 1, 2013: 

• Installation of a transmitter only (3,524 services) 

• Installation of a meter and transmitter at locations where mains have been replaced 
(1,564 services) 

• Replacement of pre-1997 meters with radio-read meter and transmitter, (883 
services) 

The remaining 4,306 services (10,277 minus services listed above), will require either: 

• Installation of a meter box, meter, and transmitter, or 

• Installation of a meter and transmitter after installation of the services and meter box 
with main replacement projects 

For a smooth completion of the meter implementation plan, a public outreach plan should 
be prepared. The public outreach plan will help in implementing this plan without 
interruption by providing a first-hand description of the benefits of the meter implementation 
plan to water usage customers within the City. 

The meter implementation plan is targeted to conserve water and save the energy 
associated with treating and distributing that water. Water conservation will also help 
preserve the natural water resources during drought periods.  

ES.10 CAPITAL IMPROVEMENT PROGRAM (CIP) 
The Capital Improvements Program (CIP) describes all the improvements required within 
the City’s distribution system between now (Year 2005) and ultimate buildout year (Year 
2020). The planning period for this Master Plan Update and Capital Improvement Program 
are from Fiscal Year (FY) 2005-06 through FY 2019-20, and is divided into three time 
periods. These time periods are: 

• FY 2005-06 to FY 2009-10 

• FY 2010-11 to FY 2014-15 

• FY 2015-16 to FY 2019-20 

The various type of improvements required during the above-described time-periods are: 
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ES.10.1 Transmission Main (T-main) Improvements 

These are the improvements required to transmit water from treatment source to 
customers. The T-mains are the larger pipelines in the system, generally 12-inches and 
larger. There are several T-main improvements recommended within the distribution 
system during the planning period. Some of the T-main improvements are to resolve 
deficiencies within the existing distribution system. The majority of the T-main 
improvements are to accommodate the growth within the distribution system.  

The costs for T-main improvements associated with various time-periods and the total costs 
for the planning period are indicated on Figure ES.6.  

ES.10.2 Reservoir and Pump Station Improvements 

Reservoir and pump station improvements enhance the distribution system operation and 
increase the flexibility of the system operation. Reservoirs store water during the low 
demand periods and deliver water during the high demand periods. Pumps are required to 
boost the water into the system to desired pressures as all reservoirs within the City are 
surface reservoirs (located below the hydraulic grade line). The reservoirs also supplement 
the distribution system in case of emergency and fire situations. Every reservoir must be 
accompanied with a properly sized pump station in order to boost water into the distribution 
system. 

The costs for reservoir and pump station improvements associated with various time-
periods and the total costs for the planning period are indicated on Figure ES.6.  

ES.10.3 Water Main Replacement Projects  

Previous City Master Plans have identified a program of replacing older pipelines that have 
a history of leaks or are constructed of uncoated or unlined steel pipe. The 1994 Water 
Master Plan identified approximately 120,000 feet of pipe for replacement under this 
program. At present, the program is driven by the City’s aggressive road rehabilitation 
program, which includes numerous streets throughout the older portions of the City. In 
order to avoid trenching in newly paved streets, which can adversely affect the service life, 
the City needs to complete pipeline replacements on these streets prior to pavement 
rehabilitation. In order to accomplish this, the proposed water main replacement Capital 
Improvement Program is directly aligned with the City road rehabilitation program. 
Replacement of old, inadequate pipes is funded through water rate revenues. 

The costs for water main replacement projects associated with various time-periods and the 
total costs for the planning period are indicated on Figure ES.6. 

ES.10.4 Metering Implementation Plan 

The meter implementation plan should be implemented by the beginning of Year 2013. 
Section ES.8 briefly describes the meter implementation plan. Since all the improvements 
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Note: (1) Out of $2,534,500 for FY 2005-06, $331,500 is already spent during FY 2004-05.

H:\Client\Westsac_Sac\6954a00\Cost Estimates\Preliminary Cost Estimates(1).xls
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Figure  ES.6  Cost Comparison During Various Time Periods
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 under this plan are for existing customers, existing rate payers should pay all the costs. 

The costs for the meter implementation plan associated with various time-periods and the 
total costs for the planning period are shown on Figure ES.6. 

ES.10.5 Operational Improvements 

Operational improvements have been identified by the City Staff and Carollo that will 
improve the operations of the distribution system and thus help the City in saving energy 
and operational costs. These improvements also include the improvements recommended 
by the Vulnerability Assessment of the City’s water system. 

The costs for operational improvements associated with various time-periods and the total 
costs for the planning period are indicated on Figure ES.6. 

ES.11 FINANCIAL ANALYSIS  
The water master plan update also involved financial analysis, which includes development 
of a 15-year financial plan, water rate recommendations for a 5-year period, and an update 
to the City’s water system impact fees.  The financial analysis is presented in Chapter 9 of 
this report. 

The 15-year financial plan is intended to serve as a planning and management tool to assist 
the City in evaluating the current, near-term, and potential long-term implications of 
decisions and actions affecting the water utility.  The water utility was found to be in 
generally sound financial condition at present.  However, water rates currently do not 
adequately support ongoing capital rehabilitation and upgrade costs as reflected in the CIP.  
Near-term capital improvement costs that are appropriately borne by rate payers primarily 
include water main replacements (associated with Measure K street improvements) and the 
meter retrofit program. 

Proposed water rates include annual increases of 5 percent or less for the next five years, 
and do not include significant rate structure changes.  Metered rates appropriate for single 
family residential customers should be addressed as the City further develops its meter 
retrofit strategy.  Water system impact fees have been updated with a recommended 3.2 
percent increase to the current fees. 

Details of the financial analyses, water rate recommendations, and water system impact fee 
recommendations can be found in Chapter 9 of this report. 
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Chapter 1 

INTRODUCTION 

1.1 INTRODUCTION TO STUDY AREA 
The City of West Sacramento (City) is located in eastern Yolo County and borders the 
Sacramento River. The City is part of a four county metropolitan area that includes Yolo 
County, Sacramento County, and portions of Placer County and El Dorado County. The 
City limits extend from the Sacramento River and Tule Lake Road on the north, the 
Sacramento River on the east, Shangri-La Slough on the south, and the Yolo Bypass on 
the west. The study area comprises all of the existing and future developments within the 
City boundaries. The City covers approximately 19 square miles with an estimated Year 
2005 population of 38,000. Lands north of the Barge Canal are considered the North area, 
including Broderick and Bryte, which are older, well-established neighborhoods. Lands 
south of the Barge Canal are considered the Southport area. 

The North area includes a mix of residential, commercial, and industrial development. 
There is a large industrial development located in the southwestern portion of the North 
area that has high fire protection demands. The current residential and commercial 
developments will grow with the addition of three new developments. The Rivers, a 
residential community planned for the northern tip of the City, will add housing and 
residents to the community. Commercial development and the addition of office space in 
the North Area will increase in the near future with the addition of the Triangle and Pioneer 
Bluff developments. These developments, as well as more industrial growth, will 
substantially raise the future water demands for the North area.  

The Southport area is expanding rapidly with the addition of several new housing 
developments including: Bridgeway Lakes with 1,300 new homes, Newport Estates with 
860 new homes, and the soon to be developed PAIK and Richland Communities adding 
several thousand new homes. The Southport Area is also growing in its industrial 
development with 14,544,00 square feet of industrial space, increasing the fire protection 
demands. With the abundant growth in the Southport Area, the water demands in this 
region will increase substantially. 

The Study Area of this Master Plan is indicated on Figure 1.1. 
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1.2 BACKGROUND INFORMATION 
The City serves treated surface water to various customers within the City limits. The water 
is diverted from the Sacramento River through an intake structure to the Bryte Bend Water 
Treatment Plant (Bryte Bend WTP). At this location water is treated before it is pumped to 
customers and reservoirs via the distribution system.  

The City supplies water to various land use categories such as residential, commercial, 
industrial, schools, parks, sports arena, etc. The primary source of water supply is diverted 
from the Sacramento River. Although there are old groundwater sources, the City intends to 
permanently abandon them for water quality reasons. 

The purpose of this Master Plan Report is to evaluate the existing system, define required 
improvements, and propose new infrastructure to support the City’s projected growth in the 
future. The City is currently growing at a rapid pace and the existing facilities need to be 
evaluated for their ability to supply water for the projected growth in the City’s Year 2000-
General Plan (General Plan). A summary of major growth areas within the City is indicated 
on Figure 1.2.  This Master Plan Report also presents the results and findings from 
hydraulic modeling evaluations, field visits, and meetings with City staff. The following 
reports and sources are utilized to establish the criteria listed in the report: 

• December 1994 - Water Master Plan 

• December 13, 2000 (Revised July 31, 2002) - Urban Water Management Plan 

• October 24, 2003 (updated March 8, 2004) - Treated Water Storage Analysis 

• Year 2002 and Year 2003 - Production and Cost Analysis Data from the City 

• Water production data from City (through email from the City on 05/03/2004) 

• Field visits of City facilities 

• Meetings with City staff 

The criteria for the evaluation of the existing distribution system and the future scenarios 
are presented in the following sections. A schematic of the existing distribution system, 
including water reservoirs, is indicated on Figure 1.3. The study area consists of the entire 
area within the City boundaries. 
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Figure 1.3 Existing Distribution System 
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The tasks that were performed in order to evaluate the existing facilities and develop a 
comprehensive Capital Improvement Program (CIP) are presented below. 

• Demands and Demand Patterns: Demands for existing and UBO systems were 
established from City data. The diurnal demand pattern was established from actual 
operational data from the distribution system. 

• Storage: Storage criteria and requirements were established based on the demands 
in the system. 

• Hydraulic Analysis: Hydraulic Analyses was performed based on the demands and 
storage requirements within the distribution system. 

• Capital Improvement Program (CIP): CIP was performed to estimate the costs and 
schedule of the projects that are required to improve the performance of the City’s 
distribution system. 

• Metering Implementation Plan: A Metering Implementation Plan was developed as a 
part of this project. 

• Financial Analysis: Based on the CIP, the financial analysis will determine the water 
rate and impact fee changes.  

The above tasks and distribution system evaluation are described in detail in the following 
chapters. 



Chapter 2 

WATER DEMANDS 
Carollo Engineers (Carollo) reviewed historical demands from various reports and water 
production data from the City’s Bryte Bend WTP. Water production data from the previous 
four years was compared to determine the average daily demand (ADD) and maximum 
daily demand (MDD) for existing conditions. Land use data was used to develop future 
demand projections. Carollo used Geographic Information System (GIS) software to 
determine the UBO demands using the City’s General Plan land use data. 

2.1 CRITERIA FOR DEVELOPING DEMANDS 
The demands within a distribution system reflect the amount of water usage within the 
system plus distribution system losses. The demands within the distribution system vary 
from day to day, month to month, and year to year. The common practice is to design 
distribution system transmission and storage facilities for MDD conditions and check the 
validity of the design utilizing peak hour demand and fire demand conditions.  

Since the distribution system is designed to handle MDD conditions, the performance of the 
system will be more efficient during these conditions than any other demand condition. 
Reservoirs provide storage for emergency conditions when demands are higher than the 
MDD conditions.  

2.1.1 Existing Conditions 

The existing ADD and MDD are obtained from the historical flow data at Bryte Bend WTP. 
The City provided the water production data from the Bryte Bend WTP for the past four 
years. The following are the criteria for establishing existing demands in the system is listed 
below: 

• ADD is the average day production from Bryte Bend WTP for the Year 2004. Year 
2004 is used as the Existing Year because it is the last year with complete production 
data. The ADD for each month from Year 2001 through Year 2004 is indicated on 
Figure 2.1. The ADD for Year 2004 is 13.2 million gallons per day (mgd), which is 20 
percent higher than Year 2003 production. Reasons for this increase include: New 
developments in Southport, establishing new landscaping and lawns in Southport, 
higher pressures at the improved High Service Pump Station (HSPS), and a very dry 
and warm spring. 

• MDD is the maximum daily production from Bryte Bend WTP. Ratios of MDD to ADD 
were reviewed for the previous twelve years to determine an appropriate peaking 
factor. 
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DRAFT

Note: Based on Water Production Data from Bryte Bend Water Treatment Plant, provided by the City.
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Figure 2.1  Monthly Average Daily Demands
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• Peak Hourly Demand (PHD) was previously determined by multiplying the ADD with a 
peaking factor. Carollo recommends that the results of the distribution system’s 24-
Hour Demand Test be used to determine an appropriate peak hour to daily average 
peaking factor. 

2.1.2 Demand Pattern 

The demand pattern for the City’s distribution system has not been previously established. 
The City performed a 24-Hour Demand Test on June 8, 2004. The ratio of hourly demand 
to the average demand during the 24-hour period was used to establish the hourly demand 
pattern in the dynamic hydraulic analysis. Dynamic modeling of the system was evaluated 
over a 72-hour period (Extended Period Simulation feature of the H20Net software), which 
provided valuable information on storage reservoir and pump station operation. 

A protocol for the 24-Hour Demand Test was submitted to the City and a copy of the 
protocol is presented in Appendix B of this report. The following criteria was used for the 
24-Hour Demand Test: 

• Only facilities with accurate reading instruments are used during the testing. 

• Only the High Service Pump Station (HSPS) and Carlin Reservoir Pump Station are 
operating during the test period. These facilities have flow meters for measuring 
discharge flows. 

Only Carlin Reservoir was operating during the testing, for all other reservoirs the inlet and 
outlet valves were closed during the test period. 

The demand pattern during the 24-Hour Demand Test is indicated on Figure 2.2. The 
following observations were made from the test: 

• On the test date, the average of demands during the peak hour is approximately 20.9 
mgd, average of demands during the low demand hour is 15.3 mgd, and average 
demand during the 24-hour period is 17.8 mgd. 

• The demand pattern for the City during the test day was relatively flat and does not 
indicate extreme high or low demand hours during a day. The high percentage of 
commercial and industrial land use with their higher mid-day demands balance with 
the higher night-time household lawn irrigation demands so that there are no high 
peaks or low troughs in the daily demand pattern. 

• The ratio of PHD to the daily demand for the day did not exceed 1.20. 

• This demand pattern indicates that if the HSPS continuously pump the average flow 
for the day, the reservoirs only need to be used minimally.  
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Note: Temperatures varied between 55 and 78 degrees during the test period. (June 8, 2004)
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Figure 2.2  Demand Pattern during 24-Hour Demand Test

                  Water Master Plan Update

                  City of West Sacramento

1.15 1.18

0.00

1.00

2.00

0 4 8 12 16 20 24

Hours

F
a
c
to

r 
(D

e
m

a
n
d
/A

v
g
. 
D

e
m

a
n
d
 f
o
r 
th

e
 D

a
y
)

BBWTP Flow

Average Flow for 

the Day= 17.8 mgd



The same demand pattern and peaking factors were used for the hydraulic analysis of the 
buildout demand conditions. 

Carollo assumes that the City’s demand pattern does not vary much from the demand 
pattern observed during the 24-Hour Demand Test. This test was performed on a weekday 
when offices and schools were functioning. The demand pattern during the weekends and 
on holidays varies from the pattern observed during this test. 

The demand pattern obtained from this test was extended for 72-hours and used for the 
distribution system evaluation. All the results of the hydraulic analysis are based on this 
demand pattern and other storage requirements and are described in the following 
chapters. 

2.2 FUTURE CONDITIONS 
Future conditions are considered to be the conditions when the City’s service area is 100 
percent developed. Carollo determined the future demands based on the land use data 
provided in the General Plan. The following are the criteria for establishing the future 
demands within the distribution system: 

• ADD is the demand associated with the number of developed dwelling units (du) 
multiplied by the demand factor of each du developed in the City’s previous reports 
as listed in Chapter 1 of this report. The demands for the commercial, industrial, and 
agriculture will be established based on the area. The ADD based on the City’s 
General Plan buildout land use data is 26.0 mgd. 

• MDD is the demand that is obtained by multiplying the ADD by the maximum day 
peaking factor. The peaking factor that will be used to establish the MDD from ADD is 
2.0. The MDD for the buildout is 52.0 mgd.  

• PHD is obtained by multiplying the MDD with the highest hourly factor based on the 
24-Hour demand testing of the distribution system. See page 2-8 for PHD factors. 

Future demands are established based on the assumption that the City’s current zoning 
land use information is a valid projection of buildout conditions. The City plans to update its 
General Plan in 2005. Any densification of residential land use or conversion of agricultural 
land use to residential land use will increase the buildout demands projected here. 

The comparison of ADD and MDD between the existing distribution system and buildout 
distribution system is indicated on Figure 2.3. 
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Figure 2.3 Comparison of Existing and Future Demands
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2.2.1 Fire Flows 

Fire flows presented in the March 8, 2004 - Treated Water Storage Analysis Technical 
Memorandum were used for the current analysis. The fire demands were applied at certain 
locations during the hydraulic analysis. The fire was spread to two or three nodes in an area 
in order to match the actual conditions in the event of a fire, i.e., the water will be pulled 
from various fire hydrants instead of a single fire hydrant in the event of a fire.  

2.3 CRITERIA FOR DEVELOPING PEAKING FACTORS 
The demands in a distribution system vary from time to time. In order to establish demand 
factors for the system, Carollo verified the City’s historical data from Year 1989 through 
Year 2004. The ADD, the MDD, and the ratio of MDD to ADD (MDD/ADD) are presented in 
Table 2.1. 

Table 2.1 Demand Factors from Year 1989 through Year 2004 
Water Master Plan Update 
City of West Sacramento 

Year Average Day 
Demand (ADD) 

(mgd) 

Maximum Day 
Demand (MDD) 

(mgd) 

Ratio of MDD to 
ADD 

1989 7.58 13.10 1.73 

1990 7.06 15.15 2.03 

1991 7.64 17.12 2.24 
1992 8.73 15.32 1.75 

1993 8.15 15.91 1.95 

1994 8.84 15.32 1.73 

1995 8.64 16.22 1.88 

1996 9.20 16.33 1.78 

1997 9.38 16.91 1.80 

1998 8.26 16.18 1.96 

1999 9.28 18.53 2.00 

2000 9.69 18.69 1.93 

2001 10.59 19.83 1.87 

2002 10.73 21.50 2.00 

2003 10.97 20.40 1.86 

2004 13.1 23.89 1.82 

Note: Ratio of Maximum Day Demand to Average Day Demand = MDD/ADD 
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Based on the data from the table, the City decided to use a value of 2.0 as a Ratio of MDD 
to ADD. From the historic data, Carollo believes that the previously used peaking factor of 
2.2 is 10 percent more conservative than the historically observed values. Using a higher 
peaking factor will result in over designing storage reservoirs and transmission pipelines. 

