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EXECUTIVE SUMMARY
ES.1 WATER SYSTEM MASTER PLAN PURPOSE (CHAPTER 1)

This Water Treatment Plant (WTP) and Distribution System Master Plan for the City of Yuba City
(City) is a comprehensive evaluation of the City’s Yuba City Water Treatment Plant (YCWTP)
and water distribution system. The WTP and Distribution System Master Plan identifies strategies
for cost-effectively meeting the City’s WTP and distribution system infrastructure needs; guides
capital expenditures for the WTP and distribution system; and, presents comprehensive renewal
and replacement strategies. To accomplish these goals, the following work tasks were performed:
•

Evaluate and summarize the existing YCWTP and key distribution system facilities;

•

Prepare water demand projections for near-term and buildout of the City;

•

Summarize the existing water supplies and evaluate future supply needs to meet
buildout demands;

•

Develop and calibrate a new all-pipe hydraulic model for the City system using the
City’s GIS water system features;

•

Develop performance and operational criteria to analyze the YCWTP and distribution
system and formulate facilities improvements;

•

Evaluate the YCWTP to identify existing facilities, systems and equipment at the
Low Lift Pump Station (LLPS) and YCWTP that need to be expanded to meet
buildout demands;

•

Evaluate the water system for existing, near-term and buildout conditions for normal
operations, emergencies and water quality scenarios to identify deficiencies and
needed improvements;

•

Conduct an age, condition and risk-based analysis to develop a 20-year prioritized
program for the City’s renewal and replacement needs for the YCWTP, distribution
system facilities and pipelines;

•

Develop a capital improvement program identifying existing and future YCWTP and
distribution system facilities.

The resulting WTP and Distribution System Master Plan provides a comprehensive road map for
the City for future planning.
ES.2 WATER SERVICE AREA AND WATER SYSTEM FACILITIES (CHAPTER 2)

Figure ES-1 provides an overview of the existing water system. The service area and water system
are described below.

ES-1
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Executive Summary
ES.2.1 Service Area

The City is located within Sutter County in California’s Sacramento Valley, on the western bank of
the Feather River. Primarily undeveloped agricultural land exists to the north, west, and south of the
City. The City is a typical mid-sized valley agricultural community that has experienced moderate
growth. The City’s existing service area is approximately 14.9 square miles. While the existing water
service area is generally contiguous with the City limit, the City also provides water to some
customers located outside the current City limit. The City currently provides water service to
approximately 18,697 residential, commercial, irrigation, industrial and institutional/governmental
service connections.
ES.2.2 Yuba City Water Treatment Plant

The YCWTP includes two water treatment processes in parallel treatment facilities. The YCWTP
has a firm capacity of 30 million gallons per day (mgd). The original YCWTP was placed in service
in 1969. The original YCWTP has a conventional filtration treatment process that includes a
pretreatment system, four rapid sand filters, and a chlorine disinfection system.
The City installed a new membrane filtration treatment facility that operates in parallel with the
conventional filtration facility and a new 4 million gallon (MG) baffled clearwell for disinfection
contact time in 2007.
Backwash water from the membrane and granular media filters is sent to one of the two operational
wash water percolation basins. Approximately 500,000 to 600,000 gallons of filter backwash water
are sent to the operational basin during an average day. The City’s waste discharge requirements
for the YCWTP allow up to 1.0 mgd monthly average dry weather discharge flow.
ES.2.3 Water Distribution System Facilities

The City’s water distribution system consists of a single pressure zone, with existing customer
service elevations ranging from 46 to 67 feet above mean sea level. The City has five at-grade
tanks located throughout the system and three clearwells located at the YCWTP. The City’s water
distribution system pump stations include the High-Lift Pump Station (HLPS) that supplies the
distribution system from the YCWTP and five booster pump stations that pump from the ground
level tanks.
Yuba City’s water distribution system consists of approximately 275 miles of water system pipelines.
Distribution pipeline sizes generally range from 2 inches to 12 inches in diameter, while larger
transmission mains range from 14 inches to 36 inches in diameter. Over 80 percent of the water
distribution system is comprised of asbestos cement (55 percent) or ductile iron pipe (27 percent).
ES.3 EXISTING AND FUTURE WATER DEMANDS (CHAPTER 3)
ES.3.1 Historical Water Production and Use

In recent years, the City’s annual water production from surface and groundwater supplies has
ranged from 4,200 million gallons per year (MG/yr) (11.6 million gallons per day (mgd)) to
ES-3
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6,200 MG/yr (17.0 mgd). The City’s water use has generally declined since 2007, with water use
decreasing during the Great Recession, rebounding in 2012 and 2013, and declining again during
the recent drought.
Existing water use was determined using historical water production and detailed consumption
data. Peaking factors for maximum day and peak hour demand were also developed based on
historical production data.
Existing water system demands used in the evaluation of the distribution system are based on the City’s
annual water production of 5,600 MG/year (15.3 mgd) in 2013. Water production from this year was
used instead of more recent years because it is more representative of normal water use for the City,
prior to the recent drought, and accounts for typical water use patterns during normal hydrologic
conditions. Existing maximum day demand is 24.5 mgd, based on 2013 maximum day use. Peak hour
demand is estimated to be 35.3 mgd, based on hourly operational data from June 2017.
ES.3.2 Water Demand Projections

California has enacted regulations on water use efficiency that will impact the City’s future water
use. The 2009 Water Conservation Act (also known as Senate Bill X7-7, or SB X7-7) established
water conservation targets that urban water retailers must meet by 2020. Executive Order B-37-16
provides a framework for strengthening those water conservation targets for urban water users to
further increase water use efficiency by 2025. Specific requirements and methodologies to comply
with the Executive Order are still under development.1
Water demands projections were developed for buildout of the City’s water service area and for a
near-term scenario, based on anticipated near-term growth areas identified by the City. Water
demands were projected for buildout within the City’s Sphere of Influence (SOI) plus the
Bogue-Stewart Master Plan area using a land use-based approach, which was adjusted using the
City’s SB x7-7 per capita water use (population-based) target, since that per capita usage reflects
the City’s currently adopted goal. Because it is currently not known how new regulations will
impact future water use targets, demand bracketing was also used to evaluate the sensitivity of
WTP and transmission infrastructure sizing to changes in future demands.
Table ES-1 summarizes existing and projected demands for the near-term and buildout scenarios
developed in the WTP and Distribution System Master Plan.

1

The water demand analysis was completed prior to adoption of Senate Bill 606 and Assembly Bill 1668 in May
2018, which develop new requirements for water use efficiency. The bills establish indoor use targets for residential
use and require California Department of Water Resources to develop outdoor water use standards by 2022.
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Table ES-1. Existing and Projected Water Use
Projected Water Use
Planning Horizon
Existing System(a)
Near-term(b)
Buildout of General
(a)

(b)

(c)

Plan(c)

Average
Annual, MG/yr

Average
Day, mgd

Maximum
Day, mgd

Peak
Hour, mgd

5,586

15.3

24.5

35.3

5,950

16.3

28.5

41.0

10,700

29.3

51.3

73.8

Based on actual 2013 water use for average day and maximum day. Peak hour demand estimated from June 22, 2017
operating data when the peak hour demand was 1.44 times the average daily demand.
Near-term development includes portions of the El Margarita Master Plan, portions of the Lincoln East Specific Plan, the
Sutter Heritage Master Plan, Walnut Park West and the Bogue Stewart Master Plan area.
General Plan, as amended in 2016, plus Bogue Stewart Master Plan.

The WTP and Distribution System Master Plan uses annual growth rates of 1 to 2.4 percent, to
evaluate the impact of when facilities would be needed. Figure ES-2 shows annual historical use,
water use projections using the different growth rates, and the demand bracketing if demands are
10 percent higher or lower than projected.
ES.4 WATER SUPPLY (CHAPTER 4)
ES.4.1 Existing Water Supplies

The primary water supply source for the City is surface water from the Feather River. The City’s
existing surface water sources include two appropriative water rights regulated by the State Water
Resources Control Board and two surface water supply contracts. Water is diverted from the
Feather River at a single location approximately 2.4 miles upstream from the confluence of the
Feather and Yuba Rivers. Water is treated at the YCWTP.
The City maintains one backup/standby groundwater well at the YCWTP that can be used to
provide supplemental source water to the YCWTP. In 2001, the City acquired the Hillcrest Water
Company (HWC). The HWC system included approximately 4,600 service connections and
13 active groundwater wells. The City provided groundwater from some of the HWC wells to
customers through September 2010. All of the HWC wells are now inactive and all of the former
HWC customers receive water from the YCWTP.
The City’s water supply reliability varies, based on its appropriative water rights and contracts.
The City’s appropriative water rights do not allow summertime diversion, so the City uses its
supply contracts to provide summertime supply. The City’s appropriative water rights have been
reduced in very dry years, such as 1977, 1991, 1992, 2014 and 2015.
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Figure ES-2. Annual Water Use Projections for Sensitivity Analysis
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ES.4.2 Comparison of Supplies and Demands

Table ES-2 compares supplies and demands for existing, near-term and buildout conditions for
normal years and dry years. The table shows that existing and near-term demands can be met with
available supplies in normal years, and with modest demand reductions in single or multiple
dry years. By buildout, normal-year supply is estimated to be 14 percent less than demand, and in
dry years, demand reductions of up to 56 percent would be required to match available supplies.
Table ES-2. Supply and Demand Comparison, MG/year
Year Type

Existing

Near-term

Buildout

Demand Totals

5,586

5,945

10,712

Supply Totals

9,185

9,185

9,185

Difference (Supply minus Demand)

3,599

3,240

(1,526)

Percent Reduction to Meet Supply

0%

0%

14%

Demand Totals

5,586

5,945

10,712

Supply Totals

4,712

4,712

4,712

Difference

(874)

(1,233)

(5,999)

Percent of Demand

16%

21%

56%

Normal Year

Single Dry Year, Last Year of Multiple Year

(a)

Drought(a)

Single dry year has hydrology similar to 2015. Multiple year drought based on three-year drought, in which first year requires
no cutbacks and third year is similar to single dry year.

The supply and demand comparison indicate that the City will need to supplement current supplies
by buildout. Potential supply options include purchase of additional winter supply, coupled with
development of an ASR program, and/or purchase of additional summertime supply. The
recommended capital improvement program includes a Water Supply Study to evaluate future
supply needs and options.
ES.4.3 Emergency Supply Planning

In 2016, the City evaluated water supply options for an emergency condition involving loss or
significant reduction in the City’s available supplies from the Feather River. Evaluations targeted
meeting 50 percent of normal year demand by invoking Stage 4 of the City’s Water Shortage
Contingency Plan. Based on existing demands used in this WTP and Distribution System Master
Plan, the target demand would be 5,300 gallons per minute (gpm) (7.7 mgd).
Since completion of that analysis, the City has started construction of an emergency intertie with
the City of Marysville, to deliver up to 1,500 gpm during an emergency, and is planning for a
second well to be constructed at the YCWTP. This WTP and Distribution System Master Plan
recommends retaining and rehabilitating wells 5, 8 and 9 from the former HWC system. These
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projects, along with the existing well at the YCWTP, will provide a total supply capacity of
6,650 gpm (9.57 mgd).
West Yost also recommends that the City plan to construct three future wells with at least 1,200
gpm capacity each, to provide for emergency supply needs through buildout.
ES.5 WATER TREATMENT PLANT ASSESSMENT (CHAPTERS 5 AND 6)

An evaluation of the YCWTP was conducted to identify near-term improvements needed to
continue to reliably meet current regulatory standards, and future capacity improvements to
accommodate future growth. Chapter 5 summarizes criteria used for the assessment. Chapter 6
summarizes results of the analysis.
The evaluation included a review of design and record drawings, discussions with City staff,
review of previous reports, operating records and other information provided by the City, visual
inspection condition assessments of the major YCWTP processes, and development of process
improvements, conceptual-level layouts and conceptual-level opinion of probable project costs for
expansions, initially to 42 mgd (Phase 1) and then to 54 mgd (Phase 2). Based on growth
projections, planning for the first expansion of the YCWTP will need to begin once maximum day
demands reach about 26 mgd, anticipated in 2 to 15 years, depending on the City’s growth rate.
ES.5.1 Evaluation of Existing Water Treatment Processes

A condition assessment of the YCWTP was performed for critical assets. In general, the condition
assessment found that most of the assets are in good condition and performing well. Table ES-3
summarizes major equipment reconditioning and/or repair improvement needs identified during
the visual inspection condition assessments.
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Table ES-3. YCWTP Improvements to Correct Existing Deficiencies
Process and Recommended Improvement
Pre-Treatment
•

Replace the six original flocculation units and augers located in both the West and Center Pretreatment Trains
with new equipment.
Apply a protective coating system to each of the three existing pretreatment trains’ wetted surfaces.
Depending on the recommended plant scale evaluation of pretreatment basins when operating at 12 mgd flow
rate per train, increase the existing launders’ length to reduce the clarified water’s rise rate and improve the
sedimentation zone performance.
Install a grit removal system ahead of the rapid mixers that can remove a significant portion of fine sand and
silt-size particles that are carried into the pretreatment basins, especially during periods when the Feather River
flow rate is high.

•
•

•

Granular Media Backwash
•

Add second backwash pump to provide redundancy

Clearwells
•

Construct a Clearwell Water Level Control Weir Structure adjacent to the 60-inch diameter treated water
pipeline between East Clearwell and the HLPS and modify the treated water pipeline to maintain the required
minimum water level in East Clearwell (and future Clearwell No. 4) needed to provide the required disinfection
contact time.