A graphical representation of the above data is presented in Figure 2.4. The figure 
illustrates that the variance between MDD and ADD during the month of July is only 25 
percent during the past 11 Years. 

In the previous master planning efforts, the City used a ratio of PHD to MDD of 1.82 (i.e., 
4.0/2.2), where 4.0 is the ratio of PHD to ADD and 2.2 is the ratio of MDD to ADD. From the 
24-Hour Demand Test (described in detail in Section 2.1.2) the ratio PHD to the MDD 
(during the test) is only 1.18. This ratio of 1.18 is much less than the 1.82 ratio. Carollo 
recommends using a factor between 1.25 to 1.35, which: is much lower than the previously 
assumed value of 1.82, and is higher than the observed value of 1.18 

As a conservative approach, Carollo recommends a peaking factor of 2.0 MDD/ADD be 
used, and a 1.35 PHD to MDD peaking factor.  
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Note: MDD- Maximum Daily Demand; ADD- Average Daily Demand.

H:\Client\WestSac_Sac\6954A.00\Data Check\July Summary.xls

Comparison Graph

Figure 2.4  Demand Factors from Year 1989 through Year 2004
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Chapter 3 

LAND USE DATA AND PROJECTIONS 

3.1 LAND USE DATA AND PROJECTIONS 
The City provided Carollo with a zoning map and land use data. The zoning map is an 
update of the land uses described in the City’s General Plan. Carollo used this land use 
data to develop buildout demands. Buildout is defined as the condition when all the land 
within the City’s boundaries is fully developed to their currently zoned land use. Buildout, 
based on City planners’ projections, is assumed to occur in the Year 2020. Buildout 
demands were used to size the transmission mains (T-mains) and overall storage facilities. 
Carollo also used land use density factors provided by the City’s Planning Division to 
develop the buildout demands within the City. 

In order to develop the future demands, the data and information from the following 
documents were utilized: 

• Unit Demand Factors from December 1994 - Water Master Plan 

• Land Use Density Factors from City’s Year 2000 General Plan 

• Triangle Area Specific Plan (1993) 

• Pioneer Bluff Land Use Map 

• Urban Water Management Plan (July 2002) 

The City’s zoning map was used to calculate the area of each land use. By applying the 
densities and the demand factors to these land use categories, the total demands for the 
buildout conditions were calculated. The land use densities for various land use categories 
and the relative unit demand factors are presented in Table 3.1 and Table 3.2 respectively. 
This information was provided by the City and unit demand factors are consistent with the 
City’s current Urban Water Management Plan. The land use densities vary slightly between 
the existing and the buildout year since the City plans to densify existing and future 
developments. 

Carollo considers these land use densities currently used by the City’s planning staff to be 
accurate projections of buildout conditions. Demand factors are similar to those used by 
other local water agencies. 

Carollo used GIS software to calculate the areas of each land use categories.  
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Table 3.1  Densities for various Land Use Categories

                   Water Master Plan Update

                  City of West Sacramento

Type of Land Use Designation

Estimated 

Average Density 

Current

Projected Average 

Density at Buildout

Minimum Maximum Units/Acre Units/Acre

Units/Acre Units/Acre

Agricultural Zones

Agricultural General A-1 0 0

Residential

Rural Estate RE 0 0.4 0.32 0.32

Rural Residential RRA 0.5 1 0.8 0.8

Residential Single Family R-1-A 1.1 5 4.2 4.2

R-1-B 1.1 5 4.2 4.5

Residential Single- Family or Multi-Family R-2 5.1 12 6 9.6

Multiple- Family Residential R-3 12.1 25 15 20

Apartment R-4 25.1 50 - 40

Commercial

Neighborhood Commercial C-1 0 0.33 - -

Community Commercial C-2 5.1 12 11 9.6

Highway Service Commercial C-H 0 0.5 0 0

Commercial-Water Related C-W ------ ------ ------ ------

General Commercial C-3 ------ ------ ------ ------

Professional Office P-O ------ ------ ------ ------

Business Park B-P ------ ------ ------ ------

Industrial

Limited Industrial M-L ------ ------ ------ ------

Light Industrial M-1 ------ ------ ------ ------

Heavy Industrial M-2 ------ ------ ------ ------

Waterfront Industrial M-3 ------ ------ ------ ------

Other Zones

Central Business District CBD ------ ------ ------ ------

Waterfront
(1)

WF 25.1 50 ------ ------

Public Quasi-Public PQP ------ ------ ------ ------

Recreation and Parks RP ------ ------ ------ ------

Public Open Space POS ------ ------ ------ ------

Special Study Area SS ------ ------ ------ ------

Planned Development Overlay PD ------ ------ ------ ------

Mixed Use
(1)

MU 5.1 25 ------ ------

Notes:

(1) The Floor Area Ratio (FAR) for offices shall not exceed 10 and for other users FAR shall not exceed 3.

(2) The "------" cells indicate the cells with indeterminate data.

Density Range

H:\Client\WestSac_Sac\6954A.00\Data Check\Density.xls.

Sheet1



 

Table 3.2 Demand Factors for Various Land Use Categories 
Water Master Plan Update 
City of West Sacramento  

Land Use Type Unit Demand Factor(2) 

Single Family Residential 560 gpd/du(1) 

Multi-Family Residential 290 gpd/du 

Commercial 2,950 gpd/acre 

Industrial 2,950 gpd/acre 

Schools 25 gpd/student 

Parks/Others 1,800 gpd/acre 

Note:  

(1) gpd = gallons per day; du = dwelling unit 

(2) Data was obtained from previous reports as listed in Chapter 1. 

The following procedure was used to calculate the areas of various land use categories: 

• Area polygons are drawn around each land use category using the GIS software. The 
software then calculates the respective area of each land use category. Figure 3.1 
indicates area polygons covering various land use categories. Existing developments 
in the Southport area are also indicated on the figure. 

• The demand distribution was completed after overlaying the land use layer over the 
hydraulic model in the GIS program. 

• ArcMap Version 8.3 GIS software used the polygons to calculate the areas of various 
land use categories. The “Area and Demand Summary” Table indicating areas of 
various land use categories and corresponding demands is in Appendix C. The ADD 
for buildout is estimated at 26.0 mgd based on the land use area calculation. This is 
very close to 26.3 mgd (MDD/2.2) presented in the March 8, 2004 Treated Water 
Storage Analysis Technical Memorandum. 

From the areas indicated on Figure 3.1, calculated existing ADD in the Southport area is 
4.03 mgd, whereas it is reported as 2.0 mgd in the March 8, 2004 - Treated Water Storage 
Analysis Technical Memorandum. This difference may be attributed to high home 
occupancy rates in the past four years, whereas the technical memorandum refers to 1999 
land use data. Also, as a substantial portion of the Bridgeway Lakes I development was 
occupied by the end of 2004, Southport’s ADD is estimated to increase to 4.4 mgd. 
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The land use category “Water Front” does not have any fixed land use density or demand 
factors. Therefore, the following assumptions were made in the Water Front land use areas 
in order to calculate the total demand within the City: 

• The ADD within The Rivers is 0.60 mgd based on 430 detached and 900 single family 
attached residences plus 30 acres of irrigated park/open space. 

• The ADD for Pioneer Bluff is 0.89 mgd from Sacramento Riverfront Master Plan land 
use map and the land use densities provided by the City. A detailed demand 
calculation for this area is presented in “Pioneer Bluff - Projected Land Use and 
Demands” Table in Appendix C. 

• The ADD for the Triangle Area is 1.63 mgd based on the West Sacramento Triangle - 
A Specific Plan for the Development of Downtown West Sacramento (Adopted June 
30, 1993).  

From the above assumptions and from the land use demand calculations, the total ADD for 
the City during the buildout year was projected to be 26.0 mgd. A summary of demands 
within the City for the buildout year is presented in Table 3.3. A demand comparison 
between the buildout average day demands between the North Area and the Southport 
Area is indicated on Figure 3.2.  

Table 3.3 Summary of Buildout Demands within the City 
Water Master Plan Update 
City of West Sacramento 

Service Area Type of Land Use Total Demand (mgd) 

Triangle Area Water Front 1.63 (1) 

The Rivers Water Front 0.60 (2) 

Pioneer Bluff Water Front 0.89 (2) 

Rest of the City  Various 22.9 

Total Demand  26.0 

Notes: 

(1) From June 30, 1993 adopted Triangle Specific Plan. 

(2) Based on the calculations from the City provided land use data. The calculation is presented 
in Appendix C of this report. 

Conservation measures, including water metering with commodity pricing of all new and 
existing residential customers, will lower unit and overall demands.  

ADD at buildout for areas of the City within the North Delta Water Agency (NDWA) is 23.1 
mgd. The demand in areas north of the NDWA boundary is 2.9 mgd. 
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Chapter 4 

DISTRIBUTION SYSTEM 
Carollo performed the hydraulic analysis of the existing and buildout year (Year 2020) 
distribution system using H20Net hydraulic modeling software. The City provided the base 
map of the pipe network and previous distribution system hydraulic model. The previous 
hydraulic model is a steady state model, with demands distributed throughout the system. 

The distribution system consists of all T-mains and large diameter distribution mains. Pipes 
6-inches in diameter or smaller were not included in the model unless the pipe bridges 
between two large pipes. A hydraulic model distribution system consists of five basic 
elements in order to synchronize the model with the actual distribution system. These basic 
elements are: 

• Tanks (or) Reservoirs: These elements supply water into the distribution system and 
includes the clearwells at the Bryte Bend WTP. Without these elements, there will be 
no water supply into the distribution system, and the model with water demands will 
not work. Therefore, it is important to model the tanks or reservoirs appropriately and 
consistently to reflect normal operations and to provide water into the distribution 
system. 

• Nodes: These elements represent intersections of pipeline network and provide 
ground elevations of various locations within the distribution system. Nodes are 
essential elements in the creation of the distribution system network. 

• Pipes: These elements connect all the other elements within the distribution system 
in order to transmit water from one location to the other. Only the larger pipelines are 
included in the model, the smaller pipes are generally not included unless these pipes 
have significant impacts on the results. 

• Pumps: These elements supply water from tanks or reservoirs to boost pressure into 
the distribution system and include the HSPS at the Bryte Bend WTP. The pumps in 
the model reflect the actual pump characteristics, as actual pump curves were 
incorporated. 

• Valves: These elements reflect the actual field valves. The valves that are used in 
the model reflect the actual field equipment including: Pressure Reducing Valves 
(PRV), check valve, altitude valve, etc. The valve settings inputs are adjusted to 
reflect the valve’s actual field conditions. 

The settings and the properties of all the above elements were reviewed in order to 
synchronize the model with the actual field conditions. 
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4.1 PREVIOUS MODEL VERSUS BASE MAP 
Carollo reviewed the distribution system and identified the following differences between 
the actual base map and the model provided to us that affect the results of the hydraulic 
analysis: 

• Suction and discharge pipelines near the pumps in the distribution system were set 
99-inch in diameter and one foot in length, with no minor loss coefficient associated 
with these pipes. Carollo changed these pipe conditions in the model to the actual 
field conditions of the pipes, based on the information provided by the City. 

• The pump configuration at the HSPS in the original model is different from the actual 
field conditions. The configuration in the model was changed based on the actual field 
conditions. 

• Some of the more recent developments in the Southport Area, including, Bridgeway 
Lakes I, are not included in the original model. These new developments were added 
to the model. 

• Carollo performed a thorough check of the model and the existing distribution system 
and identified some pipelines that are missing in the model. Carollo added these 
pipelines to the model. 

• In order to perform dynamic or extended period analysis, a demand pattern must be 
assigned to all the demand nodes within the distribution system. The demand pattern 
obtained from the 24-Hour Demand Test was used in the model. This pattern is 
essential to convert the existing steady state model into a dynamic or an extended 
period model. 

• All storage tanks were modeled as unlimited volume reservoirs in the original steady 
state model. These reservoirs were changed to limited volume storage tanks 
(reflecting actual field conditions) for the dynamic analysis. Storage volumes do not 
have any impact in steady state analysis, but do have a significant impact on the 
results in the dynamic analysis. The base elevation, high water elevation, reservoir 
diameter, and the reservoir volume of various reservoirs within the distribution system 
are summarized and presented in the “Storage in the Distribution System” table in 
Appendix D. 

• The piping around the reservoirs was changed to reflect actual field conditions. 

• Pumps and the pump curves were updated based on the actual distribution system 
conditions. A list of pumps within the distribution system and the associated pump 
curve information is presented in Table 4.1. 
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Table 4.1 Pumps Data 
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The City has provided the base map and other information at the reservoirs and pumps. 
Carollo collected some information during field visits, 24-Hour Demand Test, and Hydraulic 
Stress Test. In the existing model, the following updates were performed: 

• Skeleton of the distribution system 

• Pump suction and discharge piping 

• Number of pumps and the corresponding pump curves 

• Storage reservoir/tank information 

• Demand pattern 

• Valve information 

Carollo performed all of the above updates to synchronize the model with the existing 
distribution system and to convert the model from steady state to extended period 
simulations. All the model updates are based on the data received from the City and from 
the demand test. After performing the updates and calibrating the model, Carollo modified 
the system for buildout (Year 2020) analysis. The model revisions required for the buildout 
analyses are described in detail in the following sections. 

4.2 BUILDOUT MODEL 
The buildout model was created from the calibrated and updated original model. The 
network and demands were updated based on the City’s General Plan. 

• Demands were based on the demands calculated from the land use data. The 
demands were distributed by overlaying the existing model with the zoning map in the 
GIS software. 

• The T-main skeleton is based on the future developments within the City. The 
alignment of the T-main skeleton for new developments is for hydraulic analysis 
purposes; though the alignments were adjusted to follow the anticipated pipe routes, 
the actual alignment may vary from the alignment indicated in the model. 

• Storage reservoir volume is based on storage requirements for future demand 
conditions. All the new storage reservoirs are based on the storage criteria described 
in Chapter 5.  

• Pumps in the model are based on the pumping requirements for future demand 
conditions. 
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4.3 CALIBRATION METHODOLOGY 
The calibration of the existing distribution system is based on the Hydraulic Stress Test, 
performed on June 22, 2004. The protocol for this test is presented in Appendix B. The test 
is performed for various demand conditions within the City in order to stress the existing 
distribution system by creating a large hydraulic gradient within the distribution system. The 
protocol explains the procedure for creating a large gradient within each distribution system 
and is based on delivering high flows into the distribution system reservoirs. The purpose of 
the Hydraulic Stress Test is to obtain steady state hydraulic information to calibrate the 
hydraulic model. The calibration effort serves to improve the hydraulic accuracy of the 
results. 

From the Hydraulic Stress Test results, a 5-minute interval steady state period is defined for 
each test location and the average value of this period will be considered for calibrating the 
model. The Hydraulic Stress Test results that were used in calibrating the model are 
presented in Table 4.2. The model was calibrated by applying the flows and operations 
criteria obtained from each test. The results for the Southport Reservoir were not used for 
the calibration, as the level indicator was malfunctioning. However, the results for PSIP, 
Carlin, Central, and Northeast Reservoirs were all used to calibrate the model. 

The calibration process includes changing the Hazen-Williams’ pipeline roughness 
coefficient C-factors in the model in order to obtain the desired results. For example, the 
following procedure was used in order to calibrate the model based on the Hydraulic Stress 
Test of the PSIP storage reservoir: 

• A demand of 5.5 mgd was introduced at the PSIP Reservoir. 

• The inlet and outlet of all other reservoirs within the distribution system are kept 
closed, i.e., all the reservoirs (except PSIP) are not operational during the PSIP test. 

• A flow of 22.0 mgd was pumped into the system from the Bryte Bend WTP (HSPS). 

• The C-factors of pipes in the model was changed in order to obtain desired 
pressures, as presented in Table 4.2, at various locations (HSPS, PSIP, Central, 
Southport, Carlin, Northeast, Oak Street, Half Moon Bay, and South River Road). 

The above procedure was used for other reservoirs and the model will be more accurate 
after calibrating the model for the four (since Southport test will not be used for calibration) 
different tests. Oak Street Reservoir was not stressed, as this reservoir is located too close 
to the HSPS to provide for an accurate determination of hydraulic gradients. 

Demands in the model were adjusted to match demands during a five-minute steady state 
period. Two-thirds of the total demand will be assumed in North Area and one-third of the 
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Table 4.2 Results from the Hydraulic Stress Test 
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total demand will be assumed in the Southport Area. The model demand distribution will be 
adjusted differently for the buildout (Year 2020) analysis. 

After the calibration process was completed, the hydraulic analysis of the existing and the 
buildout model will be performed. The details of the hydraulic analysis will be described in 
detail in the following chapters.  

4.4 CALIBRATION RESULTS 
Based on the calibration methodology described above, higher pipeline roughness 
coefficients were applied in the Southport Area in order to meet the pressures observed 
during testing. The C-factors south of Linden Road/Carlin Drive and west of Jefferson 
Boulevard are changed from 130 to 60. The C-factors in the rest of the City vary between 
130 and 150. Carollo contacted the City regarding the low pressures in southern Southport. 
The City indicated that a valve was closed in that area, but was uncertain if it was closed 
during the test. 



 

Chapter 5 

WATER STORAGE 

5.1 STORAGE CRITERIA 
Distribution system storage requirements are currently defined by the City as follows: 

• Storage is required to meet system demands during high demand hours. This is 
defined as operational storage volume and 25 percent of MDD volume is required.  

• Storage is required to meet system demands during emergencies. Emergencies 
cover a wide range of possible events, including: surface water contamination; 
treatment failure at the Bryte Bend WTP; HSPS failure; power outage; transmission 
pipeline rupture; earthquake; firestorm; etc. The required emergency storage volume 
and is 50 percent of MDD volume. Prior to 2004, the emergency storage criteria was 
set much lower, at 0.25 of ADD Value. Groundwater facilities were assumed to 
provide the vast majority of emergency demands. 

• Storage is required for suppressing fires, and is defined as fire storage volume. 
Based on the Treated Water Storage Analysis Technical Memorandum of March 8, 
2004, the largest likely fire use and duration was assumed as the fire storage 
requirement for the entire city. This is a fire in a non-sprinkled industrial/business 
park, which equates to a fire demand flow requirement of 8,000 gpm for a five-hour 
duration (equivalent to 2.4 million gallons (MG)). Half (1.2 MG) of this fire storage was 
allocated to the North area and the other half (1.2 MG) was allocated to the Southport 
area.  

The above mentioned operational, emergency, and fire storage criteria should be reviewed 
based on changes in demands and with changes in type of land use within the distribution 
system. Storage volume criteria for other water agencies have been compared to the 
criteria presented above. The operational and emergency storage criteria are within the 
range of comparative criteria. However, a single, albeit large, fire flow for a distribution 
system the size of the City’s may be underestimating the fire storage needs. As the City 
continues to grow, and demands increase, there is more of a likelihood that major 
simultaneous fires could occur within the City. Also, if a separate pressure zone is created 
in the Southport area, then the largest possible fire demand should be separately allocated 
for the North and the Southport area. Based on these premises, Carollo recommends that 
the City consider increasing the fire storage volume capacity and assigning. 

• A single fire to the North area, equivalent to a fire in a non-sprinkled 
industrial/business park of 8,000 gpm for a five-hour duration (equivalent to a volume 
of 2.4 MG). 

• A single fire in the Southport area. As all industrial/business park facilities are 
sprinkled in the Southport Business, the non-sprinkled fire demand would be 5,000 
gpm for a five-hour period (equivalent to a volume of 1.5 MG). 
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The fire flow requirements for various land use category is presented in Table 5.1. This 
table also provides the difference in fire flow requirements between the sprinkled and non-
sprinkled land use categories. The criteria described above will be used to determine the 
storage requirements for the existing and buildout distribution systems. 

Table 5.1 Fire Flow Requirements 
Water Master Plan Update 
City of West Sacramento 

 Non-Sprinkled Sprinkled(1) 

Land Use Fire Flow 
(gpm) 

Duration 
(hours) 

Fire Flow 
(gpm) 

Duration 
(hours) 

Single-Family Residential 2,000 2 1,000 2 

Multi-Family Residential 3,000 2 1,500 2 

Commercial 4,000 2 2,000(2) 2 

Institutional 4,000 4 2,000(2) 4 

Industrial/Business Park 8,000 5 5,000(2) 5 

School 8,000 4 4,000(2) 4 

Notes: 

(1) Most communities allow up to a 50% reduction in fire flow if a building is sprinkled. However, a 
fire flow less than 1,000 gpm is not permitted for single family residential. 

(2) Commercial/industrial areas and schools should be reviewed on a case-by-case basis before 
reducing by 50%. 

5.2 EXISTING STORAGE 
The City currently has six distribution system storage reservoirs and two clearwells at the 
Bryte Bend WTP. Total storage volume was calculated based on the usable volumes in 
these reservoirs, which was calculated from high water levels maintained by operations in 
the respective reservoirs. Total existing storage volume at the Bryte Bend WTP, in the 
North area, and in the Southport area, is presented in Table 5.2. 

5.3 STORAGE REQUIREMENTS 
Based on the storage criteria presented above (including updated fire storage criteria), 
storage required for the North and Southport Areas are presented in Table 5.3 for Existing 
(2004) conditions of 13.1 mgd ADD. Appendix D presents “Storage in the Distribution 
System” table for more details. 

Based on a MDD/ADD factor of 2.0, the City is currently 4.2 MG deficient in storage volume 
for existing conditions. This storage deficiency is completely allocated to the Southport 
area. Thus, additional storage should be constructed in the near future in the Southport 
area (the Capital Improvement Program chapter, Chapter 8, presents the storage 
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Table 5.2 Existing Storage 
Water Master Plan Update 
City of West Sacramento 

Reservoir Diameter 
(feet) 

Usable Volume 
(MG) 

Total Volume  
(MG) 

Clearwell - two basins 170 4.0 each 8.0 at Bryte Bend WTP 
Oak Street 110 2.0  
Central 110 2.0  
Northeast 110 2.0  
PSIP 106 1.4  
    North Area Total   7.4 in North Distribution 
Southport 90 1.0  
Carlin 130 2.9  
    Southport Area Total   3.9 in Southport Distribution 
Grand Total   19.3 Total System 

requirements and implementation periods in detail). New development shall not occur 
without a corresponding increase in storage volume (see Table 5.5 “Storage Required at 
New Developments”). 

Storage Requirements for buildout conditions are indicated in Table 5.4. These projections 
are based on the buildout ADD of 26.0 mgd, with a buildout MDD of 52.0 mgd (26.0x2.0). A 
significant amount of storage, 15.3 MG, needs to be constructed in the Southport area. 
Developers should construct a significant amount of this storage as new developments are 
added into the water distribution system.  

The 8.0 MG existing clearwell storage volume is assigned to the North area. The above 
demands are based on projected demands in the Water Front land use area, which 
includes demands for The Rivers and Pioneer Bluff developments. 

5.4 OPERATIONAL AFFECTS ON STORAGE VOLUME 
ALLOCATION 

The distribution system operation affects where storage should be located. For example, 
more emergency storage should be located in the Southport area, as this area is further 
away from the Bryte Bend WTP. This could be justified based on the likelihood that a T-
main rupture near the Barge Canal could greatly restrict flows from reaching Southport 
area. Overall, the allocation of operational, emergency, and fire storage will be determined 
for: 

• The 8.0 MG clearwell volume at the Bryte Bend WTP 

• Distribution system storage reservoirs 

• The Oak Street Reservoir
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Table 5.3 Existing Storage Requirements and Deficits  
Water Master Plan Update 
City of West Sacramento 

Area  ADD
(mgd) 

MDD 
(mgd) 

Required 
Operational 

Storage (MG) 

Required 
Emergency 

Storage (MG) 

Required   
Fire Storage 

(MG) 

Total Required 
Storage       

(MG) 

Existing 
Storage   

(MG) 
Storage Deficit  

(MG)           
(0.25xMDD) (0.5xMDD)  

North        8.7 17.4 4.3 8.7 2.4 15.4 15.4 0.0 
Southport        4.4 8.8 2.2 4.4 1.5 8.1 3.9 4.2 
Total         13.1 26.2 6.5 13.1 3.9 23.5 19.3 4.2
Notes: 
(1) ADD = Average Daily Demand 
(2) MDD = Maximum Day Demand 
(3) MG = Million Gallons 
(4) mgd = Million Gallons Per Day 
(5) Fire Suppression in North = 8,000 gpm for 5 hours = 2.4 MG 
(6) Fire Suppression in South = 5,000 gpm for 5 hours = 1.5 MG 
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Table 5.4 Storage Requirements and Deficits at Buildout Conditions  
Water Mater Plan Update 
City of West Sacramento 

Area  ADD
(mgd) 

MDD 
(mgd) 

Required 
Operational 

Storage (MG) 

Required 
Emergency 

Storage (MG) 

Required 
Fire Storage   

(MG) 

Total Required 
Storage       

(MG) 

Existing 
Storage    

(MG) 
Storage Deficit  

(MG) 

(0.25xMDD) (0.5xMDD)

North        14.2 28.4 7.1 14.2 2.4 23.7 15.4 8.3 

Southport        11.8 23.6 5.9 11.8 1.5 19.2 3.9 15.3 

Total         26.0 52.0 13.0 26.0 3.9 42.9 19.3 23.6

        

 



 

Operational storage volume is required at the clearwell, as clearwell levels vary during the 
day due to the diurnal demand pattern and operation of the Bryte Bend WTP at a relatively 
constant daily flow. An amount of “buffer” volume is required in the clearwells to prevent the 
clearwells from overflowing during low demand hours of the day. Also, fire demands should 
be met from distribution system reservoirs, not from the HSPS, as a fire could occur during 
maximum day conditions (a condition which relates to the required capacity of the Bryte 
Bend WTP). Having fire storage originate from reservoir(s) near the fire demand can 
optimize the transmission pipeline system. If fire storage volume must be pumped from the 
clearwells by the HSPS, the transmission pipeline system would need to be upsized. Thus, 
fire storage volume should be allocated to system reservoirs, not the clearwells, to meet fire 
suppression demands. The majority of the clearwell volume is anticipated to be dedicated 
as emergency storage. 

Based on conversations with operations staff, the operation of the Oak Street Reservoir 
causes the pumps at the HSPS to operate at higher head and lower flows due to the close 
proximity of this reservoir to the HSPS. This reservoir and pump may be dedicated to: 

• Receive HSPS system flows during low demand hours only 

• Receive surge flows 

• Deliver flows into the distribution system east of the reservoir (not into the main 
transmission main) during high demand hours 

5.5 EXISTING STORAGE DEFICIENCIES 
The existing 4.2 MG storage volume deficiency (0.0 MG in the North and 4.2 MG in the 
Southport area) is primarily due to the City’s recent change to its emergency storage 
volume criterion. Emergency storage volume required for recent (pre-2004) developments 
in the Southport area, including Bridgeway Island and Bridgeway Lakes I, were based on 
an emergency storage criterion that is less than 25 percent of the current emergency 
criterion 50 percent of MDD. This is due to the City’s former policy of utilizing groundwater 
facilities to meet emergency demands. Now that these groundwater facilities are being 
retired, the City must use stored surface water to meet emergency demands. 

As the Southport area is significantly deficient in storage today, the need to provide 
additional storage in the Southport area is paramount given: 

• The distance of this area from the Bryte Bend WTP 

• That there are only two T-main crossings of the Barge Canal 

Two projects are planned to address this storage deficiency, including: 

FINAL – May 2005       
H:\Final\West Sac_SAC\6954A00\Master Plan\Final\CHAPTER 5.doc 

5-5



 

• Upgrading the Southport Reservoir from a 1.0 MG to a 3.0 MG facility. Additional 
pumps would be required at this site to convey flow from the larger reservoir. 

• Installing additional storage at the site (the tail end of the Main Drain) planned for the 
Bridgeway Lakes II development’s storage reservoir. As only 0.65 MG is required for 
this relatively small development, additional storage could be sited at this location. 
Coordination between the City and the developer of Bridgeway Lakes II and other 
future developments in Southport area are recommended to facilitate installation of 
this additional volume as soon as possible. 

The capacity requirements for of all storage reservoirs required due to additional 
development (demands) is presented in Table 5.5. This table indicates all the new sites for 
new storage requirements reservoirs in the North and Southport areas. 4.2 MG of the total 
storage presented in this table is to fulfill existing deficiencies (2.2 MG at Bridgeway Lakes 
II and 2 MG at the existing Southport Reservoir). The location map and cost details for 
these improvements are presented in Chapter 8. Yarborough is agricultural land as per the 
General Plan. The volume required for Yarborough is not included in the storage 
requirements. 

5.6 STORAGE SITE REQUIREMENTS 
Several new storage facilities are required by buildout of the General Plan. Each site 
requires a pump station with standby power facilities. Two reservoirs maybe constructed at 
many of these sites, so that a single reservoir can be taken out of service during the low 
demand (winter) periods. In general, most of these new sites will require either a single 2.0 
MG reservoir or two 2.0 MG reservoirs. Based on providing adequate access to the pump 
station, reservoir, and standby power engine generator, the following site acreage is 
required: 

• 1.0 to 1.25 acres for a single 2.0 MG reservoir 

• 1.5 to 1.75 acres for two 2.0 MG reservoirs (4.0 MG total) 

If a taller reservoir(s) can be installed, e.g. 32-foot tall reservoir, and then site acreage 
requirements would be towards the lower end of the site acreage range. If a shorter-profile 
reservoir is required, e.g. 24-foot tall reservoir, then site acreage requirements would be 
towards the higher end of the site acreage range. Nearby housing developments often 
require a lower profile for a new reservoir to improve property values. Partial burial of a 
reservoir is also a viable alternative if yet lower visual perspective is desired. Cost 
estimates for storage reservoirs included in this Master Plan are for at-grade steel tanks. 
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Table 5.5  Storage Required at New Developments

                  Water Master Plan Update 

                  City of West Sacramento

Specific Development ADD  MDD Operational Emergency Fire Demand (gpm)/ Fire Total Storage Storage

 (mgd)  (mgd) Storage (MG) Storage (MG) Fire Duration (hrs) Storage (MG) Required (MG) Proposed (MG)

North Area of the System

The Rivers 0.60 1.21 0.30 0.60 4,000 gpm / 4 hours 0.96 1.86 1.9

Pioneer Bluff Redeveloplment 
(1)

0.89 1.78 0.45 0.89 4,000 gpm / 2 hours 0.48 1.82 2.4

Triangle Area
 (1)

1.65 3.30 0.83 1.65 4,000 gpm / 2 hours 0.48 2.96 2.4

Total = 6.63 6.7

8.30 8.3

1.67 1.60

Southport Area of the System

Newport Estates Development
 (3)

2.00 4.00 1.00 2.00 4,000 gpm / 2 hours 0.48 3.48 2.2

PAIK Development 
(3)

1.48 2.97 0.74 1.48 4,000 gpm / 2 hours 0.48 2.71 4.2

Parlin Ranch (306 SF houses) 
(3)

0.17 0.34 0.09 0.17 2,000 gpm / 2 hours 0.24 0.50 0.0

Richland Communities 
(3)

1.28 2.57 0.64 1.28 4,000 gpm / 2 hours 0.48 2.41 4.0

Bridgeway Lakes II 
(3)

0.27 0.55 0.14 0.27 2,000 gpm / 2 hours 0.24 0.65 2.85

(487 Single Family houses)

Total = 9.74 13.25

15.30 15.30

5.56 2.05

Yarbrough (SW Village)* 2.05 4.10 1.03 2.05 4,000 gpm / 4 hours 0.96 4.04

Yarbrough - per General Plan** 0.00 0.00 0.00 0.00 4,000 gpm / 4 hours 0.00 0.00

* - N.A.P. parcels (Not  A Part parcels) are not included with Yarbrough (Southwest Village) land use.

** - City Zoning Map indicates Agricultural General (A-1) for all of the Yarbrough (Southwest Village).

Note: Average Daily Demand (ADD) x 2.0 = Maximum Day Demand (MDD)

Demand Criteria used to determine ADDs:

o   560 gpd/du for Single Family Residential

o   290 gpd/du for Multi-Family Residential

o   1800 gpd/acre for irrigated park/open space

o   2950 gpd/acre for commercial and village core

o   25 gpd/student at school(s)

o   0 gpm for Agricultural General (A-1) - no demand as well water assumed

Storage Criteria:

o   Opeational Storage = 0.25 Maximum Day Demand (MDD)

o   Emergency Storage = 0.50 Maximum Day Demand (MDD)

o   Fire Storage = Largest Fire Demand x Duration in Development

o   Fire at Sprinkled School = 4,000 gpm for 4 hours

o   Fire at Non-Sprinkled Commercial = 4,000 gpm for 2 hours

o   Fire at Non-Sprinkled Residential = 2,000 gpm for 2 hours

Notes:

(1) A common reservoir with a storage volume of 4.8 MG will be installed within these areas.

(2) This development related deficit will be fulfilled with a new storage reservoir at the existing PSIP reservoir.

(3) The development related storage deficit within the Southport area will be distributed to these reservoir sites.

(4) The remaining deficit will be fulfilled by replacing the existing 1.0 MG reservoir with 3.0 MG reservoir at the Southport Reservoir location.

Total Storage Deficit from Table 7.4 =

Volume Required to fulfill the Deficit 
(2)
=

Total Storage Deficit from Table 7.4 =

Volume Required to fulfill the Deficit 
(4)
=

H:\Client\WestSac_Sac\6954A.00\Developments\StorageVolumeReqt.xls
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Chapter 6 

HYDRAULIC ANALYSIS 

6.1 INTRODUCTION 
Hydraulic analysis of the distribution system was used to determine the deficiencies in the 
system and to determine the required facilities for the future developments within the 
distribution system. The City and Carollo agreed to perform the hydraulic analysis of the 
system using the H2ONET hydraulic modeling software. The hydraulic analysis of the 
system is based on the distribution system skeleton described in previous chapters. Carollo 
used the base model prepared by West Yost & Associates and has made the 
improvements in order to reflect the actual site conditions and to convert steady state model 
into extended period dynamic model.  

6.2 FEATURES OF A DISTRIBUTION SYSTEM 
The following are the features of the model used for hydraulic analysis of the distribution 
system: 

• Source of Water Supply: The Sacramento River is the raw water source of water 
supply into the distribution system. The only supply of water in this distribution system 
is Bryte Bend WTP. The Bryte Bend WTP treats water and delivers it into two 4.0 MG 
clearwells. The treatment plant was recently expanded and can treat up to 60 mgd. 
The permitted plant capacity currently varies during a given year; it is 58 mgd from 
April through October and 40 mgd from November through March. 

• Water Demand Points (Nodes): These are the points in the water distribution 
system that consume the water supplied from the source. These locations generally 
include businesses, residential customers, fire, industries, irrigation, storage 
reservoirs, etc. In addition, distribution system pipe leaks contribute to an increase in 
demands. As the water demands increase in the system, the system is stressed. If 
the water demands in the system are more than the system capacity, the system is 
considered deficient and ineffective.  

• Pumping Stations: Since there are no ground water sources within the distribution 
system, all the pump station facilities are booster pump station (BPS) facilities. These 
pump stations pump water from the source clearwells or storage reservoirs into the 
distribution in order to meet demands and at the same time maintain required 
pressures within the distribution system. Since the elevation difference within the City 
is minimal and all the reservoirs are located at ground elevation, BPS facilities are 
required within the distribution system. The High Service Pump Station (HSPS) at the 
treatment plant delivers water from the clearwells into the distribution system. The 
HSPS can deliver 55 mgd today and can be readily expanded to 65 mgd. 
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• Storage Reservoirs: Storage reservoirs are required in every distribution system in 
order to provide operational, emergency, and fire demands within the distribution 
system. The storage criteria were described in detail in Chapter 5 of this report. The 
storage reservoirs will be filled during low demand periods and will be drained using 
the BPS during the high demand periods. In the City’s water distribution system, the 
elevation difference is minimal. Therefore, there is a BPS associated with each 
storage reservoir in order to boost water from each reservoir to the hydraulic grade 
line of the system. 

• Pipelines: Pipelines connect all the above-described features within the distribution 
system. There are two types of pipelines, T-mains and distribution mains. The T-
mains are pipes that connect all the major areas with the water supply sources, while 
the distribution mains distribute water from T-mains to the customers within the 
distribution system. The T-mains are generally the larger pipelines; in the City’s 
distribution system, any pipe larger than 12-inches is considered to be a T-main. The 
distribution mains are generally the smaller size pipelines; in City’s distribution 
system, any pipe 12-inches and smaller is considered to be a distribution main. 

All the features in the model reflect the actual distribution system. Carollo verified all the 
major features in the model through input and data provided by City staff. 

6.3 DESCRIPTION OF DEFICIENCIES 
All the above-described elements are integrated in the model to reflect the actual 
distribution system. Once the model is verified for connectivity, the model is analyzed using 
the demand and supply conditions. The following are the criteria used to determine if there 
are deficiencies based on the hydraulic analysis: 

• Pipe Deficiencies: The velocities during the ADD and MDD conditions shall not 
exceed 7.0 feet per second. During the fire and emergency conditions, velocities shall 
not exceed 10.0 feet per second. If a velocity in a pipe is greater than this criteria, it is 
considered a bottleneck, i.e., it is carrying greater flows than the acceptable criteria, 
creating high headloss necessitating an improvement to increase water transmission 
capacity. Pipe deficiencies decrease the hydraulic grade line from one end of the 
distribution system to the other. These deficiencies reduce the efficiency of the 
system by increasing the operational costs, thus, it is desirable to remove the pipe 
deficiencies in the distribution system. 