Chemical Systems
•

Replace the existing chlorine gas system with a new hypochlorite system that includes storage tanks and
metering pumps (to be implemented at time of Phase 1 improvements to expand WTP capacity to 42 mgd).
•
Replace the existing powdered activated carbon (PAC) system with a new PAC system.
•
Replace the original 49-year old rubber-line steel alum storage tank with a new high-density polyethylene
(HDPE) tank.
•
Modify the existing chemical metering pump room to provide a safer work environment.
•
Construct a new chemical building that includes separate secondary chemical containment spaces that
provide a code-compliant separation between incompatible chemicals (acids and bases, and also oxidants and
reactive chemicals).
Spent Filter Backwash Water and Solids Handling Facilities
•

•

•
•

•

•

Replace the original spent filter backwash water and sedimentation basins’ sludge “spent backwash water
pipeline” located beneath the utility corridor in the Operations Building basement with a new 36-inch diameter
pipeline that will send spent backwash water and sludge to a new Spent Backwash Water Sump located on
the north side of the pretreatment trains. The new 36-inch diameter waste washwater pipeline can be installed
in the utility corridor located between the west and center pretreatment trains in the area originally reserved for
a second 36-inch diameter raw water pipeline.
Connect the filters’ spent filter backwash water pipelines, filter-to-waste pipelines, membrane system’s waste
back-pulse pipelines, and sedimentation basins’ sludge discharge pipelines to the new spent backwash water
pipeline.
Construct a new spent backwash water pump station in the area between the pretreatment trains and the
spent backwash water ponds.
Depending on City preferences, send the spent backwash water to the existing ponds or construct a new
spent backwash water and sludge clarifier that permit reclaiming about 90 percent of the spent backwash
water currently sent to the ponds.
After the new Spent Backwash Water Sump and Pump Station is operational, remove the original spent
backwash water pump station’s pumps, clean and disinfect the Spent Backwash Water Sump, and plug and
seal the original spent backwash water pipeline.
Modify the cleaned and disinfected spent backwash water sump to permit installing one or two new pumps that
provide additional HLPS pump capacity. This will require extending the 36-inch diameter HLPS manifold to
include the two new pumps.
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ES.5.2 YCWTP Future Expansion Improvements

The WTP evaluation assessed expansion of the YCWTP to meet future growth, with expansion
initially to 42 mgd and then to 54 mgd. For the major areas of the WTP, alternatives were evaluated
to identify future expansion options for the City.
ES.5.2.1 Feather River Intake and Low Lift Pump Station Facilities

The Low-Lift Pump Station’s (LLPS’s) pumps’ and the raw water pipelines’ combined capacity
is 36 mgd. The existing Feather River intake structure’s fish screens and river stage can limit the
City’s surface water supply to 30 mgd at times. Expansion of the WTP will require constructing
both a new intake and new LLPS.
Two alternative methods of providing additional Feather River water were considered: 1) a new
surface intake and LLPS similar to the existing intake and LLPS that could deliver 24 mgd to the
WTP; and 2) a series of Ranney-type Collector Wells (Collector Wells) that could provide the
same capacity. Although the Feather River is normally a high-quality surface water supply, water
quality can be challenging at times. Collector Wells were evaluated as an alternative to
constructing a new river intake/surface diversion structure similar to the existing river
intake/surface diversion structure constructed in 2012 to 2014.
The new intake and LLPS or Collector Wells could be constructed at a location upstream of the
railroad bridge near the east end of the intersection of Rednall Road and Levee Road. Both a
hydrogeological study and CEQA study will need to be performed to identify a suitable location
for either the required river intake and LLPS or series of Collector Wells.
Collector Wells can provide several advantages over direct surface diversion water supplies,
including siting to reduce aesthetic impact, reduced monitoring requirements, an additional barrier
to contaminants, and collection of potentially higher-quality water. Conceptual-level costs for the
two options are similar.
A new raw water supply pipeline will need to be constructed between the new river intake or
collector wells and the LLPS, and also between the LLPS and WTP site.
ES.5.2.2 Pre-Treatment

West Yost evaluated expansion of the existing pre-treatment system using three 8 mgd
flocculation-sedimentation trains (the same as the current pre-treatment process), two 12 mgd
Actiflo units, or eight 3 mgd contact clarifiers. The Actiflo and contact clarifier pre-treatment
processes have similar costs, and a decision can be made as part of pre-design.
ES.5.2.3 Filtration

The City has the option to expand filtration capacity using either convention filters or membrane
filters. Discussions with the City indicate that the membrane system has experienced water
production challenges and, as a result, the membrane system has not been able to operate at its
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predicted treatment capacity of 12 mgd. In 2018, control strategy modifications were implemented
and are being used to optimize membrane system operation and performance.
West Yost recommends that the City implement a membrane performance monitoring program
that includes collecting performance data during the next two or more years prior to when the City
needs to decide which water treatment processes would provide the most cost-effective method of
increasing treatment capacity from 30 to 42 mgd. These membrane system and conventional
treatment system operating data should be used to perform a thorough and accurate evaluation of
both the conventional filtration process and membrane system’s performance and operating costs.
ES.5.2.4 Expansion Improvements and Timing

Expansion improvements are summarized in Table ES-4.
Table ES-4. YCWTP Improvements for Future Growth
Phase and Recommended Improvement
Phase 1 – Expand YCWTP to 42 mgd
•
•
•
•
•
•

Construct new 24 mgd river intake and LLPS (or 12 mgd of collector wells)
Construct new 24 mgd raw water pipeline to YCWTP
Expand conventional pre-treatment process with two 8 mgd treatment trains
Expand filtration capacity by 12 mgd (conventional granular media filters or membranes).
Expand HLPS to 47 mgd
Replace chlorine gas system with new hypochlorite storage and feed system.

Phase 2 – Expand YCWTP to 54 mgd
•
•
•
•
•
•

If collector wells used, add 12 mgd of collector well capacity
Add 12 mgd of pumping capacity at new LLPS
Expand conventional pre-treatment process by 8 mgd
Expand filtration capacity by 12 mgd (conventional granular media filters).
Construct Clearwell No. 4
Expand HLPS to 57 mgd and construct new TW PL to distribution system.

The first capacity expansion to 42 mgd will be more expensive than the subsequent expansion to
54 mgd because construction of a new river intake and pre-treatment facilities will require
installation of hydraulic capacity for the ultimate plant capacity.
Depending on growth and increases in demand for treated water during the next 2 to 5 years, the
City should begin planning for its next capacity increase that provides an additional firm 12 mgd
capacity during its 5 to 10-year planning horizon, or once maximum day demand reaches
approximately 26 mgd.
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ES.6 EVALUATION OF EXISTING AND FUTURE WATER SYSTEM (CHAPTERS 5, 7, AND 8)

West Yost developed a new water distribution system hydraulic model and evaluated water
distribution system performance under existing and future demand conditions to identify deficiencies.
West Yost developed criteria for the water system evaluation (Chapter 5) and identified
improvements to address deficiencies and to meet future system growth (Chapters 7 and 8).
West Yost developed a new all-pipe water distribution system hydraulic model using the City’s
GIS to establish the pipeline network and incorporated existing facilities information for
distribution system tanks and pump stations. Existing water demands were allocated to the model
using 2013 metered account data to distribute demands within the hydraulic model. The hydraulic
model was calibrated using hydrant flow testing data collected in a field program, conducted in
June 2017. Diurnal curves were developed for winter and summer using data provided by the City
for February and June 2017.
ES.6.1 Existing Water System Evaluation and Recommended Improvements

West Yost evaluated the City’s existing water system facilities to identify existing deficiencies and
recommended improvements. The evaluation included system capacity and performance
evaluations for two normal operating scenarios and four emergency operating scenarios evaluating
facilities out of service.
ES.6.1.1 Pumping and Storage Capacity Analysis

The system pumping and storage capacity analysis found that there is surplus pumping capacity
under existing demand conditions. The storage analysis found that the existing service area water
distribution system has a storage capacity deficit of 6.3 MG. The existing well and planned new
well at the YCWTP, and rehabilitation of Wells 5, 8 and 9, proposed for emergency water supply,
provide access to underground storage during emergencies, and eliminate the storage deficit. These
projects will be less expensive than construction of new storage.
ES.6.1.2 Existing Distribution System Performance

The distribution system hydraulic model was used to evaluate normal operating scenarios,
including maximum day demand conditions to evaluate system pressures, and wintertime demand
conditions, to evaluate system water quality. The maximum day analysis found that a minimum of
40 psi could be maintained at all locations in the distribution system, and that pressures ranged
from 44 psi to 63 psi, which are within the expected ranges for the distribution system.
Water age is a general surrogate for water quality and chlorine residual within the distribution
system, although there are other factors that can affect water quality and chlorine residual. The
City typically operates distribution system storage to turn over tanks every three days to maintain
water quality. A wintertime water age scenario indicates that the majority of the water distribution
system has average water ages ranging from less than one day to up to four days, underscoring the
benefits of the City’s operational program for tanks. Areas on the west side of the system have
average water ages up to 6 days. The results from the water age analysis provide a guide to illustrate
areas of the system where storage facilities might need additional operational management to
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improve water quality and chlorine residual. These results should be evaluated, along with water
quality sampling data to fine-tune the City’s operational strategies, as needed.
Three outage scenarios were assessed, including: 1) Rowe and Sam Brannan storage facilities out
of service, since the City is evaluating the cost-effectiveness and feasibility of retiring them in the
future; 2) HLPS outage; and 3) YCWTP outage, with supply from existing and planned wells and
the City of Marysville intertie. Each of the outage scenarios indicates that the City can maintain
adequate system pressure as long as supply continues to be available.
A fourth emergency scenario was evaluated, to assess the ability of the existing distribution system
to provide fire flow. The existing water system was found to have many areas that are not capable
of meeting current fire flow requirements, which is to be expected, since these areas were designed
for lower fire flow requirements in effect at the time that pipelines were installed. These locations
are very localized and generally occur in areas with small diameter pipelines. To alleviate the
deficiencies, pipeline improvement projects were identified, and prioritized for inclusion in the
recommended pipeline replacement program.
ES.6.2 Future Water System Evaluation and Recommended Improvements

West Yost evaluated the City’s water system for future demand conditions to assess infrastructure
needs to meet near-term and buildout demands within the distribution system. Current maximum
day demand is 24.5 mgd. Near-term maximum day demand is estimated to be 28.5 mgd and
buildout demand is estimated to be 51.5 mgd, slightly more than double current demand.
ES.6.2.1 Future System Configuration

The 2004 Water Master Plan had significantly higher demand projections for buildout maximum
day conditions, and the future system included a high-pressure transmission main loop. This
transmission main loop was to be operated at approximately 110 psi and was intended to transmit
water to proposed storage tanks within the distribution system. The transmission main loop was to
connect to the distribution through a limited number of pressure reducing valves. Pressure in the
distribution system was to be supported by the existing HLPS at the YCWTP, pressure reducing
valves along the transmission main loop and from the pumping facilities at the storage facilities in
the distribution system.
The analysis of the future system found that the transmission main loop does not need to be
operated at a higher pressure than the rest of the distribution system. The lower projected demands
resulted in less friction loss in the transmission and distribution system, to the point where the
transmission main loop can operate at the same pressure as the distribution system. Because of
this, pressure reducing stations are not needed to provide supply between the transmission and
distribution systems. Additionally, the diameters of the pipelines needed to complete the
transmission main loop can be smaller than those proposed in the previous water master plan.
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ES.6.2.2 Future System Improvements

New tanks and transmission pipelines will be needed to supply new growth areas and complete
looping within already developed areas. Figure ES-3 shows proposed near-term and buildout
system transmission pipeline improvements, and proposed locations for new booster pump stations
and tanks.
ES.7 ASSET EVALUATION (CHAPTER 9)

An asset evaluation was conducted for the YCWTP, booster pump station and reservoir facilities,
former HWC wells and the City’s distribution system pipelines. The evaluation used condition and
age information for critical system assets to develop a prioritized plan to increase reliability and
extend the useful life of the system assets. The goal of the asset evaluation is to set a clear direction
on the best use of City resources to protect the water system assets.
The asset evaluation process began with an asset inventory of the YCWTP and booster pump and
reservoir facilities. Critical assets were identified, and condition assessments were then performed
on those assets. All assets were assigned scores of 1 through 5 for both asset condition and asset
performance, with 1 representing the best condition or performance. The scores were assigned
based on observations by the condition assessment team and on anecdotal information provided
by City Public Works staff. Additionally, a risk assessment was performed on the distribution
system assets to evaluate the likelihood and consequence of failure for each asset in the system.
The results of the risk assessment and condition assessments were used to develop a capital
improvement program schedule.
ES.7.1 YCWTP

The condition assessment of the YCWTP addressed critical assets. The identification of critical
assets was based on the preliminary asset inventory developed by the City and supplemented with
major assets identified in the record drawings. The critical assets at the YCWTP that required a full
visual condition assessment were confirmed with City staff. This evaluation was generally done on
a process-by-process basis and included a discussion with City operators to identify operational
issues that would be used to assign the performance score, and to identify any upgrades needed.
In general, the condition assessment indicated that most of the assets are in good condition and
performing well. There are many assets exhibiting age-related degradation; however, very few
assets are in such poor condition that the integrity of the asset is compromised. A summary of the
condition and performance results is shown below in Table ES-5.
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Table ES-5. YCWTP Condition Assessment Summary
Performance Assessment Score
(3)
In Service;
Function
Impaired

(4)
In Service;
Function
Highly
Impaired

(5)
Not
Functioning
as Intended

Total Assets

(1) Excellent

99

1

2

1

1

104 (25%)

(2) Slight Visible
Degradation

210

47

4

-

1

(3) Visible
Degradation

8

13

12

-

1

34 (8%)

(4) Integrity
Moderately
Compromised

-

4

10

-

-

14 (3%)

(5) Integrity
Severely
Compromised

-

-

-

3

2

5 (1%)

317 (76%)

65 (16%)

28 (7%)

4 (1%)

5 (1%)

419 (100%)

Condition Assessment Score

Number of Assets

(1)
Functioning
as Intended

(2)
In Service;
High O&M
Costs

Total Assets

262 (63%)

ES.7.2 Booster Pump Station and Reservoir Facilities

The condition assessment of the booster pump and reservoir facilities included all assets. The
preliminary asset inventory developed by the City was supplemented with major assets identified
in the record drawings to develop a complete list of assets to inspect.
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In general, the condition assessment indicated that most of the assets are in good condition and
performing well. There are some assets exhibiting age-related degradation; however, very few
assets are in such poor condition that the integrity of the asset is compromised. A summary of the
condition and performance results is shown below in Table ES-6.
Table ES-6. Booster Pump Station and Reservoir Condition Assessment Summary
Performance
(3)
In Service;
Function
Impaired

(4)
In Service;
Function
Highly
Impaired

(5)
Not
Functioning
as Intended

Total Assets

(1) Excellent

167

3

4

6

5

185 (44%)

(2) Slight Visible
Degradation

26

7

4

4

2

43 (10%)

(3) Visible
Degradation

4

2

9

5

-

20 (5%)

(4) Integrity
Moderately
Compromised

2

1

10

1

-

14 (3%)

(5) Integrity
Severely
Compromised

1

-

2

-

2

5 (1%)

9 (3%)

267 (100%)

Condition

Number of Assets

(1)
Functioning
as Intended

(2)
In Service;
High O&M
Costs

Total Assets

200 (75%)

13 (5%)

29 (11%)

16 (6%)