• Pressure Deficiencies: These deficiencies are the result of deficiency in transmitting 
flow from the source to the customer at desired pressures. Pressure deficiencies can 
occur for any of the following reasons: pipe deficiency, pumping deficiency, capacity 
deficiency, etc. The pressure deficiency in the system indicates all the various 
deficiencies within the distribution system. The minimum pressure criteria used for the 
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City’s system evaluation are: 40 psi during average and maximum day demand 
conditions and 20 psi near fire demands. 

It is important to improve all the deficiencies in order to make the system efficient and to 
reduce the operational and energy costs of water supply within the distribution system. The 
City and Carollo agreed that the hydraulic analysis of the system would be performed for 
two different scenarios, they are: 

• Existing System  

• Buildout (Year 2020)  

The following sections describe the various scenarios performed in order to identify the 
deficiencies within the distribution system. 

6.4 CRITERIA FOR HYDRAULIC ANALYSIS 
The following criteria for the hydraulic analysis were developed with City staff input and are 
used to identify the deficiencies in the distribution system: 

• Maximum velocities in the pipes shall be less than 7.0 feet per second. 

• Maximum velocities in the pipes near fire nodes shall be less than 10.0 feet per 
second. 

• Minimum pressure in the system shall be greater than 40.0 psi. 

• Maximum pressure in the system shall be less than 70.0 psi. Note: This pressure can 
reach up to 80.0 psi during emergencies but is not desirable during normal 
operations. 

• Minimum pressure at and near fire nodes shall be greater than 20 psi. 

• Daily reservoir turnover shall be 30 percent. 

The distribution system shall satisfy the above criteria in order to determine if the system is 
efficient. If any part of the distribution system does not satisfy the above criteria, it is 
considered a deficiency in the system and will affect the system performance greatly. The 
deficiencies that violate the above criteria are identified in the following sections.  

6.5 CRITERIA FOR PUMP OPERATIONS 
There are several existing booster pump stations and future booster pump stations that are 
modeled using the following criteria during the hydraulic analysis: 
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6.5.1 Existing Conditions: 

• All the pumps are operated based on a new operations pattern, new demand pattern, 
and storage criteria presented in this report. 

• Pumps are operating in such a way that there is no double and triple pumping within 
the system. 

• The criteria for individual pump stations will be based on flow and head requirements 
during various demand conditions. The results from the hydraulic analysis will provide 
the required flow and head conditions. 

• The HSPS should be operating all the time, i.e., no breakdown in the water supply 
from HSPS. 

6.5.2 Future Conditions: 

• All conditions described in Section 6.5.1 apply for these conditions. The operations 
pattern will vary with demands. 

• An In-Line Booster Pump Station between North and Southport Areas was used 
during the hydraulic analysis that will eliminate the necessity of a transmission main 
to accommodate increases in demand. 

6.6 EXISTING SYSTEM HYDRAULIC ANALYSIS 
The existing distribution system is mostly developed in the North area of the City with partial 
development in the Southport area. The elements of the existing distribution system are 
described in detail in Chapter 4 of this report. The distribution system demands are 
described in detail in Chapter 2 of this report. In order to perform the hydraulic analysis of 
the existing system, various operations patterns were created by Carollo based on the 
existing storage reservoir volume and daily volumetric turnover for water quality reasons. 
These operational patterns are necessary because the reservoirs altitude valves and 
booster pumps must be scheduled to operate during particular hours of the extended period 
simulations (EPS). The following are the operations patterns used for the analysis of the 
existing distribution system: 

• Existing Maximum Day Demand (EMDD) Operations Pattern, with no double or triple 
pumping. 

• EMDD with one storage reservoir filling (Carlin Tank) and other storage reservoirs are 
pumping. 

• EMDD with double and triple pumping Operations Pattern. 

• EMDD with special operations at PSIP Reservoir. 
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All the above described operation patterns are presented in Appendix E of this report. The 
following demand conditions are used for the analysis of the existing distribution system: 

• EMDD 

• EMDD with Commercial and/or Residential Fire 

Each of these two demand conditions include three peak hours of demand during the 72-
hour EPS. The diurnal demand pattern measured during the 24-hour demand test was 
applied for all hydraulic analyses. 

The hydraulic analysis of the existing system was performed with a combination of above 
demand conditions and operations patterns. In order to determine the deficiencies in the 
system, a specific group of hydraulic analyses were performed that stressed the distribution 
system. Numerous hydraulic scenarios were performed to check the efficiency of the 
distribution system; the scenarios and the summary of findings of the corresponding 
scenarios are presented in Table 6.1. The highlighted values represent deficiencies in the 
system under the specific test conditions. The following are the hydraulic runs performed in 
order to determine the deficiencies in the distribution system. 

6.6.1 Existing Maximum Day Demand Scenario 

The EMDD scenario resembles the existing distribution system during a maximum day 
demand condition. The following are the conditions for this scenario: 

The calibrated model is used for the hydraulic analysis; the model is calibrated based on 
the results obtained from the Hydraulic Stress Test. Calibration methodology is described in 
detail in Chapter 4 of this report. 

• ADD for the Year 2004 is 13.5 mgd. Thus the MDD for the existing condition is 2.0 
times the ADD, which is equivalent to 27.0 mgd. Note: The ADD for the Year 2004 
was projected mid-year (during these evaluations) to be 13.5 mgd. After December 
31, 2004, ADD was calculated to be 13.2 mgd. Use of slightly higher ADD and MDD 
values do not change conclusion of the hydraulic analyses. 

• The pattern obtained from the 24-Hour Demand Test is used and is extended to 72-
hours for this hydraulic modeling scenario. Demand patterns are described in detail in 
Chapter 2 of this report. 

• EMDD Operations Pattern is used for this scenario. This pattern does not allow for 
double and triple pumping within the distribution system, i.e., no reservoirs fill when 
flow is pumped from another reservoir. 
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•  

Table 6.1 Description of Model Runs - Existing System Analysis 
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• Six storage reservoirs are in operation within the distribution system. 

• The storage reservoir operations are based on a volume turnover of about 30 percent 
in each of the reservoirs. 

• No Fire Demand is applied to the distribution system.  

• No improvements in the distribution system. 

The results for this scenario are presented in Table 6.1; Case 1 indicates the results 
obtained for this scenario. The flow from the HSPS, the pressures at the nodes near 
reservoirs, and the levels in the reservoirs are indicated on the figures in Appendix E (all 
Figures indicated as EMDD in the title). 

• The flow from HSPS graph indicated on Figure 6.1 and the flow from HSPS is 
synchronous with the demand pattern applied to the distribution system i.e., the 
reservoirs are filling during low demand periods and draining during the high demand 
periods.  

¾ The operations pattern is different from the current operations of the distribution 
system. 

¾ The ADD during a day for this scenario is 27.0 mgd but the EMDD graph 
indicates low flow values between 18.0 mgd and 21.0 mgd during hours 03:00 to 
08:00 & 17:00 to 21:00 and high flow values between 30.2 and 36.7 during hours 
01:00 to 2:00, 09:00 to 16:00, and 22:00 to 24:00. This pattern indicates two-
cycles of filling and draining within the distribution system. 

¾ The low flow values from HSPS indicate that the reservoirs in the distribution 
system are draining during these hours and the high flows from HSPS indicate 
that the reservoirs in the distribution system are filling during these hours. 

¾ Flows from HSPS are based on the generic operations pattern that is relative to 
the demand pattern. This pattern can be varied in order to save the energy costs. 
Using Oak Street storage reservoir in conjunction with the HSPS can also change 
this pattern. There are several possible combinations of operations patterns, 
Carollo chose to use the above pattern because it does not include double and 
triple pumping and it satisfies the minimum 30 percent volume turnover required 
for the storage reservoirs for water quality purposes. 
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Figure 6.1 EMDD - Flow From HSPS 
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• No deficiencies are observed within the system with all the above system conditions. 

• Pipe velocities are in the normal range and the pressures in the system are in the 
normal range. Although there are greater pressure swings in the PSIP area, these 
pressures are still in the acceptable range. Pressure swing near Carlin Tank is also 
high but is within the acceptable range. 

• No improvements are required based on this scenario; however, a 12-inch parallel 
pipeline for 5,850 feet to the PSIP area is recommended in order to improve the 
transmission capacity to this area and to optimize operation of the storage reservoir in 
this area. 

Conclusion from this scenario a parallel pipeline to the PSIP reservoir is recommended in 
order to enhance the performance of the PSIP reservoir. 

6.6.2 Existing Maximum Day Demand Scenario with Commercial Fire in 
Southport Area (EMDDCF) 

This is the EMDD scenario with a Commercial Fire Demand in the Southport Area. The fire 
is placed at the industrial part of the Southport Area (near the Carlin Tank). The following 
are the conditions for this scenario: 

• The calibrated model was used for the hydraulic analysis; the model was calibrated 
based on the results obtained from the Hydraulic Stress Test. Calibration 
methodology is described in detail in Chapter 4 of this report. 

• ADD for the Year 2004 is 13.5 mgd. Thus the MDD for the existing condition is 2.0 
times the ADD, which is equivalent to 27.0 mgd. 

• The pattern obtained from the 24-Hour Demand Pattern is used and is extended to 
72-hours for this hydraulic modeling scenario. Demand patterns are described in 
detail in Chapter 2 of this report. 

• EMDD Operations Pattern is used for this scenario, this pattern does not allow for 
double and triple pumping within the distribution system, i.e., no reservoir fills when 
the flow is pumped from another reservoir. 

• Six storage reservoirs are in operation within the distribution system. 

• The storage reservoir operations are based on a volume turnover of about 30 percent 
in each of the reservoirs. 

• A Commercial Fire Demand of 5,000 gpm for five hours is applied in Southport Area 
at the Southport industrial area near Carlin Tank. 
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• A 12-inch parallel pipeline for 5,850 feet is installed in the model to improve the 
transmission to the PSIP area. 

• All the reservoirs in the system are filling during the fire except for the Carlin Tank, as 
the Carlin Tank booster pumps are pumping to meet the fire demands. 

The results for this scenario are presented in Table 6.1; Case 3 indicates the results 
obtained for this scenario. The flow from the HSPS, the pressures at the nodes near 
reservoirs, and the levels in the reservoirs are indicated on the figures in Appendix F (all 
Figures indicated as EMDDCF in the title), Section 6.5.1 describes the flow pattern 
indicated on flows from HSPS graph. 

• No deficiencies are observed within the system with all the above system conditions. 

• Pipe velocities are in the normal range and the pressures in the system are in the 
normal range. Although there are greater pressure swings in the PSIP area, the 
pressures are still in the acceptable range. Pressure swing at Carlin Tank is also high 
but is within the acceptable range. 

• No Improvements are required based on this scenario; however, a 12-inch parallel 
pipeline for 5,850 feet to the PSIP area is recommended in order to improve the 
transmission capacity to this area and to optimize operation of the storage reservoir in 
this area. 

• Special operations are required to refill the Carlin Tank after it is substantially drained 
due to the fire demand. 

Conclusion from this scenario is that there are no improvements required within the 
distribution system except for the parallel pipeline recommended in the PSIP area in the 
EMDD scenario. 

6.6.3 Existing Maximum Day Demand Scenario with Residential Fire in 
Southport Area (EMDDRF)  

This is the EMDD scenario with Residential Fire Demand in the Southport Area. The fire is 
placed at the residential part of the Southport Area (north of PAIK Communities). The 
following are the conditions for this scenario: 

• The calibrated model is used for the hydraulic analysis; the model is calibrated based 
on the results obtained from the hydraulic stress test. Calibration methodology is 
described in detail in Chapter 4 of this report. 

• ADD for the Year is 13.5 mgd. Thus the MDD for the existing condition is 2.0 times 
the ADD, which is equivalent to 27.0 mgd. 
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• The pattern obtained from the 24-Hour Demand Pattern is used and is extended to 
72-hours for this hydraulic modeling scenario, demand patterns are described in 
detail in Chapter 2 of this report. 

• EMDD Operations Pattern is used for this scenario, this pattern does not allow for 
double and triple pumping within the distribution system, i.e., no reservoir fills when 
flow is pumped from another reservoir. 

• Six storage reservoirs are in operation within the distribution system. 

• The storage reservoir operations are based on a volume turnover of about 30 percent 
in each of the reservoirs. 

• A Residential Fire Demand of 4,000 gpm for four hours is applied in the Southport 
Area in a community north of the PAIK community. 

• A 12-inch parallel pipeline for 5,850 feet is installed in the model to improve the 
transmission to the PSIP area. 

• All the reservoirs in the system are filling except for the Southport Reservoir that is 
supplying flows for the fire demand. 

The results for this scenario are presented in Table 6.1, Case 4 indicates the results 
obtained for this scenario. The flow from the HSPS, the pressures at the nodes near 
reservoirs, and the levels in the reservoirs are indicated on the figures in Appendix F (all 
Figures indicated as EMDDRF in the title), Section 6.5.1 describes the flow pattern 
indicated on flows from HSPS graph. 

• No deficiencies are observed within the system with all the above system conditions. 

• Pipe velocities are in the normal range and the pressures in the system are in normal 
range. Although there are greater pressure swings in the PSIP area, the pressures 
are still in the acceptable range. The pressure near the fire nodes fell below 35 (<40 
psi) psi, but is acceptable since the pressure at the fire nodes is allowed to fall to 20 
psi. 

• No improvements are required based on this scenario; however, a 12-inch parallel 
line for 5,850 feet to the PSIP area is recommended in order to improve the 
transmission capacity to this area and to optimize operation of the storage reservoir in 
this area. 

• Special operations are required to refill the Southport Reservoir after it is substantially 
drained due to the fire demand. 
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Conclusion from this scenario is that there are no improvements required within the 
distribution system except for the parallel pipeline recommended in the PSIP area in the 
EMDD scenario. 

6.6.4 Existing Maximum Day Demand Scenario with Commercial Fire in 
North Area (EMDDCFN) 

This is the EMDD scenario with Commercial Fire Demand in the North Area of the City. The 
fire is placed at the industrial part of the North Area (near the PSIP Tank). Two conditions 
were observed for this scenario: in one condition, PSIP Pumps are ON and in the other 
condition PSIP pumps are OFF. The following are the conditions for this scenario: 

• The calibrated model is used for the hydraulic analysis; the model is calibrated based 
on the results obtained from the hydraulic stress test. Calibration methodology is 
described in detail in Chapter 4 of this report. 

• ADD for the Year 2004 is 13.5 mgd. Thus the MDD for the existing condition is 2.0 
times the ADD, which is equivalent to 27.0 mgd. 

• The pattern obtained from the 24-Hour Demand Pattern is used and is extended to 
72-hours for this hydraulic modeling scenario. Demand patterns are described in 
detail in Chapter 2 of this report. 

• EMDD Operations Pattern is used for this scenario, this pattern does not allow for 
double and triple pumping within the distribution system, i.e., no reservoir fills when 
flow is pumped from another reservoir. 

• Six storage reservoirs in operation within the distribution system. 

• Storage reservoir operations based on a volume turnover of about 30 percent in each 
of the reservoirs. 

• A Commercial Fire Demand of 5,000 gpm for five hours was applied near the PSIP 
area. 

• A 5,850 feet 12-inch parallel pipeline for installed in the model to improve the 
transmission to the PSIP area. 

• All the reservoirs in the system are filling except for the PSIP. The PSIP reservoir is 
supplying flows to meet the fire demands in this area. 

• The results for this scenario are presented in Table 6.1; Case 5 indicates the results 
obtained for this scenario. The flow from the HSPS, the pressures at the nodes near 
reservoirs, and the levels in the reservoirs are indicated on the figures in Appendix E 
(all Figures indicated as EMDDCFN in the title), Section 6.5.1 describes the flow 
pattern indicated on flows from HSPS graph. 
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• With two conditions, there are deficiencies in the system when PSIP pumps are not 
operational, whereas, there are no deficiencies observed when PSIP pumps are 
operational. The existing PSIP pumps are sized for a different zone that pump water 
up to 100 psi of pressure, but the existing system pressures at this location are less 
than 70 psi, these pumps cannot be operational. Therefore, these pumps need to be 
replaced with pumps that can pump the water from PSIP reservoir to the existing 
distribution system pressures.  

• The pumps at the PSIP need to be replaced in order to meet the fire demands in this 
area. Without proper pumping at this reservoir, the pressures in this area fall below 
the allowable pressure during the fire. Once the pumps are operational, although the 
pressures fell considerably at the fire nodes, the pressures remain in the acceptable 
range. Therefore, the replacement of pumps at PSIP reservoir is necessary to meet 
the commercial fire demands in this area. In addition, the installation of 5,850 feet of a 
12-inch parallel pipeline for will help the water transmission to this area. 

• Special operations are required to refill the PSIP Reservoir after it is substantially 
drained due to the fire demand.  

Conclusions from this scenario are that the existing PSIP pumps need to be replaced with 
new pump that can pump water from PSIP reservoir to the system pressures, and the 
installation of a 12-inch parallel pipeline to the PSIP reservoir will improve the transmission 
capacity and pressures in the PSIP area during the event of a commercial fire in the PSIP 
area. 

6.6.5 Existing Maximum Day Demand Scenario with Residential Fire in 
North Area (EMDDRFN) 

This is the EMDD scenario with Residential Fire Demand in the North Area. The fire is 
placed in a residential area near the Northeast Reservoir. The following are the conditions 
for this scenario: 

• The calibrated model is used for the hydraulic analysis; the model is calibrated based 
on the results obtained from the hydraulic stress test. Calibration methodology is 
described in detail in Chapter 4 of this report. 

• ADD for the Year 2004 is 13.5 mgd. Thus the MDD for the existing condition is 2.0 
times the ADD, which is equivalent to 27.0 mgd. 

• The pattern obtained from 24-Hour Demand Pattern is used and is extended to 72-
hours for this hydraulic modeling scenario, demand patterns are described in detail in 
Chapter 2 of this report. 
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• EMDD Operations Pattern is used for this scenario, this pattern does not allow for 
double and triple pumping within the distribution system, i.e., no reservoir fills when 
the flow is pumped from another reservoir. 

• Six storage reservoirs in operation within the distribution system. 

• The storage reservoir operations are based on a volume turnover of about 30 percent 
in each of the reservoirs. 

• A Residential Fire Demand of 4,000 gpm for four hours is applied to the residential 
area north of Sacramento Avenue. 