ES.7.3 Groundwater Supply Wells

West Yost assessed the suitability of the well at the YCWTP and the former HWC wells for
potential use as emergency supply wells in the event of a YCWTP emergency outage. Because of
their age, potentially poor downhole and mechanical condition, and water quality concerns, the
former HWC wells would require some degree of rehabilitation to restore capacity. Condition and
performance ratings were assigned based on the age of the well, casing material, sanitary seal
adequacy, reliability during pumping, the well yield, specific capacity, efficiency and water
quality. Wells were scored for each rating. Based on the results of the analysis, West Yost
recommends continuing to use the YCWTP well, evaluating former HWC wells 5, 8 and 9 for use
as short-term emergency supply wells, considering evaluating former HWC wells 18, 19, 20, and
22 for short-term emergency supply unless other factors warrant destruction of wells, destroying
former HWC wells 3, 4, 7, 13, 16, and 17, and confirming that former HWC wells 2, 14, and 21
have already been destroyed.
ES.7.4 Pipeline Condition Assessment

The water pipeline risk assessment evaluated the likelihood and consequence of failure for each
water pipeline in the water distribution system. For this analysis, a water pipeline failure is defined
as an event that could result in a disruption to water service. The risk assessment model was
developed in the InfoMaster Water software to perform the risk assessment calculations.
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InfoMaster is a GIS-based asset management software that uses existing data from ArcGIS,
computerized maintenance and management system (CMMS) records, hydraulic models, and other
sources to analyze risks on a pipe-by-pipe basis.
The risk assessment evaluated the likelihood of failure, assessing: 1) structural failure, based on
leak history data and physical mortality failure (due to cracking and breaking as pipes age), based
on installation year; and 2) capacity failure, using hydraulic modeling results to identify hydraulic
capacity deficiencies for fire flow conditions. The risk assessment also evaluated the consequence
of failure, evaluating level of service impact, and emergency response impact. Level of service
impact was assessed by identifying critical pipelines (non-looped pipelines, tank transmission
lines) or critical customers (critical healthcare facilities, utilities, schools, and critical industries).
Emergency response impact was evaluated based on locations where pipeline repairs would be
more complex (e.g. coordination with multiple agencies) and using pipeline diameter to represent
magnitude of failure, requiring more complex emergency response.
Once total likelihood and consequence of failure scores were developed for each pipeline, an
overall risk score was assigned based on the likelihood and consequence scores. The scores for
likelihood of failure and consequence of failure are each divided into five ranges (A through E),
with E being the highest risk level. By plotting the consequence of failure and the likelihood of
failure scores against each other, an overall risk level was assigned to each segment. Risk was
prioritized into five levels: High Risk, Medium-High Risk, Medium Risk, Medium-Low Risk, and
Low Risk. Table ES-7 shows the total length of pipelines (in miles) out of a total of 275 miles that
fall into each range. Results of the analysis indicate that 32 percent of the system falls into the low
risk category, 35 percent into the medium-low risk category, 14 percent into the medium risk
category, 12 percent into the medium-high risk category, and 7 percent into the high-risk category.
Table ES-7. Risk Assessment Results - Miles

Consequence of Failure

Pipe Length, miles

Likelihood of Failure
A (0-1)

B (2)

C (3)

D (4)

E (5-8)

Total

A (0-3)

18.9

20.5

5.6

12.9

11.0

68.9

B (4)

69.9

14.5

3.2

4.0

1.4

93.0

C (5)

42.4

8.1

2.4

3.8

1.3

58.0

D (6-7)

32.9

4.2

4.1

2.4

0.1

43.7

E (8-10)

5.5

1.4

3.9

0.5

0.1

11.4

169.6

48.7

19.2

23.6

Total

Key: Low Risk

Medium-Low Risk

Medium Risk

Medium-High Risk

13.9

275.0

High Risk

Recommended pipeline rehabilitation/replacement projects are the combination of improvements
that proactively replace aging pipelines and those that improve fire flow availability. Each of the
evaluations prioritize most critical needs and were used to develop a replacement program to
address most critical fire flow and rehabilitation and replacement needs.
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ES.8 CAPITAL IMPROVEMENT PROGRAM (CHAPTER 10)
ES.8.1 Summary of Capital Improvement Program

Table ES-8 summarizes recommended capital improvement projects to address existing system
deficiencies, which have a total estimated capital cost of $105M. Recommended timing of
expenditures is shown in five-year increments for a 20-year planning horizon. Recommended
capital improvement projects include supply improvements, and renewal and replacement program
improvements. The renewal and replacement program includes costs for improvements to existing
facilities (YCWTP, and booster pump stations and tanks), and a budget for pipeline replacement
at $3M per year, starting in Year 1 of the program. The existing distribution system evaluation
identified potential pipeline improvements to improve fire flow. These potential projects were
incorporated into and prioritized together with the pipeline renewal and replacement program and
are not listed separately.
To develop the recommended 20-year program, timing of funding for facility improvements was
established using the existing asset condition scores, along with useful life information to develop
renewal and replacement schedules. Supply and pipeline renewal and replacement projects were
then sequenced to balance expenditures over the 20-year timeframe.
Table ES-9 summarizes the recommended supply, YCWTP and distribution system capital
improvement projects to address future growth. These improvements have a total estimated capital
cost of $369M. The YCWTP has a current capacity of 30 mgd. Although buildout demand is
estimated to be 51 mgd, YCWTP capacity improvements were developed to initially expand the
WTP to 42 mgd and later to 54 mgd, based on logical future expansion increments of 12 mgd.
ES.8.2 Demand Triggers for New Facilities Construction

Future demand projections were developed for buildout of the General Plan area plus development
of the Bogue Stewart Master Plan area, with the timing of demands based on two population growth
scenarios of 1 percent per year, based on input from City Planning, and 2.4 percent per year, based
on an analysis by Sacramento Area Council of Governments. Table ES-10 summarizes the demand
triggers for the YCWTP expansion, HLPS expansion and distribution system storage tanks. The
timeframe shown on Table ES-10 corresponds to the higher growth rate of 2.4 percent per year.
As shown on Table ES-10, the higher growth projections indicate that the YCWTP will reach its
30 mgd capacity by about 2025. With a five-year planning window, from start of planning to
completion for WTP expansion, project planning should begin when maximum day demand is
about 26 mgd, estimated to occur by 2020. This provides one and one-half years for the City to
test and confirm that the WTP has a reliable firm capacity of 30 mgd.
With appropriate monitoring, the YCWTP can be operated at a higher filter rate of 7.5 gpm/square
foot. Although the City has indicated it does not intend to operate at the higher filter rate as part
of its normal operating practices, doing so would allow the City to delay WTP expansion by up to
five years, and this should be considered as a back-up option. The City would need to test particle
counting monitoring equipment to ensure that it can reliably meet regulatory monitoring
requirements at the higher filter rate.
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Table ES-8. Summary of Capital Improvement Program for Existing System Deficiencies(a)

Facility

1-5 Year

Capital Costs, $M
11-15 Year

6-10 Year

16-20 Year

Total

(b)

Supply Improvements
Rehab Wells 5, 8 and 9 for Emergency Supply
New Well at WTP for Emergency Supply
Renewal/Replacement Program(c)
Low Lift PS
YCWTP
Garden Highway Booster Pump Station/Tank
Harter Booster Pump Station/Tank
Rowe Booster Pump Station/Tank
Sam Brannan Booster Pump Station/Tank
Sanborn Booster Pump Station/Tank
Pipelines

$
$

-

$
$

4.5

$
$

3.2
-

$
$

-

$
$

3.2
4.5

Subtotal $

-

$

4.5

$

3.2

$

-

$

7.7

$
$
$
$
$
$
$
$
$
$

0.3
4.0
0.0
0.0
2.0
0.3
1.0
15.0
22.6
27.1

$
$
$
$
$
$
$
$
$
$

0.3
2.5
0.2
1.4
0.0
0.0
0.0
15.0
19.5
22.7

$
$
$
$
$
$
$
$
$
$

$
$
$
$
$
$
$
$
$
$

0.5
21.5
3.2
3.9
5.3
2.2
1.0
60.0
97.7
105.4

$
$
$
$
$
$
$
$
Subtotal $
Total $

(a)

Costs shown are based on the December 2017 20-Cities ENR CCI of 10,873.

(b)

See Table 10-3. Summary of Supply Improvements, Existing Supply Improvements.

0.0
12.1
3.0
1.3
3.2
1.8
0.0
15.0
36.6
36.6

2.8
0.0
1.2
0.0
0.0
15.0
19.0
19.0

(c)

See Table 10-4. WTP, Storage and Pumping Renewal and Replacement Improvements to Address Existing Deficiencies, Years 1 through 5, and Table 10-5. WTP, Storage and Pumping
Renewal and Replacement Improvements to Address Existing Deficiencies, Years 5 through 20 for facilties costs. Pipeline projects funded at $3M per year.
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Table ES-9. Summary of Capital Improvement Program for Future Growth (a)
Construction Cost, $M(b)

Facility
Supply
Future Emergency Supply Wells - 3 ASR wells
Future Water Supply Study
Water Treatment Plant
Phase 1 - Expansion to 42 MGD
Phase 2 - Expansion to 54 MGD

Capital Cost, $M(c)

$
$

10.3
0.3

$
$

13.4
0.3

Subtotal $

10.6

$

13.7

$
$

71.7
41.9

$
$

93.2
54.4

Subtotal $

113.6

$

147.6

37.7 $
122.3 $
160.0 $
284.1 $

49.0
159.0
208.0

Distribution System
Near-term Projects - Expansion to 28.5 MGD
$
Buildout Projects - Expansion to 51 MGD
$
Subtotal $
Total $
(a)

Costs shown are based on the December 2017 20-Cities ENR CCI of 10,873.

(b)

Costs include mark-ups equal to 30 percent (Base Construction Costs plus Construction Contingency).

369.3

(c)

Costs include mark-ups equal to 69 percent (Base Construction Costs plus Construction Contingency: 30 percent and; Professional Services: 30
percent of Base Construction Cost plus Contingency).
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Executive Summary
Expansion of the HLPS is projected to be needed once maximum day demand reaches approximately
27 mgd. The HLPS expansion is assumed to occur with the YCWTP Phase 1 expansion.
Currently the City has an existing distribution system storage deficit of 6.3 MG. Capital
improvements to address the existing storage deficit include installation of 1 new well at the
YCWTP and rehabilitation of wells 5, 8 and 9. These wells will provide emergency supply that
will offset the need for emergency storage. These projects should be completed as soon as
practicable to provide for emergency supply needs.
The City will need new storage to meet future growth. For near-term development demand of
28.5 mgd, the City will need 3.0 MG of new storage. New storage planning should begin once
maximum day demand reaches about 27 mgd. Additional storage will be needed as the City
develops and demand continues to increase. Approximately 0.85 MG of new storage is needed for
every 1 mgd in demand growth. Table ES-10 summarizes the estimated demand threshold for
starting planning of new storage, based on proposed sizes and locations identified in the WTP and
Distribution System Master Plan.
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Table ES-10. Demand Triggers for Future Growth, High Growth Rate Projection
2.4 percent growth rate (SACOG)
Year
2016
2017
2018
2019
2020

Population
Projection ADD, mgd MDD, mgd
YCWTP Capacity
71,377
73,090
14.0
24.6
Test membrane filters for reliable WTP
74,844
14.4
25.1
76,640
14.7
25.8
capacity of 30 mgd
78,479
15.1
26.4

2021

80,363

15.4

27.0

2022

82,292

15.8

27.7

2023

84,267

16.2

28.3

2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

86,289
88,360
90,481
92,652
94,876
97,153
99,485
101,872
104,317
106,821
109,384

16.6
17.0
17.4
17.8
18.2
18.7
19.1
19.6
20.0
20.5
21.0

29.0
29.7
30.4
31.1
31.9
32.6
33.4
34.2
35.1
35.9
36.8

2035

112,010

21.5

37.6

2040
2045
2048

126,112
141,989
152,854

24.2
27.3
29.3

42.4
47.7
51.4
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MDD ~ 26 mgd in 2020. Start planning
for Phase 1 expansion (five years from
start of planning to completion)

WTP at 42 mgd capacity

High Lift Pump Station

Notes

Need to add 6.3 MG to address existing
storage deficit plus ~ 0.85 MG per 1 MG
in growth.
Plan High-Lift PS expansion (as part of
- New WTP well (existing deficit)
WTP expansion), when MDD ~ 27 mgd.
- Rehab Wells 5, 8 and 9 (existing
12 mgd total capacity required.
deficit)
High-Lift PS at Capacity (MDD + 10
- 3.0 MG Franklin Tank (new growth
Near-term MDD = 28.5 mgd
percent of storage re-fill = 32 MGD),
~27 mgd)
when demand = 28.5 mgd
High Lift PS Capacity = 47 mgd

MDD = 30 mgd
Additional tanks (and/or wells to provide
emergency supply) at ~ 0.85 MG per
1.0 mgd increase in demand.
- Garden/Burns 2, 3.3 MG (~31 mgd)
- Franklin 2 (3.0 MG) (~35 mgd)
- Hooper (4.0 MG) (~ 39 mgd)
- Royo Ranchero (4.5 MG) (~45 mgd)

MDD ~ 30 mgd in 2025. Alternate
planning timeframe for Phase 1
expansion if City opts to operate at
interim filtration rate of 7.5 gallon/day/sf
WTP at 42 mgd capacity

MDD ~ 37 mgd. Start Planning for
Expansion to 54 mgd.
WTP at 54 mgd capacity

Distribution System BPS and Storage

Plan High-Lift PS expansion (as part of
WTP expansion) - 10 MGD total.
High Lift PS Capacity = 57 mgd

Hooper and Royo Ranchero can be
downsized or eliminated if additional
wells are added for emergency supply.

MDD = 42 mgd
Buildout MDD = 51.4 mgd

City of Yuba City
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Distribution System Master Plan

CHAPTER 1
Introduction
1.1 WATER MASTER PLAN PURPOSE

This Water Treatment Plant (WTP) and Distribution System Master Plan for the City of Yuba City
(City) is a comprehensive evaluation of the City’s Yuba City Water Treatment Plant (YCWTP)
and water distribution system. The WTP and Distribution System Master Plan identifies strategies
for cost-effectively meeting the City’s WTP and distribution system infrastructure needs; guides
capital expenditures for the WTP and distribution system; and presents comprehensive renewal
and replacement strategies. To accomplish these goals, the following work tasks were performed:
•

Evaluate and summarize existing YCWTP and key distribution system facilities;

•

Prepare water demand projections for near-term and buildout of the City;

•

Summarize existing water supplies and evaluate future supply needs to meet
buildout demands;

•

Develop and calibrate a new all-pipe hydraulic model for the City system using the
updated Geographic Information System (GIS) water system features;

•

Develop performance and operational criteria under which the YCWTP and
distribution system were analyzed and facilities improvements formulated;

•

Evaluate YCWTP to identify existing facilities, systems and equipment at the Low
Lift Pump Station (LLPS) and YCWTP that need to be expanded to meet
buildout demands;

•

Evaluate the water system for existing, near-term and buildout conditions for normal
operations, emergencies and water quality scenarios to identify deficiencies and
needed improvements;

•

Conduct an age, condition and risk-based analysis to develop a 20-year prioritized
program for the City’s renewal and replacement needs for the YCWTP, distribution
system facilities and pipelines;

•

Develop a capital improvement program identifying existing and future YCWTP and
distribution system facilities.

The resulting WTP and Distribution System Master Plan provides a comprehensive road map for
the City for future planning.
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Introduction
1.2 AUTHORIZATION

West Yost Associates (West Yost) was authorized to prepare this WTP and Distribution System
Master Plan by the City on April 4, 2017.
1.3 REPORT ORGANIZATION

This WTP and Distribution System Master Plan is organized into the following chapters:
Chapter 1:

Introduction

Chapter 2:

Water Service Area and Water System Facilities

Chapter 3:

Existing and Future Water Demands

Chapter 4:

Water Supplies

Chapter 5:

Planning and Performance Criteria

Chapter 6:

Water Treatment Plant Assessment

Chapter 7:

Existing Distribution System Evaluation

Chapter 8:

Future Distribution System Evaluation

Chapter 9:

Asset Evaluation

Chapter 10: Recommended Capital Improvement Program
The following appendices to this WTP and Distribution System Master contain additional
technical information, assumptions, and calculations:
Appendix A: Water Use Audit
Appendix B: Currently Developed Parcels Anticipated to Receive City Water in Future
Appendix C: Generator Load Analysis
Appendix D: Hydraulic Model Development
Appendix E: Emergency Water Supply Options
Appendix F: Water System Condition Assessment - Booster Pump Stations and
Reservoirs
Appendix G: Electrical System Condition Assessment
Appendix H: Prioritized Pipeline Fire Flow and Rehabilitation Improvements
Appendix I:

Recommended Rehab and Replacement Program Budgetary Projections

Appendix J:

Recommended Rehab and Replacement Program – Near-term
Improvements

Appendix K: Cost Estimating Assumptions
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•
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•
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•
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CHAPTER 2
Water Service Area and Water System Facilities
This chapter describes the City’s existing water system. System information was obtained through
the review of previous reports, maps, plans, operating records, and other available data provided
to West Yost by the City. The following sections of this chapter describe the components of the
City’s existing water system:
•

Existing Service Area and Study Area

•

Existing Service Connections and Population Served

•

Existing Water Supplies

•

Water Treatment Plant

•

Wells

•

Water Distribution System Facilities

•

Supervisory Control and Data Acquisition System (SCADA) System

2.1 EXISTING SERVICE AREA AND STUDY AREA

The City is located within Sutter County (County) in California’s Sacramento Valley, on the
western bank of the Feather River. Primarily undeveloped agricultural land exists to the north,
west, and south of the City. The City is a typical mid-sized valley agricultural community that has
experienced moderate growth. The City’s existing service area is approximately 14.9 square miles.
While the existing water service area is generally contiguous with the City limit, the City also
provides water to some customers located outside the current City limit, see Figure 2-1.
2.2 EXISTING SERVICE CONNECTIONS AND POPULATION SERVED

The City currently provides water service to approximately 18,697 residential, commercial,
irrigation, industrial and institutional/governmental service connections. Much of the residential
development in the City is low-density single-family housing and much of the commercial
development is retail-related. There are also some large industrial water users, such as Sunsweet,
Valley Fine Foods and the Yuba City Energy Center. The current City service area population is
approximately 71,070.1 Table 2-1 provides the historical number of services by customer class.

1

Service Area population estimated using the method developed in the Yuba City 2015 Urban Water Management
Plan which accounts for service area, which slightly differs from the city limits. Population served is calculated based
on person per connection method developed from 2010 census data.
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Chapter 2
Water Service Area and Water System Facilities
Table 2-1. Historical Number of Services
Year

Customer
Class
Single
Family
Residential

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

14,989

15,392

15,376

15,313

15,280

15,279

15,422

15,768

15,821

15,880

Multi-family
Residential

975

993

1,126

1,060

1,156

1,158

1,151

991

1,154

1,155

Commercial/
Institutional

1,064

1,214

1,217

1,273

1,225

1,207

1,218

1,378

1,225

1,233

Industrial

5

5

5

5

5

5

5

5

5

5

Landscape
Irrigation

293

303

313

380

392

396

396

396

393

399

Other

141

288

57

14

12

2

23

28

14

25

0

0

0

0

0

0

0

0

0

0

Agricultural
Irrigation
Total

17,467

18,195

18,094

18,045

18,070

18,047

18,215

18,566

18,612

18,697

2.3 EXISTING WATER SUPPLIES
2.3.1 Surface Water

The primary water supply source for the City is surface water from the Feather River. The City’s
existing surface water sources include two appropriative water rights regulated by the Water
Resources Control Board (SWRCB) and two surface water supply contracts as follows:
•

SWRCB License 13855

•

SWRCB Permit 18558

•

North Yuba Water District (NYWD) Contract

•

California Department of Water Resources (DWR) State Water Project (SWP) Contract

These entitlements enable diversion of water from the Feather River at a single point of diversion
located approximately 2.4 miles upstream from the confluence of the Feather and Yuba Rivers.
The flow in the Feather River at the City’s intake is controlled by SWP operations at Lake Oroville.
Water is treated at the Yuba City Water Treatment Plant (YCWTP), described in Section 2.4 Water
Treatment Plant.
2.3.2 Groundwater

Yuba City overlies the Sutter Subbasin (identified by the California DWR as Groundwater Basin
Number 5-21.62), which is part of the Sacramento Valley Groundwater Basin. The Sutter Subbasin
is not an adjudicated groundwater basin. It is bounded on the north by the confluence of Butte
Creek and the Sacramento River and Sutter Buttes, on the west by the Sacramento River, on the
south by the confluence of the Sacramento River and the Sutter Bypass, and on the east by the
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Chapter 2
Water Service Area and Water System Facilities
Feather River. The principal sources of groundwater recharge are stream percolation, deep
percolation of rainwater, and percolation of irrigation water.
Prior to 1969, the City’s water supply was local groundwater. The water was hard and contained
high levels of sulfides, iron, and manganese. In 1965, the citizens passed a bond issue, 91 percent in
favor, to construct a new surface water treatment plant. The YCWTP was placed online in 1969.
The City maintains one backup/standby groundwater well at the YCWTP, which has a capacity of
approximately 1,400 gpm (2.0 mgd). In the event of a significant water shortage, water from this
well can be used to provide supplemental source water to the YCWTP. The City was required to
reduce Feather River diversions in 2014 and began operating the backup/standby groundwater well
continuously in July 2014. Operation of this well ceased on September 14, 2016. When the well is
used, well water is blended with raw water and treated at the YCWTP prior to delivery to the
distribution system.
In 2001, the City acquired Hillcrest Water Company (HWC). The HWC provided groundwater
service to four regions within the City’s current service area. The HWC system included
approximately 4,600 service connections and 13 active groundwater wells. The groundwater
quality is relatively hard, is reported to have a hydrogen sulfide odor, and most wells historically
exceeded maximum contaminant levels (MCLs) for one or more of the following constituents:
arsenic, iron, manganese, and nitrate. The City provided groundwater from some of the HWC wells
to customers through September 2010. All of the HWC wells are now inactive and all of the former
HWC customers receive water from the YCWTP. Some of these existing wells could potentially
be re-activated and used to help meet emergency water demands. Chapter 9 of this WTP and
Distribution System Master Plan includes an assessment of wells and provides recommendations
for their future use.
Information on the well at the YCWTP and the HWC wells is summarized in Section 2.5.
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2.4 WATER TREATMENT PLANT
2.4.1 Raw Water Intake and Low Lift Pump Station Facilities at Feather River

Feather River water diversion facilities include a river intake facility and a low lift pump station (LLPS).
Table 2-2 identifies the major components at the Feather River (River) intake structure and LLPS
and their elevations. Table 2-3 lists pump information for LLPS.
Table 2-2. Elevations from Hydraulic Profile of River Intake and Low Lift Pump Station
Location

Elevation(a)

River Intake

Invert

25.0

Fish Screen

Effective Base of Openings

27.0

Fish Screen

Effective Top of Openings

35.6

Raw Water Pipeline

Invert at Intake

26.0

Raw Water Pipeline

Invert at LLPS Caisson

27.5

Invert

27.0

Facility

LLPS Caisson
(a)

Except for fish screen, elevations are from HDR, 2012, Yuba City Raw Water Intake and Low Lift Pump Station
Modifications, Sheet G05, Hydraulic Profile (HDR (2012). Fish screen elevations are from the Yuba City – Emergency
Water Supply Options technical memorandum (West Yost & Associates, 2016). Datums used are not reported.

The river intake structure includes fish screens, conveyance piping, an air blast system that cleans
the intake screens, and associated facilities.
The fish screen’s capacity is 48.6 mgd when the river stage is 35.6 feet. Fish screen flow capacity
is based on a maximum allowable approach velocity of 0.33 feet per second permitted by
California Department of Fish and Wildlife with a 25 percent factor of safety.
As the river stage decreases during low flow conditions, fish screen submergence decreases, and
both the fish screen and LLPS capacity decrease. The current YCWTP firm capacity of 30 mgd
corresponds with a river stage of 32.4 feet.
2.4.2 Water Treatment Plant

The YCWTP includes two water treatment processes in parallel treatment facilities. The YCWTP
has a firm capacity of 30 mgd. Figure 2-2 shows the major components located at the YCWTP.
The original YCWTP was placed in service in 1969. The original YCWTP facility has a conventional
filtration treatment process that includes a pretreatment system with a rapid mixer to disperse
coagulant and chemicals to aid coagulation into the source water ahead of three pretreatment trains,
four rapid sand filters, followed by disinfection using chlorine. Each of the three pretreatment trains
includes three flocculation stages and sedimentation-clarification. The four rapid sand filters were
approved by the California Department of Health Services (DHS), a predecessor agency to the
SWRCB Division of Drinking Water (DDW), with an effective date in March 2006, for operation at
filtration rates as high as 7.5 gallons per minute per square foot (gpm/sf). The conventional filters
are currently operated at 6 gpm/sf, with a capacity of 18.9 mgd with three filters in operation.
Accounting for filter backwash, the filtration treatment facility has a firm capacity of 18 mgd.
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Table 2-3. Low Lift Pump Station

Pump Station ID

Type of Pump

Total Pumping
Capacity, gpm

Low Lift Pump Station

Vertical Turbine

24,700

(a)
(b)

Installation Date
1969
1969 (a)
1969
(b)
2005
(b)
1969
(b)
1981

Pump Number
1
2
3
4
5
6

Horsepower
100
100
100
100
100
100

VFD
Yes
No
Yes
No
Yes
Yes

Nominal Pump
Capacity, gpm
4000
4000 (a)
4000
4700
4000
4000

Nominal Pump
Capacity, mgd
5.8
5.8 (a)
5.8
6.8
5.8
5.8

Rated Total
Dynamic Head,
feet
78
78 (a)
78
67
78
78

Manufacturer and
Model
BJ/Johnston
Goulds 181-HC-2-STG
BJ/Johnston
Flowserve 20SPH-2
BJ/Johnston
BJ/Johnston

Pump curve not provided. Pump being re-built at time of condition assessment inspection. Pump original installation date and capacity assumed the same as 1, 3 and 5.
Pump and motor recently rebuilt. Date of rebuild not reported. Date listed is date of pump curve.
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Chapter 2
Water Service Area and Water System Facilities
The City installed a new membrane filtration treatment facility that operates in parallel with the
conventional filtration facility and a new 4 million gallon (MG) baffled clearwell for disinfection
contact time in 2007. The membrane treatment system includes: a rapid mixer that disperses coagulant
into the raw water; hydraulic flocculation to condition the coagulated material for membrane filtration;
and, two basins with submerged membrane filter modules that receive 3-log removal credit for both
Giardia and Cryptosporidium (pathogens larger than 3 microns) as long as the membrane cells’ filtered
water turbidity meets the performance standards included in Permit Amendment No. 68-26A6 with an
effective date of March 25, 2008. The two membrane filter cells have a combined capacity of 12 mgd,
and are normally operated during summer months when the demand for treated water is highest and
the two membrane systems can be operated at their combined capacity.
The membrane filter modules require use of clean-in-place chemicals to remove mineral scale and
to control and remove microbial foulants from the membrane fibers’ surface. The clean-in-place
system’s waste chemicals are neutralized on site prior to discharge.
Filtered water disinfection contact time is provided in the 4 MG clearwell, which draws from the
filters and supplies the High Lift Pump Station (HLPS) wetwell. On-site storage of treated water to
address fluctuations in daily water demands is provided by two 2 MG treated water clearwells at the
YCWTP site that float on the HLPS wetwell. The treated water is delivered from the two clearwells
to the City’s distribution system using the HLPS located on the south side of the Administration and
Operations Building.
2.4.3 Backwash Water Recovery at the WTP

Both the membrane filter cells’ spent back-pulse water and the granular media filters’ backwash
water are sent to one of the two operational wash water percolation basins. Approximately 500,000
to 600,000 gallons of membrane backpulse and granular media filters’ waste filter backwash water
are sent to the operational basin during an average day. The City’s waste discharge requirements
for the YCWTP allow up to 1.0 mgd monthly average dry weather discharge flow.
2.5 WELLS

Table 2-4 provides a summary of the City’s existing groundwater wells, including the backup/standby
well at the WTP, and the wells purchased from HWC, which are inactive due to poor water quality.
The main contaminants that are found in various concentrations in the wells are arsenic, iron,
manganese, and nitrate, with specific contaminants varying from well to well. Chapter 9 includes an
assessment of the HWC wells and provides recommendations for their future use.
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Water Service Area and Water System Facilities
Table 2-4. Existing Groundwater Wells

Well ID(a)

Year
Drilled(a)

Use(a)

Historical
MCL
Exceedances

Available
Capacity, gpm(c)