• A 12-inch parallel pipeline for 5,850 feet is installed in the model to improve the 
transmission to the PSIP area. 

• All the reservoirs in the system are filling except the Northeast Reservoir. Northeast 
Reservoir’s booster pumps are pumping in order to meet the fire flow demands in this 
area. 

The results for this scenario are presented in Table 6.1; Case 6 indicates the results 
obtained for this scenario. The flow from the HSPS, the pressures at the nodes near 
reservoirs, and the levels in the reservoirs are indicated on the figures in Appendix E (all 
Figures indicated as EMDDRFN in the title), Section 6.5.1 describes the flow pattern 
indicated on flows from HSPS graph. 

• No deficiencies are observed within the system with all the above system conditions. 

• Pipe velocities are in the normal range and the pressures in the system are in the 
normal range, except that there are greater pressure swings in the PSIP area but the 
pressures are still in the acceptable range. 

• No improvements are required based on this scenario, but a 12-inch parallel pipeline 
for 5,850 feet to the PSIP area is recommended in order to improve the transmission 
capacity to this area and to optimize operation of the storage reservoir in this area. 

• Special operations are required to refill the Northeast Reservoir after it is substantially 
drained due to the fire demand. 

Conclusion from this scenario is that there are no improvements required within the 
distribution system except for the parallel pipeline recommended in the PSIP area in the 
EMDD scenario. 

6.6.6 Conclusion from EMDD Scenarios  

All the hydraulic scenarios evaluated for the EMDD indicate that the system is efficient for 
the maximum day demand scenario and there are no deficiencies identified in the system. 
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However, the PSIP area in the distribution system indicates some deficiencies during the 
fire demand scenarios. Therefore, from all the hydraulic analysis for the existing conditions, 
the following improvements are recommended for the existing distribution system: 

• A 12-inch parallel pipeline for 5,850 feet towards the PSIP reservoir in order to 
improve the transmission capacity and to improve the pressures in the PSIP area.  

• The existing pumps at PSIP Reservoir need to be replaced with new pumps in order 
to pump flows from PSIP Reservoir to the existing distribution system pressures. At 
present, the pumps at this reservoir are not useful, except for a jockey pump. In the 
event of a fire in this area, one of the big pumps at this reservoir should be 
operational to improve pressures during the fire. 

Even after evaluating different operational patterns within the distribution system, the 
system operation is efficient and meet hydraulic criteria defined in this Master Plan. 

The above improvements will make system operation more efficient during various demand 
conditions. The resulting pipe sizes after all model runs and associated costs for the new 
improvements are presented in Chapter 8. 

6.7 BUILDOUT SYSTEM HYDRAULIC ANALYSIS 
The buildout distribution system represents a significant expansion of the existing 
distribution system. While developing the buildout distribution system, it is assumed that the 
City is 100 percent developed as presented in the City’s General Plan. The elements and 
features of the future distribution system are described in detail in Chapter 4 of this report. 
The distribution system demands are described in detail in Chapter 2 of this report. In order 
to perform the hydraulic analysis of the buildout system, an operations pattern was created 
by Carollo based on the buildout storage reservoir volume and volumetric turnover for water 
quality reasons. Like the operations pattern for existing conditions, the operations pattern 
results in no double or triple pumping in the distribution system. The following are the 
operations patterns used for the analysis of the existing distribution system: 

• Buildout Maximum Day Demand (BOMDD) Operations Pattern.  

• BOMDD with demands in the Yarborough area, a future community in the 
southwestern corner of the Southport area. 

All the above described operation patterns are presented in Appendix E of this report. The 
following demand conditions are used for the analysis of the existing distribution system: 

• BOMDD 

• BOMDD with Industrial, School, and/or Residential Fires 
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The hydraulic analysis of the buildout system is performed with a combination of above 
demand conditions and operations patterns. In order to determine the deficiencies in the 
system a certain group of hydraulic analysis are performed that will stress the distribution 
system. In addition, the following improvements are made relative to the existing distribution 
system: 

• An expanded Southport distribution network is connected to the existing distribution 
system with minimum of 16-inch diameter T-mains. Within each new Southport 
development, all the T-mains are connected with a minimum of 12-inch diameter T-
mains.  

• New storage reservoirs are installed at the Rivers (1.9 MG), Triangle and Pioneer 
Bluff Communities (4.8 MG), North of PAIK Communities (2.2 MG), PAIK 
Communities (4.2 MG), Richland Communities (4.0 MG), and Bridgeway Lakes II 
(2.85 MG).  

• Replacing the existing 1.0 MG reservoir and pump station at the existing Southport 
reservoir location with a new 3.0 MG reservoir and new pumps.  

• Additional 1.6 MG reservoir at the existing PSIP reservoir location and replacing the 
existing pumps with new pumps.  

The storage reservoir projects described above provide the 23.6 MG of storage required 
between now and buildout. 

The scenarios performed with the above improvements. Numerous hydraulic scenarios 
performed to check the efficiency of the distribution system; the scenarios and the summary 
of findings of the corresponding scenarios are presented in Table 6.2.  The following are the 
hydraulic runs performed in order to determine the deficiencies in the distribution system. 

6.7.1 Buildout Maximum Day Demand Scenario (BOMDD) 

The Buildout MDD (BOMDD) scenario indicates the scenario that resembles the buildout 
system, i.e., when the City is 100 percent developed as per the City’s General Plan and the 
demands in the system are the MDD at the buildout conditions. The following are the 
conditions for this scenario: 

• The calibrated EMDD model was used for the hydraulic analysis of the buildout 
model. The model is expanded reflecting the future growth area with demands in 
these areas. The demands in the system were obtained from the City’s General Plan 
Land Use data. Calibration methodology for EMDD is described in detail in Chapter 4 
of this report. 

• ADD for the Year is 26.0 mgd. Thus the MDD for the existing condition is 2.0 times 
the ADD, which is equivalent to 52.0 mgd. 
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•  

Table 6.2 Description of Model Runs- Buildout Analysis 
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• The 24-Hour Demand Pattern was used and extended to 72-hours for this hydraulic 
modeling scenario, demand patterns are described in detail in Chapter 2 of this 
report. 

• Buildout MDD operations pattern is used for this scenario. This pattern does not allow 
for double and triple pumping within the distribution system. 

• A total of 12 storage reservoirs are operating for this scenario; six- new storage 
reservoirs; four- existing storage reservoirs, one reservoir replacement with higher 
volume reservoir; and one reservoir addition (with additional storage) at one of the 
existing reservoir sites. 

• The storage reservoir operations are based on a volumetric turnover of approximately 
30 percent in each of the reservoirs. 

• No fire demand is applied to the distribution system.   

• All the required improvements for buildout conditions are completed within the 
distribution system and the new operations pattern for buildout conditions has been 
implemented. 

The results for this scenario are presented in Table 6.2; Case 1 indicates the results 
obtained for this scenario. The flow from the HSPS, the pressures at the nodes near 
reservoirs, and the levels in the reservoirs are indicated on the figures in Appendix E (all 
Figures indicated as BOMDD in the title), Section 6.6.1 describes the flow pattern indicated 
on flows from HSPS graph. 

• The flow from HSPS is indicated on Figure 6.2 and the flow from HSPS and BPS is 
synchronous with the demand pattern applied to the distribution system i.e., the 
reservoirs are filling during low demand periods and draining during the high demand 
periods.  

¾ The operations pattern is different from the current operations of the distribution 
system. 

¾ The average demand during a day for this scenario is 52.0 mgd but the graph 
indicates HSPS low flow values between 25.0 mgd and 28.0 mgd during hours 
03:00 to 08:00 & 17:00 to 21:00 and high flow values between 64.5 mgd and 68.5 
mgd during hours 01:00 to 2:00, 09:00 to 16:00, and 22:00 to 24:00. This pattern 
has two-cycles of filling and draining within the distribution system. 

¾ The low flow values from HSPS indicate that the reservoirs in the distribution 
system are draining during these hours and the high flows from HSPS indicate 
that the reservoirs in the distribution system are filling during these hours. 
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¾ These flows from HSPS are based on the generic operations pattern that is 
relative to the demand pattern. This pattern can be varied in order to save the 
energy costs. This pattern can also be changed by using Oak Street storage 
reservoir in conjunction with the HSPS. There are several possible 
combinations of operations patterns, Carollo chose to use the above pattern 
since it does not include double and triple pumping and this pattern satisfies the 
minimum 30 percent volume turnover required for the storage reservoirs for 
water quality purposes. 

• There are deficiencies observed within the system, with all the above system 
conditions the existing distribution system is not sufficient to handle the MDD for the 
buildout conditions. The pressures in some parts of the North area and in the 
Southport area are less than the minimum allowable pressures i.e., less than 40 psi. 
Hence, various transmission improvements are required within the distribution system 
in order to improve pressures. 

• High pipe velocities are observed in various pipe stretches indicating bottlenecks in 
transmitting flows from one area to another. Various pipeline improvements are 
required in order to eliminate the bottlenecks within the distribution system. 

• Storage reservoir improvements are required per the storage requirements in the 
system, apart from the storage improvements better water transmission facilities are 
required to transmit water from North area of the City to the Southport area of the 
City. Either large T-mains or a booster pumping station are required in order to 
improve pressures in the Southport area. 

Conclusions from this scenario are that the system is deficient for the BOMDD and various 
improvements are required to improve the distribution system, which will eliminate the 
pressure and velocity problems. The following improvements will be analyzed to improve 
the distribution system performance: 

• An In-Line Booster Pump Station (ILBPS) to boost system pressures from the North 
area to the Southport area of the City. A new pressure zone will be created in the 
Southport area when the pump station is in operation. This pump station will help 
improve the pressures in the Southport area of the City, thus eliminating the existing 
pressure problems and severe pressure problems projected at Buildout in the 
Southport area. 

• T-main improvements are required in the North and Southport areas of the City in 
order to improve the velocity problems in pipes with high velocities. Carollo performed 
various evaluations for T-main improvements within the North and Southport areas of 
the City and identified constructible alternatives for T-main improvements. These 
alternatives are described in detail later in this chapter. 
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Figure 6.2 BOMDD - Flow from HSPS  
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6.7.2 Buildout Maximum Day Demand Scenario with Improvements in the 
System (BOMDDBP24N) 

This is the BOMDD scenario with ILBPS and T-main improvements within the distribution 
system. This scenario includes a ILBPS between the North area distribution system and T-
main improvements to decrease the high velocities in pipes. This scenario is performed in 
order to determine the performance of the system with improvements to the BOMDD 
scenario. The basic objective of this scenario is to identify the most cost and performance 
effective solution to address the deficiencies in the distribution system. The following are 
the conditions used for this scenario: 

• The BOMDD model was used for the hydraulic analysis of this scenario. The reservoir 
improvements (described above) for the BOMDD are applied for this scenario. 

• ADD for the Year is 26.0 mgd. Thus, the MDD for the existing condition is 2.0 times 
the ADD, which is equivalent to 52.0 mgd. 

• The pattern obtained from 24-Hour Demand Pattern is used and is extended to 72-
hours for this hydraulic modeling scenario, demand patterns are described in detail in 
Chapter 4 of this report. 

• BOMDD Operations Pattern is used for this scenario. This pattern does not allow for 
double and triple pumping within the distribution system. 

• A total of 12 storage reservoirs are operating for this scenario; six- new storage 
reservoirs; four- existing storage reservoirs, one-reservoir replacement with higher 
volume reservoir; and one reservoir addition at one of the existing reservoir sites. 

• The storage reservoir operations are based on a volumetric turnover of about 30 
percent in each of the reservoirs. 

• No fire demand is applied to the distribution system.   

The following improvements are applied to the distribution system: 

• A ILBPS between the North and Southport area to create a high pressure zone south 
of the barge canal. 

• A 5,850 feet of 16-inch parallel T-main towards PSIP reservoir for.  

• A 5,500 feet of 24-inch parallel T-main either on Park Boulevard or on Maryland 
Avenue for about. (See Section 6.6.4 for additional description of this improvement) 

The results for this scenario are presented in Table 6.1; Case 3C indicates the results 
obtained for this scenario. The flow from HSPS and BPS is indicated on Figure 6.3. This 
figure indicates the similar flow pattern from HSPS and BPS. In addition, this figure 
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indicates the operational patterns at BPS. Pressures at the nodes near reservoirs, and the 
levels in the reservoirs are indicated on the figures in Appendix E (all Figures indicated as 
BOMDDBP24N in the title), Section 6.6.1 describes the flow pattern indicated on flows from 
HSPS graph. 

• No deficiencies are observed within the system with all the above system conditions. 

• Pipe velocities in a few pipes are higher than the normal range but are still acceptable 
and the pressures in the system are in normal range, except that there are greater 
pressure swings in the system during BOMDD conditions relative to the EMDD. 

• All the above-listed improvements are required in order to improve the distribution 
system and improve the distribution systems performance. The parallel T-main to the 
PSIP area shall be 16-inches in diameter instead of the 12-inch diameter T-Main 
recommended during the EMDD scenarios. 

Conclusion from this scenario is that the above-listed improvements are required to 
improve the deficiencies within the distribution system for better performance of the 
distribution system. A detailed cost analysis of the improvements in the North and the 
Southport area are presented in detail in Chapter 7 of this report. 

6.7.3 Buildout Maximum Day Demand Scenario with Improvements in the 
System and Industrial Fire in PSIP area (BOMDDBP24NIF)  

This is the EMDD scenario with an Industrial Fire Demand in the PSIP Area. The fire is 
placed at the industrial part of the PSIP Area (north of Barge Canal). Since the system is 
operating fine for the BOMDD conditions and with all the improvements, the system is 
tested for highest possible fire demands at a location with insufficient T-main capacity. 
Therefore, an industrial fire demand is applied to the PSIP area. The following are the 
conditions for this scenario: 

• The BOMDD model is used for the hydraulic analysis of this scenario. The reservoir 
improvements to the BOMDD are applied for this scenario. 

• ADD for the Year is 26.0 mgd. Thus, the MDD for the existing condition is 2.0 times 
the ADD, which is equivalent to 52.0 mgd. 

• The pattern obtained from the 24-Hour Demand Pattern is used and is extended to 
72-hours for this hydraulic modeling scenario, demand patterns are described in 
detail in Chapter 2 of this report. 
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Figure 6.3 HSPS and BPS Flow 
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• BOMDD Operations Pattern is used for this scenario. This pattern does not allow for 
double and triple pumping within the distribution system. 

• A total of 12 storage reservoirs are operating for this scenario; six- new storage 
reservoirs; four- existing storage reservoirs, one-reservoir replacement with higher 
volume reservoir; and one reservoir addition at one of the existing reservoir sites. 

• The storage reservoir operations are based on a volumetric turnover of about 30 
percent in each of the reservoirs. 

• A Fire Demand of 8,000 gpm for five hours is applied near the PSIP area. During the 
fire demands, the reservoir near the proximity of the fire is pumping and all other 
reservoirs are filling indicating that the system is stressed with high demands in 
various parts of the distribution system.  

The following improvements are applied to the distribution system: 

• A ILBPS between the North and Southport areas in order to create a higher pressure 
zone south of the barge canal. 

• 5,850 fee of 16-inch parallel T-main towards PSIP reservoir.  

• 5,500 feet of 24-inch parallel T-main either on Park Street or on Maryland Avenue. 
(See Section 6.6.4 for al the additional description of this improvement) 

The results for this scenario are presented in Table 6.2; Case 5 indicates the results 
obtained for this scenario. The flow from the HSPS, the pressures at the nodes near 
reservoirs, and the levels in the reservoirs are indicated on the figures in Appendix E (all 
Figures indicated as BOMDDBP24NIF in the title), Section 6.6.1 describes the flow pattern 
indicated on flows from HSPS graph. 

• The T-mains to the PSIP area are not sufficient to fulfill the demands and the fire 
demands in this area. The T-main improvements are required in order to improve the 
transmission capacity to the fire nodes in the area. 

• Pipe velocities near the fire demand nodes are higher than 10 feet per second, which 
is not acceptable for better performance of the distribution system since this velocity 
violates the velocity criteria. Hence, these pipes need to be paralleled for better 
transmission to the fire demand nodes in the PSIP area. 

• Another run is performed by extending the new 16-inch parallel pipeline from PSIP 
reservoir to the Seaport Boulevard in the PSIP. This improvement resulted in better 
transmission capacity and improved pressures in the PSIP area during industrial fire 
demand. Although the pressures in this area are less than 40 psi during these fire 
demands, they are in the acceptable range during the fire demands. 
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Conclusion from this scenario is that the new 16-inch parallel pipeline to the PSIP area 
should be extended 350 feet in order to improve the pressures in the PSIP area during an 
industrial fire. The new 16-inch parallel pipeline should be 6,200 feet instead of 5,850 feet 
as described for earlier scenarios.  

6.7.4 Analysis of T-main Improvements in the Distribution System 

New T-mains are required in the North and Southport areas of the distribution system for 
better transmission of water. These pipelines are evaluated in detail for cost effectiveness 
and constructability.  

6.7.4.1 New Parallel T-main in the North Area 

There is a deficiency in the North area transmission capacity, which results in a reduction in 
pressures at the southern part of the North area i.e., near the Barge Canal. In order to 
eliminate this deficiency, various alternatives are evaluated. The three alternatives 
evaluated for transmission capacity improvements in the North area are indicated on Figure 
6.4. The following are the alternative options for transmission capacity improvements in the 
North area: 

• Option 1: A 36-inch parallel T-main from Sacramento Avenue to Stone Boulevard 
near the Barge canal for 13,800 feet. This line runs through various streets from north 
to south. 

• Option 2: A-24-inch parallel T-main from Sacramento Avenue to Stone Boulevard 
near the Barge canal for 20,100 feet. The line runs along the South River Road in the 
North area of the City. 

• Option 3: A 24-inch parallel T-main from Webster Street to Stone Boulevard near 
Barge canal for 5,500 feet. This line runs along Park Boulevard or Maryland Avenue 
or Virginia Avenue (streets parallel to Park Boulevard). 

An evaluation is performed for the above options and is presented in Table 6.3.  

Based on the table, Option 3 is cost effective and the most desirable option. This option is 
based on routing a 24-inch main through Park Boulevard or Maryland Avenue. The City 
considers constructing the T-main along Park Boulevard to be non-feasible due to recent 
pavement improvements. Thus, this new T-main can be aligned on Maryland Avenue or 
through any other parallel street to Park Boulevard. In such case, the length of the T-main 
will increase slightly. All the capital improvement cost estimates and the CIP will be based 
on using Option 3 T-main improvements in the North area. 
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Table 6.3 North Area T-main Evaluation 
Water Master Plan Update 
City of West Sacramento 

Item Description Option 1 Option 2  Option 3 

T-Main Size 36-inch 24-inch 24-inch 

T-Main Length 13,800 feet 20,100 feet 5,500 feet 

Constructability Very Complex Complex Complex 

Probable Costs $8,000,000 $6,500,000 $1,800,000 

Hydraulic 
Improvement High  Low  Moderate 

Desirable Alternative Moderately Desirable Least Desirable Highly Desirable 

Ranking  Second Third First 

6.7.5 Conclusion from BOMDD Scenarios  

The hydraulic scenario for the BOMDD indicated significant deficiencies within the 
distribution system. The following system improvements are required for better performance 
of the distribution system. These improvements supersede any improvements described for 
the EMDD conditions of this chapter. 