1,400

Active

As, Fe, Mn

1,400

Nominal
Capacity, gpm(b)

WTP
WTP
Former Hillcrest System Wells
2(d)

1967

900

Abandoned

As, Fe, Mn

0

3(d)

1959

1,350

Inactive

As, Fe, Mn

0

4(d)

1959

1,300

Inactive

As, Fe, Mn

0

5

1967

850

Inactive

Fe, Mn

0

7(d)

1968

1,400

Inactive

As, Fe, Mn

0

8

1977

800

Inactive

As, Fe, Mn

0

9(e)

1978

600

Inactive

As, Fe, Mn

0

13

1977

1,350

Inactive

As, Fe, Mn

0

14

1989

1,150

Abandoned

As, Mn, NO3

0

1955

—(f)

Inactive

—(g)

0

17

1966

—(f)

Inactive

—(g)

0

18

1987

875

Inactive

As, NO3

0

19

1987

825

Inactive

As, NO3

0

20

1985

600

Inactive

NO3, As

0

21

1985

—(f)

Abandoned

—(g)

0

22

1987

750

Inactive

As

0

Total, gpm

14,150

—

—

1,400

Total, mgd

20.4

—

—

2.0

16

(a)

(b)

(c)

(d)

(e)

(f)
(g)

From undated list describing status of wells following acquisition of HWC. All wells, except the WTP well, were acquired from the
HWC. Except for the WTP well, the listed use is the use at the time the HWC wells were acquired. Formerly active and standby
HWC wells were assumed potentially suitable for reactivation. Formerly inactive HWC wells were assumed unsuitable
for reactivation.
From Yuba City Water System Master Plan Update, HDR, May 2004, Table 7-2 Recommended Groundwater Treatment
Improvements at Existing Wells.
Available capacity for formerly active and standby HWC wells and WTP well. Available capacities for Wells 5 and 8
reported by City operations staff.
Wells 2, 3, 4 and 7 were raw water sources for three water treatment plants operated by HWC to reduce dissolved iron,
manganese, methane and hydrogen sulfide concentrations in groundwater.
Well 9 is equipped with an ATEK Systems wellhead treatment system to reduce arsenic, iron and manganese
concentrations.
Capacity not provided in 2004 Water System Master Plan Update.
Results limited or not available.
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Water Service Area and Water System Facilities
2.6 WATER DISTRIBUTION SYSTEM FACILITIES

The City’s water distribution system consists of a single pressure zone, with existing customer
service elevations ranging from 46 to 67 feet above mean sea level.2 The City’s distribution system
facilities are described below. Figure 2-1 shows the distribution system and facilities.
2.6.1 Treated Water Storage Facilities

The City has five at-grade tanks located throughout the system and three clearwells located at the
YCWTP (see Figure 2-1). They have a total combined storage capacity of 20.6 MG as shown in
Table 2-5.
Table 2-5. Treated Water Storage Facilities
MSL Elevations,
feet

Nominal
Capacity, MG

Diameter, feet

Maximum Level,
feet

Floor

Overflow

YCWTP Clearwell 1

2.0

130

19

43

62

YCWTP Clearwell 2

2.0

130

19

43

62

Disinfection
Contactor/Clearwell 3

4.0

194

--

--

--

Garden/Burns

3.0

130

30

49.3

79.3

Harter

2.0

120

30

56.8

86.8

Harter

2.0

120

30

56.8

86.8

Rowe

1.0

74

32

58

90

Sam Brannan

1.0

74

31

59

90

Sanborn

3.6

154

33

50.9

83.9

--

--

--

Storage Facility

Total

20.6

--

Distribution system storage facilities are operated to balance short-term differences in supply and
demand. During hours of high demand, water is pumped from the tanks into the distribution system
to supplement the supply. The tanks have a sustaining valve that opens to allow replenishment of
the tanks during lower demand hours when the YCWTP supply exceeds demand.
2.6.2 Booster Pump Stations

The City’s water distribution system pump stations include the HLPS that supplies the distribution
system from the YCWTP and the five booster pump stations that pump from the ground level tanks
described above. Table 2-6 summarizes key information on the pump stations.

2

Elevations based on Light Detection and Ranging (LIDAR) data provided by the City, with a datum based on the
North American Vertical Datum of 1988 (NAVD 88).
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Table 2-6. Potable Water Distribution System Pump Stations

Pump Station ID

Ground Surface
Elevation, msl

Installation Date
1969
1969
High Lift Pump Station
67
Vertical Turbine
28,550
1969
1969
1969
1978
Horizontal Split
Garden/Burns
54
4,770
1978
Case
2010
2005
2005
Harter
47
Vertical Turbine
9,740
2005
2005
2005
1969
Horizontal Split
Rowe
60
1,720
Case
1969
1969
Horizontal Split
Sam Brannan
59
1,520
Case
1969
2010
2010
Sanborn
52
Vertical Turbine
9,740
2010
2010
2010
(a)
The nameplate for Pump 2 was painted over. Assumed Pump 1 and Pump 2 are the same.

w\c\285\12-17-12\e\06\existing system\existing system tables
Last Revised: 06-12-2017

Type of Pump

Total Pumping
Capacity, gpm

Pump Number
10
11
12
13
14
1
2
3
1
2
3
4
5
1
2(a)
1
2
1
2
3
4
5

Horsepower
250
300
250
300
300
75
75
75
40
40
200
200
200
40
40
40
40
40
40
200
200
200

VFD
Yes
Yes
Yes
Yes
Yes
No
No
No
Yes
Yes
Yes
Soft Start
Soft Start
No
No
No
No
Yes
Yes
Yes
Soft Start
Soft Start

Nominal Pump
Capacity, gpm
4900
6250
4900
6250
6250
1560
1560
1650
670
670
2800
2800
2800
860
860
760
760
670
670
2800
2800
2800

Nominal Pump
Capacity, mgd
7.1
9.0
7.1
9.0
9.0
2.2
2.2
2.4
1.0
1.0
4.0
4.0
4.0
1.2
1.2
1.1
1.1
1.0
1.0
10.0
10.0
10.0

Rated Total
Dynamic Head,
feet
155
155
155
155
155
155
155
134
175
175
175
175
175
132
132
148
148
175
175
175
175
175

Manufacturer and Model
Johnston
Johnston FM 17 H-2
Johnston
Water Ways Distribution 20EHC-1
Water Ways Distribution 20EHC-1
Warren 74449
Warren 74450
PACO 30-60124-X4001X2922E
Floway
Floway
Floway
Floway
Floway
Fairbanks Morse 5824
Fairbanks Morse 5824
Fairbanks Morse 5824
Fairbanks Morse 5824
Floway
Floway
Floway
Floway
Floway

City of Yuba City
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Chapter 2
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2.6.3 Water Pipelines

Yuba City’s existing water system consists of approximately 275 miles of water system pipelines,
see Figure 2-1. Table 2-7 and Table 2-8 summarize Yuba City’s existing pipelines by diameter and
material type, respectively. Figure 2-3 and Figure 2-4 depict Yuba City’s existing pipelines by
material and installation date, respectively. Distribution pipeline sizes generally range from 2 inches
to 12 inches in diameter, while larger transmission mains range from 14 inches to 36 inches in
diameter. Over 80 percent of the distribution system is comprised of asbestos cement (AC) or ductile
iron pipe (DIP), approximately 55 percent AC and 27 percent DIP.
Table 2-7. Summary of Existing Pipelines by Diameter(a,b)

Pipe Diameter, inches
2

Percent in
Water System

1.5

1

70

0.0

0

3

7,780

1.5

1

4

54,940

10.4

4

5

1,140

0.2

0

6

327,050

61.9

23

8

531,680

100.7

37

10

127,410

24.1

9

12

172,940

32.8

12

14

57,030

10.8

4

16

85,350

16.2

6

18

3,110

0.6

0

20

2,170

0.4

0

24

20,230

3.8

1

27

3,620

0.7

0

30

32,530

6.2

2

36

5,970

1.1

0

750

0.1

0

1,441,770

273.1

Unknown
Total

(b)

Length of
Pipelines, miles

8,000

2.5

(a)

Length of
Pipelines, feet

100%

Includes Yuba city owned active pipelines contained in the “MainLine” feature class provided by Yuba City. Service laterals
are not included.
Pipeline lengths rounded to the nearest 10 feet.
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Table 2-8. Summary of Existing Pipelines by Material(a,b)
Length of
Pipelines, feet

Length of
Pipelines, miles

Percent in
Water System

Asbestos Cement

796,680

150.9

55

Cast Iron Pipe

137,620

26.1

10

Cement Mortar Lined and Wrapped
Steel

100

0.0

0

Copper

700

0.1

0

385,220

73.0

27

14,370

2.7

1

230

0.0

0

48,960

9.3

3

550

0.1

0

26,820

5.1

2

20

0.0

0

30,500

5.8

2

273.1

100%

Material Designation

Ductile Iron Pipe
Galvanized Iron Pipe
Galvanized Steel
Polyvinyl Chloride (Plastic)
Spiral Weld
Steel Cement Lined Coated
Techite
Unknown
TOTAL
(a)

(b)

1,441,770

Includes City-owned active pipelines within City service area, contained in the Water Main shapefile provided by City.
Service laterals are not included.
Pipeline lengths rounded to the nearest 10 feet.

2.7 SCADA SYSTEM

The City uses a SCADA system to monitor and control the YCWTP and water distribution system
facilities. The City maintains the SCADA control software at the YCWTP, which communicates to
distribution system pump stations and reservoirs via a Modbus+ network. Communication to remote
sites is via radio. The City is in the process of preparing a new City-wide SCADA Master Plan.
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CHAPTER 3
Existing and Future Water Demands
This chapter presents the existing and projected buildout water demands for the City. These water
demand estimates were used to identify the required water supply to service the buildout water
system. They were also used to update the City’s water distribution system model for hydraulic
analyses of existing and future water system infrastructure needs.
3.1 OVERVIEW

Accurate and detailed water demand data are required to develop and calibrate the existing water
system hydraulic model. In addition, these data are used to identify potential deficiencies in the
existing water system, and projections are used to develop a future water system hydraulic model
and assist in the assessment of the buildout water treatment plant and system capacity and future
capital improvement program based on anticipated future development. Future water demand
projections also play a key role in helping the City identify and secure sufficient water supplies to
serve their future customers under various hydrologic conditions.
The following sections of this chapter describe the data and methodology used to determine the
City’s existing and future water system demands:
•

Historical Water Production and Consumption

•

Current and Future Water Conservation Regulations

•

Water Demand Projections

3.2 HISTORICAL WATER PRODUCTION AND CONSUMPTION
3.2.1 Water Production

Table 3-1 summarizes historical water production from 2007 to 2016, including surface water which
is treated at the YCWTP, and groundwater extracted from the groundwater basin, as reported in the
City’s Water System Statistics Reports. Water deliveries are presented in units of million gallons
per year (MG/yr), acre-feet per year (AF/yr), and million gallons per day (mgd), the latter
representing an average daily production.
As indicated in the table, the City produced, on average, approximately 16,000 AF/yr during this
period, equivalent to an average day demand of 14.3 mgd. Most of this water (15,500 AF/yr) was
treated surface water from the YCWTP. The City produced groundwater from wells, acquired as
part of its purchase of the former Hillcrest system, until September 2010. Since then, the City has
used surface water as its principal source of supply, augmenting this supply with groundwater from
the well at the YCWTP in recent drought years. Groundwater produced in recent drought years
was treated at the YCWTP.
Figure 3-1 presents historical annual water production and historical average annual rainfall for
2007 through 2016, allowing for a comparison between these two related items. A significant
decrease in water production is noted for 2014 through 2016, which followed two years of
relatively low precipitation (i.e. a drought) in 2012 and 2013. Mandatory water conservation
reductions were imposed State-wide in 2015 due to the ongoing drought.
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Table 3-1. Historical Annual Production(a)
Year
2007
2008
Year
Total Annual Production, MG/year
Wells
972
1,133
Surface
5,036
4,945
Purchased
0
143
Total 6,007
6,220
Total Annual Production, AF/year
Wells
2,982
3,476
Surface
15,455 15,176
Total 18,437 18,652
Average Daily Production, MGD
Wells
2.7
3.1
Surface
13.8
13.5
Total 16.5
16.7

2009

2010

2011

2012

2013

2014

2015

2016

Average
(all years)

Average
(last 5 yrs)

558
4,982
0

292
4,985
0

0
5,022
0

0
5,426
0

0
5,586
0

675
4,153
0

369
3,863
0

135
4,088
0

413
4,809
14

236
4,623
0

5,541

5,277

5,022

5,426

5,586

4,828

4,232

4,223

5,236

4,859

1,714
15,292

897
15,299

0
15,413

0
16,654

0
17,144

2,071
12,746

1,134
11,855

414
12,547

1,269
14,758

724
14,189

17,005

16,196

15,413

16,654

17,144

14,817

12,989

12,961

16,027

14,913

1.5
13.7
15.2

0.8
13.7
14.5

0.0
13.8
13.8

0.0
14.9
14.9

0.0
15.3
15.3

1.8
11.4
13.2

1.0
10.6
11.6

0.4
11.2
11.6

1.1
13.2
14.3

0.6
12.7
13.3

(a) Source: Water System Statistics Reports. Groundwater use shown in 2014 through 2016 was produced at the WTP well, and treated at the YCWTP, as reported in the
spreadsheet Water Supply - 2009 - Present.xls. Surface water totals for 2014 through 2016 were reduced so that sum of groundwater and surface water match reported production totals in
Water System Statistics Reports, which lists only surface water production in these years.
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Water Production, MG/yr

Figure 3-1. Historical Annual Water Production (2007-2016)
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Chapter 3
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Figure 3-2 illustrates the historical monthly water production for each year between 2007 and
2016. Based on the data shown in Figure 3-2, the average maximum month production is
approximately 670 MG for 2007 through 2016 and 600 MG for 2012 through 2016. These data
indicate that the City’s highest monthly water production has historically occurred in either July
or August, which corresponds with high temperatures and minimal rainfall experienced in the City
during these summer months. The lowest monthly production is observed during the winter months
(December, January and February), as expected when there is minimal outdoor water use.
3.2.2 Water Consumption

Historical water consumption is the quantity of water used by customers, as measured by the water
meters at each customer connection. The City has been fully metered since 2011, after completing
metering of the City’s former Hillcrest system residential customers. The City compiles monthly
reports that track metered consumption by seven customer classes, which include Single Family
Residential, Multi-Family, Commercial/Institutional, Industrial, Landscape Irrigation, Other, and
Agricultural Irrigation. Table 3-2 summarizes the historical metered water consumption by year
and customer class for 2007 through 2016.
The City provided detailed consumption records by account for calendar year 2013, the highest
consumption year in recent history (2009 through 2016), and with water use unaffected by drought.
Table 3-3 summarizes annual usage for the top usage accounts within the system for 2013. The
top five users account for 20 percent of the total 2013 water consumption for the City. As discussed
in Section 3.4 Water Demand Projections, the entire dataset was used to develop unit use factors
for different land use types within the City.
3.2.3 Non-Revenue Water

Non-revenue water is the difference between the recorded water production and metered water
consumption. Non-revenue water includes a combination of various water uses that are not
metered, such as water used for hydrant testing, firefighting, and system flushing, water that is lost
due to system leaks, water main breaks or water theft, and meter or other data errors.
Table 3-4 displays calculated non-revenue water in MG/yr and as a percent of annual production
since 2011, the first year after the City completed its residential metering program of the former
Hillcrest water system. From 2011 through 2016, non-revenue water averaged approximately
7 percent of annual production and ranged from 6 to 10 percent.
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Figure 3-2. Historical Monthly Water Production (2007-2016)
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Table 3-2. Historical Annual Consumption
Customer Class

2007

2008

2009

2010

Year
2011
2012

2013

2014

2015

2016

Annual Consumption, MG/year
Single Family Residential

2,363

2,251

2,079

2,578

2,560

2,830

2,877

2,418

2,044

2,114

Multi-family Residential

566

545

548

548

591

627

605

555

508

516

Commercial/Institutional

687

667

624

543

576

601

592

542

492

499

Industrial

595

585

552

632

636

620

583

726

543

583

Landscape Irrigation

270

394

261

274

325

407

427

284

213

244

Other
Agricultural Irrigation

15
0

29
0

13
0

11
0

1
0

3
0

2
0

4
0

4
0

1
0

Total
Annual Consumption, AF/year

4,496

4,471

4,077

4,585

4,689

5,088

5,086

4,528

3,805

3,957

Single Family Residential

7,252

6,907

6,381

7,911

7,856

8,687

8,830

7,421

6,275

6,487

Multi-family Residential

1,738

1,673

1,682

1,681

1,815

1,925

1,856

1,702

1,559

1,583

Commercial/Institutional

2,110

2,048

1,914

1,668

1,769

1,843

1,818

1,662

1,510

1,532

Industrial

1,826

1,796

1,696

1,938

1,951

1,901

1,790

2,228

1,667

1,790

Landscape Irrigation

829

1,208

802

840

997

1,250

1,310

872

655

748

Other
Agricultural Irrigation

45
0

88
0

40
0

32
0

3
0

8
0

6
0

12
0

11
0

3
0

13,721

12,514

14,071

14,391

15,615

15,611

13,898

11,677

12,143

Total 13,799
Average Daily Consumption, MGD
Single Family Residential

6.5

6.2

5.7

7.1

7.0

7.8

7.9

6.6

5.6

5.8

Multi-family Residential

1.6

1.5

1.5

1.5

1.6

1.7

1.7

1.5

1.4

1.4

Commercial/Institutional

1.9

1.8

1.7

1.5

1.6

1.6

1.6

1.5

1.3

1.4

Industrial

1.6

1.6

1.5

1.7

1.7

1.7

1.6

2.0

1.5

1.6

Landscape Irrigation

0.7

1.1

0.7

0.8

0.9

1.1

1.2

0.8

0.6

0.7

Other
Agricultural Irrigation

0.0
0.0

0.1
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

12.3

12.2

11.2

12.6

12.8

13.9

13.9

12.4

10.4

10.8

Total

Source: Water System Statistics Reports
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Table 3-3. Top Water Use Accounts in 2013
Customer Account(s)
841200-0, 841196-0
840539-0
801980-0, 802056-0
923015-1
003776-00
003389-0
602200-0
064627-0
281060-1
841188-1
281070-1
775230-00
441865-0
003816-1
795620-0
280800-0
001491-0
003272-0
521200-0

Service Address
901 Walton Avenue
875 Walton Avenue North
448 Garden Highway
300 Epley Drive
421 C Street
Plumas Landscape @ Center Street
700 Jones Street
1039 GGarden Highway
665 Queens Avenue
873 Walton Avenue
645 Queens Avenue
Happy Park
1695 Butte House Road
3301 E Onstott Rd
1794 Villa Avenue
2086 Live Oak Blvd 2092 2160
1781 Franklin Rd
Colusa Fr Rd/Emma Ct Landscape
1077 Civic Center Blvd

Total Demand,
CCF/yr
582,249
182,984
58,220
38,309
33,241
24,923
17,509
16,661
15,686
14,687
13,151
12,179
11,571
11,241
11,157
10,770
10,643
10,539
10,336

Total Demand,
Gallons/yr
435,522,252
136,872,032
43,548,186
28,655,394
24,864,403
18,642,180
13,096,710
12,462,278
11,732,963
10,985,876
9,836,828
9,109,892
8,654,876
8,408,418
8,345,361
8,056,184
7,960,964
7,882,948
7,731,298

Total Demand,
Gallons/day
1,193,212
374,992
119,310
78,508
68,122
51,074
35,881
34,143
32,145
30,098
26,950
24,959
23,712
23,037
22,864
22,072
21,811
21,597
21,182

Name
Sunsweet Growers Inc.
Greenleaf Unit 2 & Assoc
Sutter Co-Richland Housing
Valley Fine Foods
City of Yuba City (Gap)
City of Yuba City (Island)
Tony's Fine Foods
Gum Tree Mobile Home Park
Park Terrace Apts 1050
Yuba City Cogeneration
Live Oak Apartments
City of Yuba City (Park)
Esquivel Properties
Yuba Community College Dist
Tierra Buena School
Gur Bal Suk Mobile Home
Roll-A-Home Mobile Home Park
City of Yuba City (Lmd)
Sheriff's Office

(a) Happy Park is currently being irrigated with non-potable well water.
Source: 2013 Water Consumption Data.
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Table 3-4. Historical Non-Revenue Water

Year

Annual Water
Production, MG/yr

Annual Water
Consumption, MG/yr

Non-Revenue
Water, MG/yr

Non-Revenue
Water as a
Percent of Total
Water Production

2011

5,022

4,689

333

7

2012

5,426

5,088

339

6

2013

5,586

5,086

499

9

2014

4,828

4,528

300

6

2015

4,232

3,805

427

10

2016

4,223

3,957

266

6

Average

7

Source: Table 3-1 for production; Table 3-2 for consumption.

Historically, non-revenue water of 10 percent or less has been considered an acceptable level for
water utilities. In 2015, California Senate Bill 555 the Urban Retail Water Suppliers: Water Loss
Management bill was passed, which will require more detailed reporting on water loss, starting in
2017. DWR has developed a Water Audit Method tool that enables utilities to better quantify losses
attributable to metering and data errors or leakage. The tool also incorporates financial statistics to
evaluate the cost of water loss so that utilities can identify cost-effective ways to reduce water loss.
SB 555 is described more fully in Section 3.3 Current and Future Water Conservation Regulations.
3.2.4 Per Capita Water Use

Historical per capita water use is the annual water production divided by the corresponding service
area population. Table 3-5 summarizes the historical per capita water use for the City’s water
system from 2001 to 2016, based on information from the City’s 2015 Urban Water Management
Plan (UWMP). As shown, the historical per capita water demand has averaged approximately
222 gallons per capita per day (gpcd). When the drought years of 2014, 2015 and 2016 are
excluded, the per capita water demand is 233 gpcd.
Figure 3-3 compares the historical per capita water use, historical water production and estimated
historical population within the City’s water service area. Per capita water use is calculated by
dividing total water production by the service area population. As shown, the estimated historical
population has increased continuously since 2001. During that same time period, water production
generally increased until 2008, and has declined since then, due to the Great Recession, more
recently, the extended drought, and ongoing implementation of conservation measures within the
City. As a result, per capita water use has had a declining trend since 2008, indicating reduced
water use by the various City water use sectors.
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Table 3-5. Historical Per Capita Water Use

(a)
(b)

(c)

Year

Population
Served(a)(b)

Water Produced,
MG/year

Water Produced,
mgd

Per Capita Water
Use, gpcd(c)

2001

57,476

4,771

13.1

227

2002

52,774

3,923

10.7

204

2003

58,879

5,481

15.0

255

2004

58,807

5,933

16.3

276

2005

64,443

5,435

14.9

231

2006

66,348

5,650

15.5

233

2007

66,838

6,007

16.5

246

2008

68,600

6,220

17.0

248

2009

69,090

6,092

16.7

242

2010

68,550

5,814

15.9

232

2011

68,867

5,022

13.8

200

2012

68,871

5,426

14.9

216

2013

69,441

5,586

15.3

220

2014

70,220

4,828

13.2

188

2015

71,070

4,232

11.6

163

2016

71,377

4,223

11.6

162

Average Per Capita Water Use (2001-2016)

222

Average Per Capita Water Use (not including 2014-2016)

233

Source: 2015 Urban Water Management Plan
Population estimates for 2006-2014 and 2016 based on UWMP methodology, which calculated unit population per
residential service using 2010 population from census blocks / 2010 residential services. This factor was applied to
residential services in other years to estimate population.
Per capita water use is calculated as total water production divided by population served, and therefore includes all City
water use (residential, commercial, industrial, etc.) as well as water losses.

3.2.5 Maximum Day Use

Table 3-6 shows the historical average day and maximum day use for the City’s water system
compiled from production data for 2011 through 2016.1 For this period, the maximum day demand
(MDD) peaking factor, the ratio of the maximum day use to the average day use, varied from 1.60
to 1.84, and averaged 1.75.

1

Data are not reported for earlier years, since the City reported information for each of its individual water system
permits in different reports, prior to the consolidation of the former Hillcrest system permits with the City’s water
system permit.

3-10
January 2019
w:\c\285\12-17-12\wp\mp\052617_ch3

City of Yuba City
Water Treatment Plant and
Distribution System Master Plan

Chapter 3
Existing and Future Water Demands
Table 3-6. Historical Maximum Day Use

Average Day Use,
mgd

Average Day to
Maximum Day
Peaking Factor

Year

Maximum Day

Maximum Day
Use, mgd

2011

June 21, 2011

24.87

13.76

1.81

2012

July 12, 2012

26.74

14.87

1.80

2013

July 3, 2013

24.50

15.30

1.60

2014

August 21, 2014

22.59

13.23

1.71

2015

July 30, 2015

21.36

11.59

1.84

2016

August 18, 2016

19.74

11.57

1.71

Average Peaking Factor

1.75

2013 is used as the baseline for the existing system analysis, and existing maximum day use is
based on the actual maximum day use. A maximum day peaking factor of 1.75 times the average
daily use is used for the future system analysis, based on the average of values from 2011 through
2016.
3.2.6 Diurnal Use Patterns

Distribution system evaluations evaluate hourly operation for the maximum demand day, and for a
winter-time day. SCADA data was analyzed for January 18, 2017, a low demand day, and June 22,
2017, a high demand day to develop diurnal usage patterns for the system analysis. The City provided
tabulated SCADA information on tank levels and pump discharge flows for the City’s tanks and
pump stations. Discharge data from the WTP high-lift pumps and the change in storage at the tanks
were summed based on estimated flow recordings and the SCADA information to represent total
demand in the City’s water system. Hourly demands were computed from the data and then were
normalized by dividing hourly values by the average daily demand.
Separate diurnal patterns were developed for each day to represent winter and summer usage
patterns. Figure 3-4 displays both diurnal patterns. Both diurnal patterns display similar peak
demands in the early morning hours and again in the evening hours. Overall, the peak hour water
use is between 1.4 and 1.5 times the average daily demand. The diurnal usage patterns are likely
influenced by large industrial users, such as Sunsweet and Greenleaf Energy Center.
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Figure 3-4 Normalized Diurnal Patterns
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3.3 CURRENT AND FUTURE WATER CONSERVATION REGULATIONS

This section summarizes recent California regulations on water use efficiency that will impact the
City’s future water use.2
The 2009 Water Conservation Act established water conservation targets that urban water retailers
must meet by 2020. Executive Order B-37-16 provides a framework for strengthening those water
conservation targets for urban water users to further increase water use efficiency by 2025.
Senate Bill 555 increases reporting requirements for calculating and reducing system water loss.
These directives are summarized below.
3.3.1 2009 Water Conservation Act

The Water Conservation Act of 2009, also known as Senate Bill X7-7 (SB X7-7) established a
statewide 20 percent reduction in per capita water use by 2020. DWR, charged with implementing
the act, developed methodologies for calculating historical baseline usage and establishing per capita
water use targets. Historical baseline information and per capita targets were first reported in 2010
UWMPs, and were refined for the 2015 UWMPs, using population data from the 2010 census. SB
X7-7 requires urban water agencies to establish baseline usage, based on historical consumption, and
then determine targets to reduce per capita consumption by 2020. DWR provides four methodologies
to calculate water use targets, with agencies allowed to select the most favorable (i.e. highest per
capita water use) methodology for establishing its water use target. All methodologies are based on
per capita water use calculated by dividing total production by service area population. As a result,
the per capita numbers include water uses for all customer classes (residential, commercial,
industrial), and water losses.
Based on calculations presented in the 2015 UWMP, the City’s baseline use is 240 gpcd, with a
2015 interim water use target of 216 gpcd and a 2020 water use target of 192 gpcd. 2015 water use
was 163 gpcd, which is well below the 2015 and 2020 water use targets, principally due to drought
restrictions that reduced water use. Some rebound in water use is expected now that the drought
is over.
3.3.2 SB 555 Urban Retail Water Suppliers: Water Loss Management

California Senate Bill 555, passed in October 2015, requires all urban retail water suppliers to
submit completed and validated water loss audits annually to DWR, starting in October 2017.
DWR published draft regulations and received public comment on the second revision of the
regulations in June and July 2017.
The regulations require urban water suppliers to conduct water loss audits in accordance with the
American Water Works Association (AWWA) Manual of Water Supply Practices – M36,
Water Audits and Loss Control Program. AWWA has developed free water audit software, and