• A parallel 16-inch pipeline for 6,200 feet towards the PSIP reservoir in order to 
improve the transmission capacity and to improve the pressures in the PSIP area. 

• An ILBPS at the barge canal in order to create higher-pressure zone south of the 
barge canal. The following advantages are identified with the ILBS: 

• The ILBPS alternative is the most cost-effective and constructible option in 
order to boost water from North area to Southport area.  

• The ILBPS option will eliminate the need for T-main improvements that run for 
miles and costs much higher than the ILBPS. This option will eliminate the T-
main construction on busy Jefferson Boulevard. 

• In addition, the ILBPS option will eliminate the new pipeline crossing across the 
barge canal. Since construction across the barge cannel will be difficult and 
also the future pipe maintenance will be highly complicated.  

• The ILBPS option will create a separate pressure zone in Southport area, 
providing greater flexibility to the operations staff i.e., the operations staff can 
turn-on and turn-off the pumps based on the demand and pressure 
requirements in the Southport area. 
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Figure 6.4 North Area T-main Improvements 
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• The ILBPS option has minimal interference with the public access areas in 
regards to traffic and dewatering issues during construction. 

• The ILBPS will become an essential facility for the distribution system operation 
in order to accommodate for increase in demands. 

• No site acquisition is required since the ILBPS can be constructed in the space 
available near the central reservoir. 

• New storage reservoirs as described in the above sections. 

• Parallel 24-inch T-main on Maryland Avenue or Virginia Avenue for about 5,500 feet.  

• Other improvements related to the new developments. 

The above improvements will make the system operate efficiently during various demand 
conditions. The actual pipes and costs for the new improvements are presented in future 
chapters of this report. 
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Chapter 7 

METER IMPLEMENTATION PLAN 

7.1 BACKGROUND 
The City currently meters all non-residential customers. Meters are installed on these 
commercial and industrial services and these customers are charged according to the size 
of the water service and the amount of water used within the billing period. Apartment and 
mobile home complexes are billed similarly, and are qualified (along with the commercial 
and industrial customers) as General Service, metered accounts. Altogether, and as of 
November 30, 2004, there are 1,184 accounts that are billed under this General Service, 
metered customer class. 

A meter implementation plan is recommended to provide similar infrastructure, meter 
reading, and accounting capabilities for all residential customers of the City. These 
residential customers are currently billed on a flat rate established for: single family with a 
3/4-inch service size; single family with a 1-inch service size; single family with a second 
unit; and duplexes. The residential customers will ultimately be charged based on meter 
size and volume of actual water used, which reflects capacity and commodity rate 
components, respectively. 

Many of the City’s residential customers already have meters within meter boxes on their 
water service line, as these facilities were mandated for new construction starting in 1992. 
However, these meters are not read since all residential customers are charged based on 
the flat rate structure, not according to water use. Radio read meters were installed starting 
in 1997. Transmitters must still be installed in these meter boxes to actuate the radio read 
meters, as transmitters and their limited-life batteries were purposely not installed with the 
meter. About 34 percent of the City’s 10,277 residential customer buildings were 
constructed after 1997, and as such, only installation of the transmitters with batteries are 
required for these customers. However, the 66 percent of residential customers (those in 
housing built prior to 1997) require a range of improvements from installing a meter and 
transmitter in an existing meter box to installing a new water service line with meter box, 
meter, and transmitter. 

This chapter provides information and recommendations on the infrastructure, 
administrative, and accounting improvements required to fully meter all customers in the 
City. The recommended metered rate structure is presented in the Financial Analysis 
chapter, Chapter 9. 
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7.2 CENTRAL VALLEY PROJECT CONTRACTOR 
REQUIREMENTS 

Assembly Bill No. 514 (AB 514) became law in 2003 and promulgated that all Central 
Valley Project (CVP) municipal contractors are required to install water meters on all 
residential and commercial services constructed prior to 1992. This bill was enacted in 
order to prevent the loss of water supplies by CVP municipal contractors, which fail to 
comply with federal water metering requirements. AB 514 applies to all municipal water 
suppliers that receive CVP water, including the City, as well as other cities such as 
Roseville and Fresno. Water meter implementation recently started in the City of 
Sacramento based on requirements of recent legislation other than AB 514, as Sacramento 
does not receive CVP water. 

The City is required to: 

• Install water meters on all service connections to residential and commercial buildings 
constructed prior to January 1992, no later than January 1, 2013. 

• Begin charging customers for water based on actual volume used commencing no 
later than March 1, 2013. 

The cost of providing services related to the purchase, installation, and operation and 
maintenance of water meters may be recovered from rates, fees, and charges. Additional 
information on the affect of AB 514 on the City water policy is presented in the Kronick, 
Moskovitz, Tiedemann & Girard, December 5, 2003, memorandum: Update on AB 514 
Requiring Central Valley Project Municipal Contractors to Install and Operate Water Meters. 
A copy of this memorandum is presented in Appendix E. 

7.3 EXISTING METERING INFRASTRUCTURE 
The initial step in estimating the extent of meter implementation for the City is to define the 
existing metering infrastructure. Based on information provided from the City’s accounting 
department, residential flat rate customers’ information is provided in Table 7.1. This 
information is based on the number of accounts as of November 30, 2004. 

The grand total of flat rate services, including the five services, which are qualified as 
General Service, flat rate accounts, is 10,277 (10,272 + 5 general services) services. Out of 
this total, 66 accounts (62 Residential and 4 General Service) are billed on a citywide basis, 
as a convenience for customers who own multiple residential and/or commercial properties. 

The City also provides water service to all commercial and industrial customers, as well as 
apartment and mobile home complexes. All of these services are fully metered and are 
charged based on the volume of water used during a billing period. These customers are 
qualified as General Service, metered customers, totaling 1,184 accounts. The total number 
of water service accounts (as of November 30, 2004) are 11,570, which includes 109 
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Table 7.1 Residential Flat Rate Accounts 
Water Master Plan Update 
City of West Sacramento 

Type/Size of 
Meter 

Broderick 
and Bryte 

Southport Central Billed as 
Citywide 

Total 

3/4-inch 2,727 3,094 2,504 41 8,366 
1-inch 225 1,220 51 6 1,502 

2nd unit 147 93 147 15 402 
Duplex 1 0 1 0 2 
Total 3,100 4,407 2,703 62 10,272 

Notes: 
(1) There are an additional 5 General Service Flat Rate accounts, which require meters. 

(2) 485 new homes, which are pending sale in the Southport Area, have been included. 

(3) Billed as City wide accounts are for property owners with multiple accounts. 

irrigation meters at public parks and along median strips. Thus, residential flat rate accounts 
are 89 percent of the total number of accounts. However, based upon higher water usage 
by the General Service Metered customers, water used by residential flat rate accounts 
ranges between 60 to 70 percent of the total water produced by the City. 

Meters have been installed for all residential water services starting in 1992. These services 
include a meter box and radio read meter, but excludes the MXU transmitter. The City 
purposely did not install these transmitters, as the battery life is limited in these transmitters 
to about ten years. Thus, these transmitters, if installed, would need to be replaced once 
the City started reading meters on residential accounts. Instead, the City and meter 
suppliers stored the transmitters for later installation. Installation and testing of the 
transmitters can be done relatively quickly, within a 30-minute period, which will activate the 
radio read meters. The number of new residential permits, by fiscal year (July 1st through 
June 30th), is presented in Table 7.2. These 3,823 residences are almost all located in the 
Southport area, which has experienced a huge increase in new residences, starting in Year 
2000. Assuming that all these residences are located in Southport, the number of 
residential units constructed prior to 1992 in Southport is 584; therefore, there are a total of 
4,407 (3823 + 584) residential accounts in Southport (Table 7.1). 

Radio read meters were installed starting in 1997. Thus, a total of 3,524 residential services 
constructed since 1997 will only require installation of the MXU transmitters. Those 
remaining residential services in Southport, 299 (during FY 1996-97, there are a total of six 
meters of which three are assumed to be pre-1997 permits) services between 1992 and 
1997, and 584 services prior to 1992, were installed with older-type meters, not the radio-
read meters which are in accordance with the City’s current standard. These 883 meters 
will need to be replaced with radio-read meters with transmitters. There are 104 backyard 
services in Southport that will be replaced with the Main Replacement Program. 
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Table 7.2 Residential Permits Since 1992 

Water Master Plan Update 
City of West Sacramento 

Fiscal Year Subtotal Period 
Number of 

Permits Subtotal 

1992-93  100  

1993-94  156  

1994-95  22  

1995-96  18  

1996-97 1992-1997 6 299 

1997-98  7  

1998-99  35  

1999-2000  123  

2000-01  945  

2001-02  748  

2002-03  653  

2003-04  713  

2004-05 1997-2005 300* 3,524 

TOTAL 3,823 3,823 

* Estimate for July 1 through November 30, 2004. 

The City has kept account of meter retrofit installations in the northern part of the City, 
which were installed as part of pipeline replacement projects over the previous 10 years. 
Meter boxes were installed on existing residential water service lines, with jumpers (not 
meters) installed in the meter box. These jumpers have valves so they can be readily 
removed to make space for a water meter. The City was planning ahead with these 
projects, as construction for replacing water mains was combined with the installation of 
new services lines and meter boxes at parcels along the water main alignment. Based on 
discussions with City staff, improvements were also made to 438 individual residential 
services over the past few years. Shut off valves were necessary at these residences and 
the City installed these and jumpers within the meter boxes. These projects, with the 
number of water service lines retrofitted with a meter box, are listed in Table 7.3.  A total of 
1,564 services will require installation of radio read meter with the MXU transmitter. 
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Table 7.3 Meter Box Installations in the North Area 
Water Master Plan Update 
City of West Sacramento 

Year Main Replacement Project Location 
Number of Meter 
Boxes Installed 

1994 Alabama Avenue, 15th & 19th Streets 163 

1995 Riverbank Road, Water Street 36 

1997 6th Street 213 

1998 Vermont Avenue 199 

1999 Elkhorn Village 258 

2000 Westacre Subdivision 236 

2001 Jefferson Boulevard 21 

- Individual Water Service Line Improvements 438 

 TOTAL 1,564 

Note: Only water meters with transmitters will be installed at these services. 

Based on the information provided in the tables above, the following improvements and 
number of residential services required are: 

• Installation of a transmitter only (3,524 services) 

• Installation of a meter and transmitter at locations where mains have been replaced 
(1,564 services) 

• Replacement of pre-1997 meters with radio-read meter and transmitter, (883 
services)  

The remaining 4,306 services (10,277 minus services listed above), will require either: 

• Installation of a meter box, meter, and transmitter 

• Installation of a meter and transmitter after installation of the services and meter box 
with main replacement projects 

Based on information provided from the City on their Main Replacement Program (which is 
described in Chapter 8), 1,763 services will be replaced with main replacement construction 
projects by year 2010.The cost for these 1,763 meters and transmitter is included in the 
meter implementation program (Table 7.4). 
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7.4 METER INFRASTRUCTURE AND IMPLEMENTATION COSTS 
Based on the breakdown of improvements (described above) to fully meter all residential 
services, the construction and administrative costs of fully metering the City were 
estimated. Unit construction costs were based on estimates obtained from suppliers and 
estimates developed for metering implementation plans for other water agencies. 
Implementation costs were estimated at 30 percent of the construction cost estimate and 
includes administrative costs, engineering, inspection, and a Public Outreach Plan, which is 
described in the next section. 

The breakdown for the 10,277 residential services is presented in Table 7.4. The overall 
cost for the meter implementation plan is $4,332,000. Construction and installation will be 
contracted out to qualified contractors. As an alternative, meter infrastructure could be 
installed and constructed by City crews. Two crews each with three persons would be 
required to meet the AB 514 target deadline. It is recommended that the City assign a 
single City staff member to oversee all aspects of the meter implementation plan including 
construction contract administration. In addition to construction costs, there are operational 
costs for meter implementation. The operational cost for FY 2005-06 is estimated at 
$100,000, including an additional meter reader and associated vehicles/equipment. 

The City will have to develop clear bid and contract documents, inspect work performed by 
the contractor, and provide an interface between customers and contractor work crews. The 
City will have to tap staff expertise to provide the management and oversight of the 
metering program. Some tasks, such as construction inspection, can be contracted out. 

It is recommended that the City coordinate with the City of Sacramento for information on  
both public outreach efforts and construction contracting. As both cities are implementing 
similar programs (albeit the City of Sacramento is much larger and their program includes 
replacement of many back-yard mains with new street mains), there is an opportunity to 
optimize costs of the respective programs. Also, pilot programs with qualified contractors for 
installing metering infrastructure is recommended. A small number of services, perhaps 
100, could be metered and the performance of these contractors determined for pre-
qualifying contractors for larger contracts. 

7.5 PUBLIC OUTREACH PLAN 
The benefits, costs, requirements, and funding of a meter implementation plan must be 
evident and transparent to those who will benefit and pay for the program: the City 
customers. As has happened in other communities, water metering can be misunderstood 
and may potentially become a contentious topic within the community. Properly introducing 
the program to your customers and decision-makers will pay back in the long run. Therefore 
investment in a public outreach plan is highly recommended. 
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Table 7.4  Meter Infrastructure and Implementation Costs

                 Water Master Plan Update

                 City of West Sacramento

Meter Installation Type Number of Unit Construction Total Cost Implementation Grand Total
Installations Costs ($) 0.30 ($)

Install MXU Transmitter Only (Note 2) 3,524 $50 $176,200 $52,860 $229,060

Install Meter with MXU Transmitter 1,564 $240 $375,360 $112,608 $487,968

Replace Pre-1997 Meters in Southport (Note 3) 883 $240 $211,920 $63,576 $275,496

Install Box and Meter with MXU Transmitter 2,543 $820 $2,085,260 $625,578 $2,710,838

Install Meter and Transmitter after Mains are Replaced 1,763 $240 $423,120 $126,936 $550,056
(Notes 4, 5, & 6)

Totals 10,277 $3,271,900 $981,600 $4,253,000

Assumptions:

1)  Number of flat rate services as of Nov 30, 2004: 10,277

2)  There are no existing meters with MXU transmitters already installed (ready for reading). New (2005) housing developments to install MXUs. 

3)  MXU transmitters have been stored (by City and suppliers since 1997) and need only to be installed on the existing meter and tested.

4)  Southport area meters installed prior to 1997 are unlikely to be radio read units. Existing meters will be replaced with radio-reads.

5)  224 backyard services will be replaced as part of the Main Replacement Program. 104 backyard services are in Southport.

6)  1,763 service lines and boxes will be installed with the Main Replacement Program, only the costs for Meter and Transmitter are included.

7)  Implementation Costs include Administrative, Public Outreach, and Engineering Costs, estimated at 30 percent of construction costs.

H:\Client\Westsac_Sac\6954a00\Cost Estimates\Preliminary Cost Estimates(1).xls
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The public outreach plan would first entail defining the community’s understanding of meter 
implementation. Both quantitative and qualitative research will allow the City to establish 
baseline knowledge about their customers’ perceptions of water meters. A telephone 
survey and focus group research are recommended to determine the public’s perception of 
water supply, water use, metering, and conservation. Based on the research findings a 
public outreach strategy will be developed. 

A major objective of the outreach strategy is to be proactive in all communications related to 
water metering. There are many opportunities to inform various groups in the City about 
meter implementation, including presentations and public workshops with: 

• Neighborhood associations 

• Business groups 

• The Chamber of Commerce 

These meetings, conducted early in the program, combined with articles in local papers, 
such as the News Ledger and West Sacramento Press, and on bill stuffers will inform a 
broad range of the public about the metering program. Program information can also be 
dispersed during the City’s Water Awareness Program (held in May). Interest in and 
support for water metering will grow as outreach is conducted, and many commonly heard 
questions can be addressed in a straight-forward and expeditious manner. 

The outreach strategy will most likely include establishment of a website and telephone 
hotline. These communication tools will provide your customers with the means to 
understand the program and ask pertinent questions. If the need be, an ad hoc group, 
including customers and community leaders, can be established to oversee the metering 
program. The more the public is involved in the program, the more likely for success with 
minimal public contention. 

In addition to improving communications, the outreach strategy will outline efforts required 
during construction to inform customers of specific construction schedules and necessary 
water shutdowns. These recommendations will be incorporated into project contract 
requirements to ease construction impacts. 

Overall, the public outreach plan will be structured to address the City’s specific needs and 
contribute to a smooth meter implementation. 

7.6 WATER CONSERVATION AND METERING MAINTENANCE 
The City customers will conserve water after meters are installed and the metered rate 
structure billing begins.  Although difficult to precisely estimate, the (Sacramento Area) 
Water Forum Process estimated that there could be a reduction of 25 percent of outdoor 
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water use and 10 percent of indoor water use due solely to metering and commodity 
pricing. Other Best Management Practices (BMPs), including water audits, low flush toilets, 
and water efficient landscaping and irrigation systems can bring further reductions in water 
usage of up to 20 percent. The City should consider metering as only one aspect of an 
overall water conservation program, which can significantly reduce water treatment and 
pumping costs well into the future. 

Currently, two meter readers traverse the City over two days to record water use on almost 
1,200 commercial and industrial meters. The vast majority of these meters are now radio 
read as City crews have retrofitted many services over the previous ten years. A hand-held 
unit is used, which has a 100 to 500 foot reading range. 

One meter reader will be required to read meters, on either a monthly or bi-monthly basis, 
and maintain meters, including replacing transmitter batteries. At least two City staff 
members should be trained to be able to read and maintain the meters. Vehicle based 
interrogators have a reading range of approximately 1,000 feet and the entire City can be 
read during a single day of traversing the City. A small antenna, interrogator unit, and a 
laptop PC are required. Battery life is estimated at 10 years, and as such an estimated 
1,000 units will need replacement every year, which will be more time consuming than the 
actual meter reading. A vehicle-based system is recommended when residential meters are 
read. 

Discussions with City staff have concluded that calibration and testing of meters 1 inch and 
less is not a viable economic option instead it is economical to replace these meters with 
new ones. The useful life of  these meters is estimated to be 15-years. All the meters that 
are larger than one inch should undergo a periodic maintenance that includes testing, 
calibration, repair work etc. It is more cost effective to perform the regular maintenance on 
these meters rather than replacing them.  