2

This report section was completed prior to adoption of Senate Bill 606 and Assembly Bill 1668 in May 2018, which
develop new requirements for water use efficiency. The bills establish indoor use targets for residential use, and
require California Department of Water Resources to develop outdoor water use standards by 2022.
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DWR will require on-line submission of water loss audits using this software. Water loss audits
are required to have at least a Level 1 validation, which requires that audits be documented and
corrected for inaccuracies that are evident at the summary level, and that a utility confirm that the
water audit methodology has been correctly applied. The California-Nevada section of the AWWA
is sponsoring a Technical Assistance Program, funded by the State Water Resources Control Board
(SWRCB), to assist urban water suppliers in complying with the new requirements.
DWR will identify urban retail water suppliers with high water losses, based on evaluation of the
water loss audits submitted in October 2017. Suppliers with high losses will be prioritized for
technical assistance, with the aim of developing and implementing water loss reduction plans.
In 2019 or 2020, the SWRCB will adopt performance standards for water loss volumes.
The SWRCB will also identify compliance and enforcement mechanisms for water loss standards.
Appendix A includes the City’s 2017 water loss audit.
3.3.3 Executive Order B-37-16

In May 2016, Governor Edmund G. Brown, Junior, signed Executive Order B-37-16
(Executive Order), Making Water Conservation a California Way of Life. The Executive Order
directed DWR to work with the SWRCB to develop new water use targets as part of a permanent
conservation framework for urban water agencies. The targets will build upon requirements
established in the 2009 Water Conservation Act but will strengthen standards for indoor residential
per capita water use, outdoor irrigation, commercial industrial and institutional (CII) water use,
and water lost through leaks. The Executive Order also establishes permanent monthly reporting
requirements for an urban water supplier’s water usage, the amount of conservation achieved and
any enforcement efforts. The SWRCB will be conducting a rulemaking process that will run
through 2018.
The Executive Order also directed five agencies to put together a framework document to address
elements of the Executive Order. The final report, Making Water Conservation a California Way
of Life, Implementing Executive Order, was published in April 2017. The report calls for
establishing interim water use targets by 2018, with final standards to be published by 2021, and
increasing progress towards achieving final compliance in 2025. Under the proposed framework,
overall water use targets will be established using residential water use budgets for indoor use,
outdoor use and water loss, and utilities will also be required to implement CII performance-based
measures. Water use targets will be modeled on the SB X7-7 Method 2 approach, which
established budgets for indoor and outdoor water use, with refinements. Water suppliers that are
not on track to meet interim or final standards-based targets may be provided with compliance
assistance, and/or face enforcement actions from the SWRCB.
3.4 WATER DEMAND PROJECTIONS

Water demands projections were developed for buildout of the City’s water service area and for a
near-term scenario, based on anticipated near-term growth areas identified by the City. The
methodology to develop the buildout water demand projections is described in the following
sections. Water demands were projected for buildout within the City’s Sphere of Influence (SOI)
plus the Bogue-Stewart Master Plan area using a land use-based approach, which was adjusted
using the City’s SB X7-7 per capita water use (population-based) target, since that per capita usage
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reflects the City’s currently adopted goal. Because it is currently not known how revised
regulations will impact future water use targets, demand bracketing was also used to evaluate the
sensitivity of WTP and transmission infrastructure sizing to changes in future demands. The
specific steps used in the development of these two projection methods and the results are
discussed below. Once buildout demands were developed, near-term demand projections were
estimated for the land-uses and areas projected to develop in the near-term.
3.4.1 Future Land Use and Growth

The City’s General Plan, adopted by the Yuba City Council on April 8, 2004, and subsequently
amended, with the last amendment in 2016, contains the land use plan and policies within the
City’s incorporated limit and the City’s SOI. Figure 3-5 shows General Plan land uses based on
the currently adopted General Plan.
Within the current SOI, there are several areas where the City has conducted more detailed land
use planning and has developed master plans or specific plans. These areas include the Central
Specific Plan, the Harter Specific Plan, the El Margarita Master Plan, the Lincoln East Specific
Plan and the Yuba Crossing Mixed Use Plan. Figure 3-6 shows these planning areas.
Figure 3-6 also shows the Bogue Stewart Master Plan (BSMP), a designated planning area that is
outside the current SOI. In late 2013, the City and County began evaluating the possible expansion
of the City’s SOI to the south. The area, bounded by Bogue Road on the north and Stewart Road
on the south, was identified as an area likely for inclusion in the City’s SOI. The City is currently
preparing the BSMP to identify potential land uses within this area. The City filed a Notice of
Preparation for the Environmental Impact Report of this area in January 2017. Figure 3-7 shows
proposed land uses within the BSMP area.
The City planning area includes parcels that are currently vacant, parcels that are currently under
agricultural production but are expected to be developed and served by the City, and residential
and commercial parcels that currently are served by private wells but may be served by the City in
the future. Using spatially located meter data, West Yost worked with the City to identify
potentially developable areas that fall within these categories. Figure 3-8 shows areas within the
SOI that are included in the future analysis. Parcels shown in light red are either vacant or currently
under agricultural production and are considered vacant for the future land use analysis. Parcels
shown in light purple are those that are developed residential and commercial properties that
currently use groundwater and may be served by the City in the future. Appendix B includes a list
of parcels that are currently using groundwater and may be served by the City in the future.
The City has recently completed floodplain mapping in compliance with SB 5, the 2007 bill that
requires local governments to amend General Plans and Zoning Codes to be consistent with state
law on floodplain management. Figure 3-8 shows areas where flood depths are predicted to be 6
feet or more, for an anticipated 200-year flood. Areas in the south part of the City, east and west
of Highway 99, will be regraded so that they can be developed. The small area in the southwest
corner of the City is excluded from the WTP and Distribution System Master Plan analysis, since
it is unlikely to be developable, based on anticipated 200-year flood depths.
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Yuba City experienced faster growth in the 1980s and 1990s and slower growth since 2000. Within
the City’s SOI, the historical growth rate from 1980 to 2000 was 3.4 percent (Yuba City, 2004).
Since 2000, the City’s annual growth rate has averaged 1.4 percent per year, but since 2010 has
averaged 0.5 percent (Rodriguez, pers. comm).
The 2004 General Plan presented two growth scenarios for projecting growth, one based on the
historical census analysis, projecting growth at 3.4 percent per year, with a population of 131,557 by
2025 and a second, based on Sacramento County of Governments (SACOG) analysis, projecting
growth at 2.4 percent per year, with a population of 105,730 by 2025. The City’s 2015 UWMP uses
a 3.0 percent annual growth rate, averaging the census and SACOG estimates. City Planning believes
that growth will be slower, and projects a growth rate of about 1 percent per year.
Table 3-7 shows an estimated buildout population of 145,000 within the currently adopted SOI
and 153,000, with the inclusion of the BSMP area. The analysis uses dwelling unit densities
provided by City Planning, based on historical analysis of residential development, and persons
per household estimate of 3.0 based on the 2010 U.S. Census data.
This WTP and Distribution System Master Plan presents annual growth rates of 1 to 2.4 percent,
to show the impact of when facilities would be needed. Using the different growth rates, and
including the Bogue Stewart MP, the projected 2035 population ranges from 86,000 (1 percent per
year growth) to 112,000 (2.4 percent per year growth), with the buildout year projected to range
from 2048 (2.4 percent annual growth rate) to 2093 (1 percent annual growth rate).
3.4.2 Buildout Population-Based Projections

Total buildout water use, based on the City’s SB X7-7 target of 192 gpcd and the total buildout
population estimate shown in Table 3-7, is estimated to be 10,700 MG/yr (32,900 AFY). This
equates to an average daily demand of 29.4 mgd.
Figure 3-9 shows population-based projections, using the projected 1 percent and 2.4 percent
annual growth rates presented in Section 3.4.1. Water use projections were developed by
calculating growth in population by year after 2016,3 and multiplying the future population by the
SB X7-7 per capita use target to estimate total annual water use, including customer use and system
losses. The projections assume a constant growth rate.
Because per capita-based water demand projections calculate water use for the entire water service
area, they do not account for water use variations from the different land use designations and spatial
locations. Therefore, while population-based water use projections are useful for estimating overall
water use, water demands projected from land use data are needed for the hydraulic evaluation of the
distribution system. The following section describes the land-use based demand projections, which
were developed and adjusted to match the City’s SB X7-7 per capita use target of 192 gpcd.

3

Although 2013 was used as the base year for water demand, population for 2014, 2015 and 2016 was estimated using
the same methodology in the 2015 UWMP, which estimates population based on the number of services. After 2016,
the last year for which services totals were available, population was projected using the growth rate.
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Table 3-7. Buildout Population Projections

Land Use

Area, Acre

DU/Acre

DU

People/DU(b)

Population(c)

-

-

-

69,441

4.3
7.0
20.0

16,549
4,119
4,314

3.0
3.0
3.0

49,646
12,356
12,941

Existing(a)
Existing Total Water Service Area
Future (within the currently adopted Sphere of Influence)(a)
Low Density Residential
Medium/Low Density Residential
Medium/High Density Residential

3,894
588
216

Subtotal
4,698
24,981
Future (outside the currently adopted Sphere of Influence - Bogue Stewart Master Plan area)(a)

74,942

Low Density Residential
Medium/Low Density Residential
Medium/High Density Residential

1,631
3.0
444
3.0
593
3.0
2,667
Total, within Sphere of Influence

4,894
1,331
1,778
8,002
144,383

Total, including Bogue Stewart Master Plan

152,385

Subtotal

384
63
30
477

4.3
7.0
20.0
-

(a) "Existing" areas were determined as areas with demands in 2013 meter data. "Future" areas are areas that were not receiving water in 2013,
are within the Sphere of Influence, and are planned to be developed by the City.
(b) Per 2010 census data.
(c) Population shown is for 2013, which was used as the base year for existing use.
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Figure 3-9. Annual Water Use Projections
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3.4.3 Buildout Land-Use Based Demand Projections
3.4.3.1 Projection Methodology

Future water demands in the hydraulic model are typically allocated based on specific land use
designations and location of parcels not currently served by the City. Land use-based water
demand projections were developed using land use-based unit water use factors and an estimate of
future parcels to be served by the City The methodology used to develop the buildout water
demand projection for the City is described below.
A 2013 base year was used to represent ‘existing’ conditions, since 2013 represents a recent year
with normal water usage, and water use in more recent years has been lower due to drought and
statewide water conservation restrictions. The service area water production in 2013 was
5,586 MG/yr (17,144 AFY), which equates to 15.3 mgd average daily demand.
Land use-based unit water use factors were developed from the detailed 2013 billing data for the
different General Plan land use types and applied to future development areas (vacant and
agricultural areas, and developed areas currently using private wells) to estimate the future increase
in water demand, which was added to the 2013 baseline. Total buildout housing and population
estimates were used to calculate buildout per capita water use, using the anticipated residential land
use densities, and persons per household estimates for future development areas (see Section 3.4.1).
Per capita use estimates were compared with the City’s SB X7-7 water use target and were adjusted
downward to meet the SB X7-7 target, which was used as the basis for future planning.
Two bracketing projections were also developed, one higher, based on the initial calculations
before adjusting demands to match the SB X7-7 target, and one lower, assuming an additional
10 percent reduction in water use. These were used to check the sensitivity of future improvements
sizing. Because many of the distribution system improvements are fire-flow driven, the sensitivity
analysis primarily affects transmission pipeline sizing within the distribution system. Lastly,
different annual growth projection rates were used to bracket the potential timing to reach buildout.
Based on discussions with the City, the following assumptions were incorporated into the buildout
water demand calculations:
•

All future public schools were assumed to use City water for domestic demands and
use non-potable groundwater to meet irrigation demands.

•

A demand for a potential future large industrial water user was assigned to an area
north of Lincoln Road and East of Garden Highway. The demand is assumed to be
equal to the current demand for Sunsweet.

•

Two undeveloped parcels currently owned by Caltrans that have Low Density
Residential as the assigned General Plan land use were excluded from the analysis.
The parcels are located on the east side of Garden Highway south of Bogue Road and
north of Shanghai Bend Road. The parcels currently contain a dog park and some
heritage oak trees that, according to the City Planning Department, will preclude
development. Therefore, no demand was included in the future demand projections
for these parcels.
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•

Future domestic use was included for seven small water systems within the City that
currently use wells to meet all existing demands. These include Tierra Buena
MHP #1, Calvary Christian Center, Grace Baptist Church, Wildwood East Mutual
Water Company, Ranch House Restaurant & Bar, Blue Angel Apartments Water
System and Sikh Temple Gurdwara. While it is unknown whether these systems will
connect to the City system, they were included in the analysis to provide adequate
infrastructure planning. To estimate demands for each of these properties, unit water
use factors were calculated for other users with the same land use types, using the
2013 billing data for December, January and February to estimate domestic demands,
since irrigation would be minimal during these months.

•

The City identified other small parcels that currently use private wells to meet all
existing demands and may be served by the City in the future. These were also
assumed to be served domestic water in the future.

•

Per capita use for initial projections was computed at 215 gpcd, slightly lower than
the 2013 per capita use of 220 gpcd. Demands were adjusted to match the SB X7-7
water use target of 192 gpcd by scaling demands. Demands were scaled for different
customer classes based on reductions in water use from 2013 to 2014, when water use
was reduced by about 11 percent overall. This analysis showed that industrial
demands actually increased, while residential and commercial users had similar
reductions ranging from 16 to 19 percent, and irrigation accounts were about
30 percent lower. Based on this analysis, to achieve a 11 percent overall reduction,
residential and commercial users were decreased by 10 percent, landscape irrigation
by 25 percent, domestic users by 5 percent, and industrial use was not adjusted.

3.4.3.2 Unit Water Use Factors

To develop unit water use factors, West Yost used the following data received from City staff:
•

2013 water meter records with account numbers;

•

Parcel data file in GIS format with Assessor’s Parcel Numbers (APNs);

•

A file that linked water meter account records with APNs, referred to as the
Pentamation file; and

•

City General Plan land use mapping in GIS format.