Based on the available operation and maintenance data, the City should estimate the future 
costs of operation and maintenance for metering implementation. As described in Section 
7.4, a budgetary estimate of $100,000 is allocated for FY 2005-06. In addition, a budgetary 
estimate of $30,000 for calibrating, testing, and repair of the existing meters is allocated for 
FY 2005-06. These costs are only budgetary allocations for Financial Analysis for FY 2005-
06; the actual costs may vary. These costs will increase with the increase in actual number 
of meters that become operational within the City. 
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CHAPTER 7 METER IMPLEMENTATION PLAN SUMMARY FLOW CHART 
WATER MASTER PLAN UPDATE 
CITY OF WEST SACRAMENTO 
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Chapter 8 

CAPITAL IMPROVEMENT PROGRAM (CIP) 
This chapter presents all the projects recommended in the Water Master Plan Update. The 
costs and schedules of projects are developed based on the hydraulic model analysis using 
criteria established at the beginning of this project and through input from City staff. Many 
projects are related to growth, particularly in the Southport area. The deficiencies within the 
system and facilities required to accommodate growth were identified and are described in 
detail in previous chapters. In addition, there are: 

• Improvements recommended by operations staff 

• Improvements to replace old, leaky, undersized, and backyard water mains and 
services on streets under Measure K pavement replacement program 

• Metering implementation within the City 

The current and future financial situations of the City will be considered for implementing 
the projects identified during the hydraulic analysis. The implementation period of each 
project will be determined based on the need and the economics of the City’s finances. The 
financial analysis chapter will define the budgetary constraints, if any, for implementing 
each system improvement project. The basic purpose of the CIP and financial analysis of 
this report is to allow the scheduled implementation of the recommended projects based on 
the hydraulic model results and City staff’s input, without excessively increasing the water 
rates. Therefore, many possible alternatives will be considered so that the City could 
balance the cost of system improvements versus risk of system deficiency to realistically 
finance these projects.  

The CIP for the City is based on the following: 

• City’s Planning Department projections of various developments within the City 
boundaries 

• City staff input on various deficiencies 

• Hydraulic analysis of the existing and future distribution systems 

• Site visits to the reservoir and pump station facilities 

• Site visit to the City’s water treatment facility 

• Review of the City’s Water Main Replacement Program 

• Metering Implementation Plan 

• December 1994-Water Master Plan, Final Report 
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• March 2004-Treated Water Storage Analysis, Final Technical Memorandum 

• September 2004-Water Master Plan Update -Basis of Planning, Final Report 

After the initial evaluation of the City’s distribution system facilities, Carollo established 
various categories of improvements within the City’s distribution system. These categories 
are: 

• T-main Improvements 

• Reservoirs and Pump Station Improvements 

• Water Main Replacement Projects 

• Metering Implementation Plan 

• Operational Improvements 

All the above improvements are necessary for efficient performance of the distribution 
system. Most of the improvements are recommended in order to accommodate future 
growth, based on land use defined within the City’s current General Plan (Year 2000). The 
time-period of each project is determined based on the necessity of each project relative to 
current deficiencies and the City’s future growth pattern. As a part of the CIP, a schedule of 
the project implementation and associated costs is presented in the following sections and 
chapters. Once a project is categorized, it is necessary to define the time-period of each 
project. The planning period for this Master Plan Update will be from Fiscal Year (FY) 2005-
06 through FY 2019-20, and is divided into three time frames. These time frames are 
defined as follows: 

• FY 2005-06 to FY 2009-10 

• FY 2010-11 to FY 2014-15 

• FY 2015-16 to FY 2019-20 

(Note: FY starts from July 1 of the year and ends on June 30 of the following year.) 

The projects are classified into various time-periods based on the significance and the 
necessity of the project with increasing water consumption demands. Year 2020 is 
acknowledged by City planning staff to be the horizon of the current General Plan (Year 
2000). 

The improvements and the time-period of the improvements are described in the following 
sections: 

FINAL – May 2005  
H:\Final\West Sac_SAC\6954A00\Master Plan\Final\CHAPTER 8.doc 

8-2



8.1 TRANSMISSION MAINS (T-MAINS) 
These are the improvements to the system to transmit water from treatment source to 
customers in the distribution system. The T-mains are the larger pipelines in the system, 
generally 12-inches and larger. The larger pipelines are the backbone to the distribution 
system and the smaller distribution pipelines are used to transmit water from the T-mains to 
the customers. The following T-mains are required during various periods within the 
distribution system. 

8.1.1 FY 2005-06 Through FY 2009-10 Improvements 

FY 2005-06 through FY 2009-10 improvements are the improvements that are required to 
the distribution system for the existing conditions as well as new development. These 
improvements are required to address existing deficiencies and serve new growth areas 
and shall be constructed and operational within the next five years. The pipelines that need 
to be installed during this period are indicated on Figure 8.1, some of the pipelines are to 
improve deficiency in the existing system and some to distribute water to future 
developments particularly in the Southport area. The following improvements are required 
during FY 2005-06 through FY 2009-10: 

8.1.1.1 Parallel Pipeline toward PSIP Reservoir (Project P01 and P02): 

This pipeline is indicated on Figure 8.1. A 16-inch parallel pipeline is required on West 
Capital Drive from Northrop Drive to PSIP Reservoir for a length of 6,000 feet. This pipeline 
improvement is required to increase the transmission capacity to the PSIP area, since the 
existing transmission capacity to the area is not sufficient for the required turnover in 
volume at the PSIP reservoir. In addition, this T-main bridges reservoir capacity between 
the PSIP area and the rest of the system. The following are the details of the project: 

• The total length of the 16-inch pipeline is 6,000 feet. 

• Implementation period of the project is FY 2008-09 for design and FY 2009-10 for 
construction. 

• Funding source for this project is the City (Existing Rate Payers), since this project 
addresses a deficiency in the existing system. Without the industrial fire demand, a 
12-inch pipeline is sufficient in this stretch; the additional capacity is required to meet 
the industrial fire demand in this area.  

• The estimated cost for the project in Year 2005 Dollars is $1,075,200. 

Justification: PSIP is an industrial area that formally was in its own zone. Now that it is 
connected to the rest of the distribution system, the T-mains leading to the PSIP area are 
not sufficient to meet the fire demands in the area. During the hydraulic analysis, if an 
industrial fire is applied to the PSIP area, the existing mains are not sufficient to meet  
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Figure 8.1 T-Main Improvements 
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the fire demands. Hence, this project is necessary to meet the fire demand in the PSIP 
area. 

A summary of the cost details is presented in Table 8.1. Project Numbers P01 and P02 
indicate the above-described pipeline. 

8.1.1.2 Parallel Pipeline from PSIP Reservoir to Seaport Boulevard (Project P03): 

This is a new 16-inch pipeline required to bridge the PSIP reservoir to the industrial area. 
This pipeline is necessary to meet the industrial fire demands in the PSIP area. The 
following are the details of the project: 

• The total length of the 16-inch pipeline is 2,500 feet. 

• Implementation period of the project is FY 2005-06 through FY 2009-10. 

• Funding source for this project is the City (Existing Rate Payers), since it is a 
deficiency in the existing system. The pipeline is required to meet the industrial fire 
demand in this area. 

• The estimated cost for the project in Year 2005 Dollars is $448,000. 

Justification: The new 16-inch parallel pipeline assists the existing distribution near the 
PSIP by providing the necessary water supply to the industrial area of the PSIP in the event 
of an industrial fire. Without this T-main, it is difficult to supply water to the industrial area 
during a fire and still maintain minimum required pressure of 20 psi during industrial fire 
demands of 8,000 gpm for a duration of 5 hours. 

A summary of the cost details is presented in Table 8.1. Project Number P03 in the table 
indicates the above-described pipeline. 

8.1.1.3 New Pipeline to the New Reservoir in the Bridgeway Lakes II Area (Project 
P04, P05, and P06): 

This pipeline is indicated on Figure 8.1. These pipelines are the new 12-inch and 16-inch 
pipelines to the new reservoir in the Bridgeway Lakes II area. The new reservoir is required 
to fulfill part of the storage deficiency in the existing Southport area distribution system as 
well as provide storage for the new Bridgeway Lakes II development. The following are the 
details of the project: 

• The total length of 12-inch pipeline is 3,000 feet. 

• The total length of the 16-inch pipeline is 2,300 feet. 

• Implementation period of the project is FY 2005-06. 
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Table 8.1 T-main Improvements  
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• Funding source for this project shall be provided by the Developer (impact fees). 

• The estimated cost for the project in Year 2005 Dollars is $802,800. 

Justification: This storage reservoir is required per the storage requirements for existing 
and new developments in order to meet the storage criteria. The 12-inch and 16-inch T-
mains are required for transmission of water to and from the new storage reservoir. These 
pipelines are required in the near future as development occurs.  

A summary of the cost details is presented in Table 8.1. Project Numbers P04, P05, and 
P06 indicate the above-described pipeline projects.  

8.1.1.4 Parallel Pipeline on Park/Maryland (Project P07): 

This is a new 24-inch pipeline required on Park/Maryland/Virginia for better transmission in 
the North Area. With the increasing demands in the distribution system, more water needs 
to be routed from one area to the other thus maximizing the capacity of the existing 
distribution system. The pressures in the North area fell considerably near the barge canal 
compared to the pressures at the treatment plant, therefore the T-main on 
Park/Maryland/Virgina is required to bridge the northern and southern parts of the North 
area. A detailed analysis on bridging the northern and southern parts of the North area is 
described in detail in the Hydraulic Analysis chapter (Chapter 6). The following are the 
details of the project: 

• The total length of the 24-inch pipeline is 5,500 feet. 

• Implementation period of the project is FY 2008-09 to FY 2009-10. 

• Funding source for this project is the City (Existing Rate Payers), since it is a 
deficiency in the existing system. 

• The estimated cost for the project in Year 2005 Dollars is $1,409,100. 

Justification: With the existing system and with increased demands in the North area the 
pressures in the southern part (just north of the Barge Canal) of the North area fell 
considerably below 40 psi (i.e., the existing distribution system is not sufficient to transmit 
flows at required pressures). The 24-inch parallel line on Park Boulevard, Maryland 
Avenue, or Virginia Avenue will assist in transmitting water between the northern and 
southern parts of the North area and improve the pressures near the Barge Canal area. 

A summary of the cost details is presented in Table 8.1. Project Number P07 in the table 
indicates the above-described pipeline. 
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8.1.1.5 New Pipelines in the Southport Area (Projects P08 through P21): 

As indicated on Figure 8.1, several pipelines are required in the Southport area for all the 
new developments. These T-mains transmit water from treatment source to the new 
customers in the Southport area. The following new communities need to be provided with 
new T-mains, these communities include: 

• PAIK Community 

• Newport Estates and surrounding Communities 

• Parlin Ranch 

• Richland Communities 

• Bridgeway Lakes II 

The alignment indicated on Figure 8.1 is just a schematic used for hydraulic analysis. The 
actual alignment may vary, as the pipelines must be aligned within streets of the new 
development. As listed in Table 8.1, some of the T-mains are required between FY 2005-06 
through FY 2009-10 and other improvements are required in the later years. The timing of 
the developments will trigger the timing of the infrastructure improvements. The following 
are the details of the project: 

• The total length of the pipelines required is 6,950 feet of 24-inch, 36,0050 feet of 16-
inch pipelines and 26,600 feet of 12-inch T-mains. 

• Implementation period of the project is FY 2005-06 through 2009-2010. 

• Funding source for this project is the Developer (impact fees) of each individual area. 
The Developer bears the upfront costs of transmission and distribution mains in a 
new development. 

• The estimated cost for the project in Year 2005 Dollars is $11,704,300. 

Justification: All new developments requires new T-mains and it is important to have the 
required T-mains in place before the first customer moves into the development. Although 
all of these improvements are tentatively scheduled for this time-period, in actuality, these 
improvements might happen before or after this time-period. These new pipelines will 
create large 16-inch and 12-inch loops in the Southport area, providing transmission 
capacity from the north to the new reservoirs required for the new developments. 

A summary of the cost details is presented in Table 8.1. Project Number P08 through P21 
in the table indicates the above-described pipeline. 
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8.1.2 FY 2010-11 Through FY 2014-15 Improvements 

These are the T-mains required after the City completes all the necessary projects 
scheduled between FY 2005-06 through FY 2009-10. The pipelines required during this 
period are indicated on Figure 8.1; the T-mains are required to distribute water to the future 
developments. The following are the pipelines required during this period:  

8.1.2.1 New Pipelines in the Southport Area (Projects P22 through P25): 

All these T-mains are required to supply water within the distribution system of the new 
communities. All the new communities in the Southport area listed in the above sections 
need 16-inch and 12-inch T-mains. The following are the details of the project: 

• The total length of the pipelines required is 3,400 feet of 18-inch and 10,600 feet of 
12-inch T-mains. 

• Implementation period of the project is FY 2010-11 through FY 2014-15. 

• Funding source for this project is the Developer (impact fees) of each individual area. 
The Developer bears the upfront costs of T-mains in a new development. 

• The estimated cost for the project in Year 2005 Dollars is $2,094,200. 

Justification: All the new developments need T-mains and it is important to have the 
required T-mains in place before the first customer moves into the development. Although 
all of these improvements are tentatively scheduled for this time-period, in actuality, these 
improvements might happen before or after this time-period. 

A summary of the cost details is presented in Table 8.1. Project Number P22 through P25 
in the table indicates the above-described T-mains. 

8.1.3 FY 2015-16 Through FY 2019-20 Improvements 

Most of the improvements required within the distribution system are scheduled prior to this 
time-period. There are no major improvements scheduled for this time period except for an 
optional T-main improvement on Linden Road. The improvement scheduled for this time 
period is indicated on Figure 8.1. The following is the improvement scheduled for this time-
period: 

8.1.3.1 Parallel Pipeline On Linden Road From Jefferson Boulevard to Stonegate 
Drive (Project P26): 

This pipeline which will parallel an existing 16-inch main with a new 12-inch main from 
Jefferson Boulevard to Stonegate Drive on Linden Road. This line will improve the 
transmission capacity of the system from Linden Road to east areas of Jefferson 
Boulevard. The following are the details of the project: 

FINAL – May 2005  
H:\Final\West Sac_SAC\6954A00\Master Plan\Final\CHAPTER 8.doc 

8-9



• The total length of the 12-inch pipeline is 2,100 feet. 

• Implementation period of the project is Year FY 2015-16 through FY 2019-20. 

• Funding source for this project is by the Developer (Impact fees), since the existing 
pipeline will be deficient due to increase in demands in the areas east of Jefferson 
Boulevard. 

• The estimated cost for the project in Year 2005 Dollars is $273,400. 

Justification: In this stretch, the existing 16-inch pipeline is sufficient if the future 
development in the area is as per City’s General Plan. The velocities in the 16-inch pipe are 
over six feet per second during a MDD scenario at buildout condition. If the development in 
this area is any denser than the General Plan, a 12-inch parallel pipeline is required in this 
stretch for water supply.  

A summary of the cost details is presented in Table 8.1. Project Number P26 in the table 
indicates the above-described pipeline. This project is not required if the development east 
of Jefferson Boulevard in Newport Estates and PAIK communities is as per the General 
Plan (Year 2000). 

This project is required if the development is denser than the development proposed in 
General Plan. 

8.1.4 Summary of T-main Improvements 

The T-main improvements are very important for meeting growing demands in City’s 
distribution system. T-mains enhance the capacity of the distribution system, thus 
increasing the efficiency of conveying water from treatment source to the customer, who 
benefits from improved pressures.  The existing deficiencies and the timing of the 
developments will trigger the timing of the T-main improvements. The projects are 
scheduled for various time-periods based on the currently available information from the 
City. The scheduled time periods may change since the timing of the new developments 
could vary. 

8.2 RESERVOIR AND PUMP STATION IMPROVEMENTS 
The reservoir and pump station improvements are the improvements that enhance the 
distribution system operationally and increase the flexibility of the system operation. The 
reservoirs are the storage elements that store water during the low demand periods and 
deliver water during the high demand periods. The pumps are required to boost the water 
into the system to desired pressures as all reservoirs within the City are surface reservoirs 
(located below the hydraulic grade line). The reservoirs also supplement the distribution 
system in case of emergency and fire situations. Every reservoir shall be accompanied with 
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a properly sized pump station in order to boost water into the distribution system. Every 
reservoir contains three types of storage volume, which are: 

• Operational Storage 

• Emergency Storage  

• Fire Storage 

The requirements for each type of volume are described in detail in the Storage Criteria 
Chapter (Chapter 5). The following are the storage improvements required in the 
distribution system during various periods: 

8.2.1 FY 2005-06 Through FY 2009-10 Improvements 

The existing system has a storage deficiency of 4.2 MG, so additional storage capacity 
should be constructed and be operational at the earliest possible time frame. This 
deficiency is directly related to the existing Year 2004 demands, which have increased by 
22 percent as compared to Year 2003 water production. There is also a 0.65 MG of volume 
shortage for the under-construction Bridgeway Lakes II development in the Southport area. 
In addition, the existing pump station at the PSIP reservoir needs to be replaced with a new 
pump station. All the improvements required during this period are indicated on Figure 8.2. 
The following are the details of the projects required during this period: 

• R&PS01: New 1.9 MG reservoir and pump station in the new The Rivers 
development. Implementation period is FY 2005-06 to FY 2006-07 with a total project 
cost of $4,082,300 in Year 2005 Dollars. 

• R&PS02: The existing pumps at PSIP were sized based on a separate and higher-
pressure zone. These pumps will be removed and replaced with new 125 HP and 75 
HP pumps, properly sized for the distribution system. Implementation period is FY 
2008-09 to FY 2009-10 with a total project cost of $591,500 in Year 2005 Dollars. 

• R&PS03: Replace the existing 1.0 MG Southport Reservoir with a new 3.0 MG 
reservoir at the existing Southport reservoir location. The City has been planning to 
replace this old reservoir for several years. Implementation period is FY 2007-08 to 
FY 2008-09 with a total project cost of $4,355,100 in Year 2005 Dollars. 

• R&PS04: New 2.2 MG reservoir and pump station in the Newport Estates 
development. Implementation period is FY 2007-08 to FY 2008-09 with a total project 
cost of $4,185,500 in Year 2005 Dollars. 

• R&PS05: New 2.1 MG reservoir and pump station at PAIK development. 
Implementation period is FY 2008-09 to FY 2009-10 with a total project cost of 
$3,895,400 in Year 2005 Dollars. 
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• R&PS06: New 2.0 MG reservoir and pump station at Richland Communities. 
Implementation period is FY 2008-09 to FY 2009-10 with a total project cost of 
$3,877,900 in Year 2005 Dollars. 

• R&PS07: Install a new 2.85 MG reservoir and pump station south of the Bridgeway 
Lakes II development. Implementation period is FY 2005-06 with a total project cost 
of $4,651,400 in Year 2005 Dollars. 

• R&PS08: This project is a new reservoir and pump station for Triangle and Pioneer 
Bluff areas scheduled during future time frames.  

• R&PS09: In addition, new ILBPS that boosts water from the North area to the 
Southport area. Implementation period is FY 2006-07 to FY 2007-08 with a total 
project cost of $2,329,200 in Year 2005 Dollars. 

• Funding for all the above projects shall be provided by either the City (Existing Rate 
Payers) or the developer (impact fees). Funding for projects R&PS02 and R&PS03 
should be 100 percent provided by the City (existing rate payers). These are the 
projects to eliminate the deficiencies in the existing distribution system. R&PS02 
partially eliminates the existing pumping deficiency at the PSIP reservoir and 
R&PS03 partially eliminates the existing storage deficiency within the distribution 
system. All other projects during this time-period are growth related projects and 
should be funded by the developers (impact fees) of the new developments. 
Developers will be reimbursed for Regional Improvements through impact fees. 

• The estimated costs for the entire reservoir and pump station improvements during 
this period are $27,968,330 of which $4,946,600 will be paid by the City (existing rate 
payers) and $23,021,700 will be paid by the developers. The costs paid by the City 
are to fulfill the existing deficiencies within the distribution system. 

Justification: Table 8.2 provides the details and costs for each reservoir and pump station 
project during this time-period. All distribution systems must have enough operational, fire, 
and emergency storage. Implementing adequate storage will greatly improve the efficiency 
and operational flexibility. There are currently operational problems with keeping the 
Southport Reservoir full during MDD conditions. Additional storage facilities in the Southport 
area will distribute storage in this area, allowing reservoirs to fill and draw for about 30 
percent of the reservoirs volume. Most of the reservoir and pump station improvements are 
required for the new developments and these improvements are required in order to fulfill 
the storage requirements and criteria for the distribution system as described in detail in 
Chapter 5 of this report. The ILBPS project is necessary to boost the pressures from North 
area to the Southport area. The North area pipelines have sufficient capacity to convey 
flows to the Barge Canal but not enough capacity to maintain the required pressures in the  
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Southport area during high demand periods. Therefore, either a large transmission pipeline 
(48-inch or larger) bridging the center of the North area to the center of the Southport area 
or an In-Line Booster Pump Station is required to maintain sufficient pressures throughout 
the system. The advantages of ILBPS are as follows: 

• Design and construction costs for the new pump station are much less than the 
design and construction of T-main improvements. Property acquisition and/or 
easements are not required for ILBPS, whereas property acquisition and/or 
easements may be required for T-main improvements. 

• Large T-main construction would be disruptive to existing roads and vehicular traffic. 
In addition, large T-mains do not function efficiently during low demand periods as the 
velocity in the large pipes falls below the acceptable range.  

Another major advantage of the ILBPS is that the City operations staff will have total control 
on the operations in the Southport area, i.e., the City operations staff can shut-off the 
pumps during the low demand periods and still maintain sufficient pressures within the 
Southport area. 

In addition, City staff can maintain pressures in the Southport area independent of the North 
area, which is not possible with a large T-main. The ILBPS is also very economical to 
construct. 

A summary of the cost and details is presented in Table 8.2. Project Number R&PS01 
through R&PS09 in the table indicates the above-described storage and pump station 
projects. 

Based on the EMDD condition, the system has a storage deficiency of 4.2 MG in Southport 
and 0.65 MG storage required for the new Bridgeway Lakes II Community. It is important to 
construct necessary facilities to eliminate this storage deficit and provide sufficient storage 
volume for new developments. In addition, new pumps are required at PSIP in order to 
utilize the reservoir effectively. 

8.2.2 FY 2010-11 Through FY 2014-15 Improvements 

As the demands increase in the distribution system, the required storage volume increases. 
The following are the project details for new reservoirs and pump stations required during 
this period: 

• R&PS01: This project will be completed between FY 2005-06 to FY 2009-10.  

• R&PS02: New 1.6 MG Reservoir and expand pump station at the existing PSIP 
reservoir. Total project cost during this period is $1,890,700 in Year 2005 Dollars. 

• R&PS03: This project will be completed between FY 2005-06 to FY 2009-10.  
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• R&PS04: This project will be completed between FY 2005-06 to FY 2009-10. 

• R&PS05: New 2.1 MG reservoir and expand the pump station at the PAIK 
development. Total project cost during this period is $1,405,900 in Year 2005 Dollars. 

• R&PS06: New 2.0 MG reservoir and expand the pump station at the Richland 
Communities. Total project cost for this period is $1,388,400 in Year 2005 Dollars. 

• R&PS07: This project will be completed between FY 2005-06 to FY 2009-10. 

• R&PS08: New 2.4 MG reservoir and pump station at the Triangle and Pioneer Bluff. 
Total project cost during this period is $4,492,500 in March 2005 Dollars. 

• R&PS09: This project will be partially completed between FY 2005-06 to FY 2009-10 
and partially between FY 2015-16 to FY 2019-20. 

• Implementation period of all the above projects is FY 2010-11 to FY 2014-15. 

• The Developers of the Southport area should provide the upfront funding for all the 
above-described projects, except for the PSIP improvements since this reservoir is 
required for growing demands within the existing system in the North area. 
Developers will be reimbursed for Regional Improvements through impact fees. 

• The estimated costs for all the reservoir and pump station improvements during this 
period are $9,177,600. 

Justification: The reservoir and pump station improvements during this period are required 
for new developments in order to fulfill the storage requirements. Storage criteria for the 
distribution system are described in detail in Chapter 5 of this report. 

A summary of the cost and details are presented in Table 8.2.  

8.2.3 FY 2015-16 Through FY 2019-20 Improvements 

As the demands increase in the distribution system additional storage volume is required. 
The following are the project details for new reservoirs and pump station during this period: 

• R&PS01: This project will be completed between FY 2005-06 to FY 2009-10. 

• R&PS02: This project will be completed between FY 2005-06 to FY 2014-15. 

• R&PS03: This project will be completed between FY 2005-06 to FY 2009-10. 

• R&PS04: This project will be completed between FY 2005-06 to FY 2009-10. 

• R&PS05: This project will be completed between FY 2005-06 to FY 2014-15. 

• R&PS06: This project will be completed between FY 2005-06 to FY 2014-15. 
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• R&PS07: This project will be completed between FY 2005-06 to FY 2009-10. 

• R&PS08: New 2.4 MG Reservoir and expand Pump Station at the Triangle and 
Pioneer Bluff reservoir. Total project cost for this period is $1,515,500 in Year 2005 
Dollars. 

• R&PS09: Expand the In-Line Booster Pump Station that boosts water from the North 
area to the Southport area. Total project cost for this period is $411,000 in Year 2005 
Dollars. 

• Implementation period of these projects is FY 2015-16 to FY 2019-20. 

• The Developers of new developments shall provide the upfront funding for all the 
above-described projects. Developers will be reimbursed for Regional Improvements 
through impact fees.  

• The estimated costs for all the reservoir and pump station improvements during this 
period are $1,926,600. 

Justification:  The reservoir and pump station improvements are required for the new 
developments in order to fulfill the storage requirements. Storage criteria for the distribution 
system are described in detail in Chapter 5 of this report. The ILBPS project includes 
additional pumps, required due to increasing demands in the Southport Area. 

A summary of the cost and details is presented in Table 8.2.  

8.2.4 Summary of Reservoir and Pump Station Improvements 

Storage reservoirs are required to meet the operational, emergency, and fire storage 
criteria within in the distribution system. There is an existing storage deficiency of 4.2 MG 
that shall be fulfilled in the near future. The pump station facilities will boost the water from 
storage reservoirs into the distribution system. Since the change in ground surface 
elevation is minimal within the City, all the storage reservoirs need pumping facilities. Apart 
from 4.2 MG, the rest of the storage reservoirs and pumping facilities are required for future 
customers. Therefore, the City (Existing Rate Payers) will pay for deficiency in the existing 
system and all the storage and pump station improvements will be paid by the Developers 
(Impact Fees) of the new developments. In addition, the ILBPS will enhance the operations 
in the Southport area as described in detail in Chapter 8. 

8.3 WATER MAIN REPLACEMENT PROJECTS 
 These are the pipeline improvements within the distribution system that the City has to 
complete before the pavement replacement on these streets. The ‘Measure K’ program 
funds the pavement replacement projects. In order to save significant pavement 
replacement costs, the City has to complete all the pipeline replacements on these streets 
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prior to the pavement replacement project. The cost of pipeline replacement projects on 
these streets during various time-periods are presented in Table 8.3. The City’s Water 
Enterprise Fund (Existing Rate Payers) will fund all the costs for these pipeline 
improvements only, the Measure K program funds the pavement replacement costs. The 
City has determined the time frame of each project under this program; the projects under 
this task shall be completed before the scheduled pavement replacement time-period. The 
streets funded under the Measure K program are indicated on the drawing in Appendix F. 

In addition, water main replacement projects include the projects to upsize undersized 
mains (4-inches and smaller), projects to install new water meters and projects to relocate 
backyard mains into the public right-of-way. 

8.4 METERING IMPLEMENTATION PLAN 
The Meter Implementation Plan, described in Chapter 7, must be initiated soon, as all 
residential services must be metered by January 1, 2013 per Assembly Bill 514. The 
metering program should be started with development of a Public Outreach Plan, also 
described in Chapter 7. This plan will introduce the program to The City’s customers and 
decision makers prior to the start of any meter retrofit installations. Based on recent 
conversations with public outreach consultants, the budget for the Public Outreach Plan 
should range between $100,000 and $175,000 based on the extent of services that the 
consultant would accomplish. Most of this work will be done in the initial year of the 
program i.e., during the FY 2005-06. 

Construction of the metering infrastructure improvements should be spread evenly over FY 
2006-07 through FY 2011-12. With 10,277 services requiring some level of meter 
infrastructure, 1,713 units will need to be installed each FY. Meter installation and 
construction projects should be evenly spread throughout West Sacramento neighborhoods 
so that one neighborhood does not see extensive construction at a particular time. 

Individual construction projects could be packaged with between 400 and 500 services, so 
that the City administers three or four contracts per FY. These three or four projects would 
be located in different neighborhoods so that one neighborhood is not overly 
inconvenienced with the work. Construction efforts will be more intensive in the north area, 
as trenching will be required where meter boxes do not exist. Some trenching and 
pavement replacement and improvements will be required in streets where service laterals 
must be replaced. Any main replacement projects within the next seven FY’s should include 
metering improvements. 

The total construction and implementation cost of this program has been estimated at 
$4,253,000 (see Table 7.4), with $3,271,900 estimated for construction and meter 
installation, and $991,600 estimated for implementation costs. Implementation costs include 
public outreach, engineering, inspection, and the City’s administration of the program. 
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 The public outreach effort is scheduled for FY 2005-06 and some in-house administrative 
efforts are necessary in this FY. Thus, $200,000 of the program cost has been allocated for 
FY 2005-06. Cost by planning period is presented in Table 8.4. 

Table 8.4 Meter Implementation Program Costs 
Water Master Plan Update 
City of West Sacramento 

Planning Period Number of Installations Cost, ($) 
FY 2005-06 Public Outreach Plan and 

Administration 
$200,000 

FY 2005-06 through FY 2009-
10 

1,713 installations per year 
Total of 6,851 installation 

$1,133,700 

FY 2010-11 through FY 2011-
12 

1,713 installations per year 
Total of 3,426 installations 

$2,919,700 

Total 10,277 installations $4,253,000 

Although the date of actual meter reading has not been set, it is recommended that the 
MXU transmitters be installed with all new meter installations for new residential 
construction. The City should make this a policy for developer installations starting in FY 
2005-06. New residences should start using metered rates when they begin service, for 
existing customers, comparative billing information should be provided for at least 12 
months prior to switchover from a flat rate to a metered water rate. 

8.5 OPERATIONAL IMPROVEMENTS 
During the 24-Hour Demand Test and Hydraulic Stress Test of the water distribution 
system, Carollo had an opportunity to participate in the operations of the water distribution 
system. This experience helped Carollo verify data in the hydraulic model and better 
understand the challenges the water operators overcome to deliver potable water to the 
customers. The reason operators double and triple pump water from reservoir to reservoir 
is to accommodate present distribution system dynamics and to provide an opening in the 
system to relieve pressure spikes. By developing new control methods with the operators 
and by making some system modifications it should be possible to deliver a more 
consistent water pressure to all of the City’s residents and save money on electrical costs. 

Working with the water distribution operators led to the development of several CIP Projects 
listed in Table 8.5. The justifications for all the improvements presented in the table are as 
follows: 

• Relocation of Discharge Flowmeter at the High Service Pump Station (HSPS): The 
current location of the HSPS flowmeter does not actually indicate the flow entering 
the distribution system due to turbulence in fittings upstream of the flowmeter. In 
order to improve accuracy, the existing flowmeter must be relocated downstream of 
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its existing location. The probable costs and the implementation period for this project 
is presented in Table 8.5, Project Number M1 indicates this project. 

• HSPS Pump #4 - Electrical Installation: The existing Pump #4 at HSPS is not 
supplied with power to operate. Electrical installation is necessary in order to operate 
the pump. The probable costs and the implementation period for this project is 
presented in Table 8.5, Project Number M2 indicates this project. 

• Engine/ Generator replacement at HSPS: The existing standby power at HSPS is 
insufficient for the growing demands within the distribution system; hence a new 
engine/generator shall be installed to increase the standby power capacity. The 
probable costs and the implementation period for this project is presented in Table 
8.5, Project Number M3 indicates this project. 

• Oak Street and Central Reservoirs Pipeline Improvements: The pipeline and 
motorized valve improvements are required at these reservoirs to direct flow away 
from the north-to-south T-main. This improvement optimizes the use of the large T-
mains. The probable costs and the implementation period for this project is presented 
in Table 8.5, Project Number M4 indicates this project.   

• Inspect 36-inch T-main under the deep-water channel: The only sources of water 
from HSPS to the Southport area are the two 36-inch mains crossing the deep-water 
channel (one subsurface and on Palamidessi Bridge). Carollo recommends 
inspecting the subsurface pipeline and performing all necessary repairs. The 
probable costs and the implementation period for this project is presented in Table 
8.5, Project Number M5 indicates this project. 

• Surge Analysis of the System: Since the distribution has been consistently growing, 
Carollo recommends a comprehensive surge analysis of the distribution system in 
order to prevent any damage to the distribution system due to vapor cavity formation 
and resulting pressure spikes. The probable costs and the implementation period for 
this project is presented in Table 8.5, Project Number M6 indicates this project. 

• Standby Power at all Reservoirs: Carollo recommends standby power facilities at all 
the reservoirs for efficient operation of the reservoirs during emergencies and power-
outages. The probable costs and the implementation period for this project is 
presented in Table 8.5, Project Number M7 indicates this project. 

• Northeast Reservoir Improvements: The Northeast reservoir should be coated with a 
layer of light green paint in order to accommodate the requests of the surrounding 
residents. The probable costs and the implementation period for this project is 
presented in Table 8.5, Project Number M8 indicates this project. 
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• Variable Frequency Drives (VFD) at all reservoirs: VFD’s improve the efficiency of the 
pumps and help save energy costs. Turning down the motor speeds will allow City 
operations staff to use the larger pumps more frequently. Carollo recommends VFD’s 
be installed on all large pumps at all the pump stations. The probable costs and the 
implementation period for this project is presented in Table 8.5, Project Number M9 
indicates this project. 

• Separate Reservoir inlet and outlet pipes: Carollo recommends these improvements 
in order to improve tank mixing, chlorine residual, and water quality. The probable 
costs and the implementation period for this project is presented in Table 8.5, Project 
Number M10 indicates this project. 

• Reservoir Coating for Existing Tanks: This is the budgetary allowance for maintaining 
existing facilities during the time-period FY 2005-06 through FY 2014-15. The City’s 
operations staff estimated that it would cost around $3,250,000 for recoating of the 
existing reservoirs. The costs and the implementation period for this project is 
presented in Table 8.5, Project Number M11 indicates this project. 

• Water Treatment Improvements: These are the improvements recommended by 
City’s operations staff. These improvements are required to improve the existing 
Water Treatment Plant facilities. In addition, these costs include a budgetary 
allowance of costs indicated on M19 and M20 per year from FY 2005-06 through FY 
2019-20. The probable costs and the implementation period for this project is 
presented in Table 8.5, Project Number M12 through M20 indicates these projects. 

• Vulnerability Assessment Improvements: The details of these improvements are 
presented to the City in a separate report. Due to security reasons, specific 
description of these projects, which improve security at the Bryte Bend WTP and 
reservoir and pump station sites, are not listed in this document. The probable costs 
and the implementation period for this project is presented in Table 8.5, Project 
Number M21 and M22 indicate this project. 

In cases where operational improvements were identified that did not require a capitol 
expense, Carollo shared information with the water operators so improvements in water 
distribution system operation could be made immediately. Recommendations on reservoir 
pumping schedules and ideas about pumping times will help increase chlorine residual at 
the reservoirs and minimize double pumping.     

All the above-mentioned operational improvements increase the efficiency of the 
distribution system and enhance the existing operational conditions. Thus, all operational 
improvements are allocated to existing rate payers. 
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8.6 CAPITAL IMPROVEMENT PROGRAM SUMMARY 
The summary of costs for all the improvements during each time period is indicated on 
Figure 8.3. As indicated on the Figure, most of the improvements are required during FY 
2005-06 through FY 2009-10. Since most of the new developments are expected to start 
between these years, a major portion of the costs required for improvements is scheduled 
within this time-period. The cost share for customers is presented in Figure 8.4, most of the 
deficiencies in the existing system will be paid by the City (Existing Rate Payers) and all the 
future developments will be paid by the Developer (Impact Fees). The CIP presents an 
overview of expenditures to the City for water distribution system infrastructure 
improvements within the City during various time periods. This CIP does not include any 
improvements required for the Bryte Bend WTP.  

A financial analysis was prepared based on the improvements presented in this chapter. 
The Financial analysis also considers other expenditures, including: loans, repayment to 
developer, Bryte Bend WTP improvements, etc., in order to determine the water rates for 
the customers. The water rates for the customers and City water fund financial analysis is 
described in detail in Chapter 9 of this report. 
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Figure 8.3 Cost Comparison during various Time Periods 
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Figure 8.4 Cost Share to Customers 
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