The City’s General Plan land use designations were assigned to the parcel file using GIS tools to
determine the land uses for all parcels within the City’s service area.
The water meter records were linked to the parcels using the Pentamation file that was provided by
the City and consolidated for each parcel into one total demand. This produced spatially-located
demands with an assigned land use. This process provided the means to then calculate the water use
factor for each General Plan land use designation by using the total water use data for each land use
designation and dividing that by the corresponding acreage for each land use designation.
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Calculations using the parcel data are based on ‘net’ area, excluding roads and rights of way. Net
and gross areas within the City’s service area and SOI were calculated and used to adjust the unit
water use factors. Within the City service area, developed parcels comprise approximately
81 percent of the total area, with the remaining 19 percent representing streets and rights-of-way.
Outside the City service area, undeveloped parcels tend to be larger and are expected to be
subdivided as they are developed. The process of subdividing a parcel typically results in portions
of a parcel to be set aside for streets and rights-of-way. Outside the City service area, prior to
subdividing parcels, streets and rights-of-way currently represent approximately 10 percent of the
total area. However, when developed, the streets and rights-of-way are expected to be 19 percent,
the same as within the City service area. To account for the difference in expected developed area,
unit water use factors calculated from the billing data that was located within the City limits were
converted from net unit use, in acre-feet/acre/year (AF/acre/yr) to gross unit use by reducing them
by 19 percent. The gross unit water use factors were applied to the areas outside the City limits but
were applied as net unit water use factors by increasing them to account for streets and
rights-of-way currently comprising 9 percent of the planning area outside the City limits. The table
below illustrates calculations with a sample parcel with a net area of 100 acres.
Example of Net and Gross Water Use Calculations

Net Area,
Acres(a)

Net Water
Use,
AF/acre/year

Gross Area,
Acres(a)

Gross Water
Use,
AF/acre/year

Total Water
Use

Within City Service Area

100

1.00

123

0.81

100

Outside of City Service
Area, Current Development

100

1.00

110

0.91

100

Outside of City Service Area
after Future Development

89

1.00

110

0.81

89

Example Parcel

(a)

Net area assumed to be 81 percent of gross area within the Service Area and 91 percent of gross area outside of Service
Area. Future development outside of the Service Area assumed to be 81 percent of gross area

Using the above methodology, unit water use factors were calculated for the 2013 meter records
by land use type. Unit water use factors were calculated by taking the total water use for each land
use designation in AF/yr and dividing that value by the total number of acres of the respective land
use. It should be noted that the calculations only include the active meters and the corresponding
parcels that have metered water use recorded for 2013.
Table 3-8 summarizes the calculated unit water use factors for each land use designation, which
were recommended for use in projecting future water demands. Unit water use factors in the table
are expressed as gross unit use factors, including roads and rights of way, since they are applied to
future areas where rights-of-way have not yet been fully designated. As an example, if a parcel has
a net area of 100 acres and a net unit use factor of 1 AF/acre/year, the total water use is 100 AF/year
(100 x 1.0). For the calculations using gross values, the gross area would be 123 acres, and the
gross unit use factor would be 0.81 AF/acre/year, resulting in a total water use of 100 AF/year
(119 x 0.81). Below are additional assumptions made for the water use calculations.
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Table 3-8. Unit Water Use Factors

General Plan Landuse
Agricultural/Rural
Business, Technology & Light Industry
Community Commercial
Neighborhood Commercial
Office & Office Park
Low Density Residential
Manufacturing, Processing & Warehousing
Manufacturing, Processing & Warehousing - Large Users
Sunsweet
Greenleaf Unit 2
Valley Fine Foods
Tony's Fine Foods
Medium/High Density Residential
Medium/Low Density Residential
Parks, Recreation & Open Space
Parks Domestic Only
Blackburn-Tally Park
Civic Center Park
Happy Park
Hillcrest Park
Northridge Park
Regency Park
Sam Brannan Park
Public & Semi-Public
Public Schools Domestic Only
Riverbend Elementary
River Valley High School
Yuba City High School
Regional Commercial

Net Area,
acres(a)
6
166
165
30
132
3,046
149

Gross Area,
(b)
acres
8
205
204
37
163
3,760
184

Existing Water
(c)
Use, AF/yr
0
151
518
106
435
9,340
95

Unit Use Factor
(d)
AF/acre/yr
0.00
0.74
2.54
2.88
2.66
2.48
0.52

50
10
4
2
222
319
44
55
13
9
7
7
4
6
9
190
120
36
48
36
291

62
12
5
2
275
394
54
68
16
11
8
8
6
8
11
234
148
44
59
45
360

1,437
488
98
50
1,224
1,096
216
61
5
3
30
20
0
3
0
236
50
4
6
40
634

23.05
39.11
18.63
19.93
4.46
2.78
3.97
0.91
0.33
0.30
3.58
2.38
0.00
0.35
0.03
1.01
0.34
0.10
0.10
0.90
1.76

Existing Domestic Domestic Unit Use
(e)
(e)
Use, AF/yr
Factor AF/acre/yr
78
0.38
398
1.95
69
1.86
258
1.58
5,143
1.37
64
0.35
1,232
351
95
45
879
772
1
0
1
0
0
0
0
0
4
4
25
444

19.76
28.15
18.05
18.03
3.20
1.96
0.01
0.00
0.05
0.00
0.00
0.00
0.00
0.01
0.09
0.07
0.55
1.24

(a) Net area does not include street rights-of-way. Net area is equal to 81 percent of the gross area.
(b) Gross area includes street rights-of-way. Gross area is equal to the net area divided by 81 percent.
(c ) Demands are based on 2013 metered account data; only accounts associated with APN numbers are included. All demands were increased by 7 percent to account for non-revenue water.
(d) Unit water use factors are calculated as the gross demand per acre, including street rights-of-way. (Unit Use Factor) = (Existing Water Use)/(Gross Area).
(e) Winter water use (December-February) was projected for the entire year to estimate domestic (indoor) water use. Demands are based on 2013 metered account data; only accounts associated with APN
numbers are included. All demands were increased by 7 percent to account for non-revenue water.
(f) Winter water use (December-February) was projected for the entire year to estimate domestic (indoor) water use. Domestic Unit water use factors are calculated as the gross demand per acre, including street
rights-of-way. (Domestic Unit Use Factor) = (Existing Domestic Water Use)/(Gross Area).
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•

Manufacturing, Processing & Warehousing Land Use: The City has several large
food processing businesses that are parcels with this land use designation. These
businesses have water demands that are higher than the demands for others parcels
with this land use designation. Including the food processing businesses when
calculating unit water use factors may lead to factors that are not representative of
typical parcels with this land use. Therefore, the data for Sunsweet, Valley Fine
Foods, Tony’s Fine Foods and Greenleaf Unit 2 were removed from the unit water
use factor calculation.

•

Parks, Recreation and Open Space: According to the City, several parks have
non-potable irrigation wells, including Blackburn-Tally Park, Hillcrest Park, Gauche
Aquatics Park, Sam Brannan Park, Northridge Park, Regency Park, Civic Center Park
and Happy Park.4 These parks were used to develop a unit water use factor for
domestic use only. Gauche Aquatics Park was not included in this calculation because
the demands for this park were significantly higher than the demand for the other
seven parks and would skew the calculation.

•

The City has indicated that in the future, any new parks smaller than 0.5 acres would
use City water for both domestic and irrigation demands, while new parks larger than
0.5 acres would use City water only for domestic demands. It is assumed that the
larger parks will have an on-site non-potable well to supply irrigation demands.

•

Public & Semi-Public: This land use designation includes public schools. There are
three schools within the City that currently meet their irrigation demands with an
on-site non-potable well. These schools include Riverbend Elementary, River Valley
High School and Yuba City High School. A unit water use factor was calculated for
these three schools to estimate water use for future schools, where it is assumed that
an on-site non-potable well will supply irrigation demands.

•

Developed Properties – Domestic Use Only: For already developed properties
where future use will be domestic only, separate unit water use factors were
developed for the different land use types based on December through February
consumption data, when outdoor use would be minimal.

3.4.3.3 Water Demand Projections

Table 3-9 presents the projected water demand and required water production at buildout for the
City’s SOI plus the BSMP area. The land use-based water demand projection is 10,200 MG/yr
(31,400 AFY) within the SOI, and 10,700 MG/year (32,900 AFY) including the BSMP area. These
projections equate to an average daily demand of 28.0 mgd within the SOI and 29.3 mgd including
the BSMP area.

4

A new irrigation well has been installed in Happy Park, and it no longer receives irrigation water from the distribution
system.
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Table 3-9. Buildout Water Demand (a)
General Plan Landuse
Existing Water Service Area
Future Demand for Existing Water Service Area (c)
Undeveloped Land Inside Water Service Area
Agricultural/Rural
Business, Technology & Light Industry
Community Commercial
Neighborhood Commercial
Office & Office Park
Low Density Residential
Manufacturing, Processing & Warehousing
Medium/High Density Residential
Medium/Low Density Residential
Parks, Recreation & Open Space
Parks Domestic Only
Public & Semi-Public
Public Schools Domestic Only(d)
Regional Commercial

Area, Acre

0
201
48
16
119
1,175
82
94
150
0
354
64
55
95

Subtotal
Currently Developed Land Assumed to Receive City Water for Domestic Use
Agricultural/Rural
0
Business, Technology & Light Industry
65
Community Commercial
1
Neighborhood Commercial
6
Office & Office Park
4
Low Density Residential
182
Manufacturing, Processing & Warehousing
20
Medium/High Density Residential
3
Medium/Low Density Residential
37
Parks, Recreation & Open Space
0
Parks Domestic Only
0
Public & Semi-Public
0
0
Public Schools Domestic Only (d)
Regional Commercial
3
Low Density Residential Full Demand
12
Neighborhood Commercial Full Demand
2
Community Commercial Full Demand
0
Subtotal
Undeveloped Land Outside Water Service Area, Inside Sphere of Influence
Agricultural/Rural
1
Business, Technology & Light Industry
80
Community Commercial
76
Neighborhood Commercial
22
Office & Office Park
44
Low Density Residential
2,538
Manufacturing, Processing & Warehousing
12
Medium/High Density Residential
119
Medium/Low Density Residential
401
Parks, Recreation & Open Space
0
Parks Domestic Only
497
Public & Semi-Public
102
112
Public Schools Domestic Only (d)
Regional Commercial
54
Subtotal
Future Large Industrial User
Manufacturing, Processing & Warehousing - New Large User
142
Total Buildout Demand Inside Sphere of Influence
Undeveloped Land Outside Sphere of Influence (Bogue Stewart Master Plan)
Agricultural/Rural
0
Business, Technology & Light Industry
59
Community Commercial
35
Neighborhood Commercial
8
Office & Office Park
8
Low Density Residential
384
Manufacturing, Processing & Warehousing
0
Medium/High Density Residential
30
Medium/Low Density Residential
63
Parks, Recreation & Open Space
9
Parks Domestic Only
17
Public & Semi-Public
5
23
Public Schools Domestic Only (d)
Regional Commercial
0
Subtotal
Buildout Total Demand
Buildout Total Demand (Low Estimate for Sensitivity Analysis)(f)
Buildout Total Demand (High Estimate for Sensitivity Analysis)(f)

Gross AF/acre/yr Net AF/acre/yr(b)

Demand, AF/yr

Demand, MG/yr

Demand, mgd

14,936

4,866

13.3

0.00
0.74
2.29
2.59
2.39
2.24
0.52
4.01
2.50
2.98
0.77
0.91
0.32
1.59

0.00
0.91
2.82
3.20
2.96
2.76
0.64
4.95
3.09
3.68
0.95
1.12
0.40
1.96

0
183
136
51
350
3,241
52
463
465
1
337
72
22
187
5,561

0
60
44
17
114
1,056
17
151
151
0
110
24
7
61
1,812

0.0
0.2
0.1
0.0
0.3
2.9
0.0
0.4
0.4
0.0
0.3
0.1
0.0
0.2
5.0

0.00
0.38
1.85
1.77
1.50
1.30
0.35
3.04
1.86
2.56
0.01
0.44
0.21
1.17
2.24
2.59
2.29

0.00
0.47
2.29
2.18
1.85
1.60
0.43
3.75
2.30
3.16
0.01
0.54
0.26
1.45
2.76
3.20
2.82

0
31
2
13
8
291
9
11
84
0
0
0
0
4
33
6
1
494

0
10
1
4
3
95
3
4
27
0
0
0
0
1
11
2
0
161

0.0
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.4

0.00
0.74
2.29
2.59
2.39
2.24
0.52
4.01
2.50
2.98
0.77
0.91
0.32
1.59

0.00
0.81
2.51
2.85
2.63
2.46
0.57
4.41
2.75
3.28
0.85
1.00
0.36
1.74

0
65
192
63
116
6,233
7
525
1,103
0
421
102
40
95
8,962

0
21
63
21
38
2,031
2
171
359
0
137
33
13
31
2,920

0.0
0.1
0.2
0.1
0.1
5.6
0.0
0.5
1.0
0.0
0.4
0.1
0.0
0.1
8.0

1,437
31,390

468
10,228

1.3
28.0

0
48
89
22
22
943
0
131
174
30
14
5
8
0
1,485
32,874

0
15
29
7
7
307
0
43
57
10
5
2
3
0
484
10,711

0.0
0.0
0.1
0.0
0.0
0.8
0.0
0.1
0.2
0.0
0.0
0.0
0.0
0.0
1.3
29.3

28,251
34,529

9,205
11,250

25.2
30.8

0.00
0.74
2.29
2.59
2.39
2.24
0.52
4.01
2.50
2.98
0.77
0.91
0.32
1.59

0.00
0.81
2.51
2.85
2.63
2.46
0.57
4.41
2.75
3.28
0.85
1.00
0.36
1.74

(a) The parcels assigned demand in the future are only parcels with no 2013 Pentamation account demands. Parcels that are owned by the same customer that are near other parcels
served by the City are considered to be served by the City and have been removed based on review of maps by City staff.
(b) Net calculations exclude public rights-of-way and roads. Net calculation is gross area/0.91 for future parcels inside the service area and gross/0.81 for future parcels outside the service area.
(c ) Based on 2013 water demand, adjusted downward to match the City's 192 gallons per capita per day water use target established for SB x7-7 compliance.
(d) All schools in the future are assumed to have domestic demands only.
(e) Potential industrial site along Garden Highway with assumed demand equal to Sunsweet.
(f) The low estimate is 90 percent of the estimated demand, and the high estimate is 110 percent of the estimated demand inside the sphere of influence.
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3.4.4 Demand Projection Bracketing for Sensitivity Analysis

The demand projections presented in Table 3-9 are based on the 2013 water billing data and the
General Plan land use designations, as adjusted based on SB X7-7 per capita water use of 192 gpcd.
These demands will be used to analyze required WTP firm capacity and evaluate the buildout
water distribution system and to develop recommended capital improvements.
Demands in the future may be different than the demand projections developed for this master
plan. Therefore, a range of demand projections was developed to perform a sensitivity analysis on
infrastructure sizing, shown at the bottom of Table 3-9. A high projection was developed, using
the calculated unit water use factors before adjustment, with a corresponding per capita use of
215 gpcd. A low projection was developed, reducing demands by 10 percent, corresponding to a
per capita use of 173 gpcd. This lower projection reflects implementation of new conservation
regulations based on Executive Order, the details of which are still being developed by DWR. This
range of demands will be used to perform a sensitivity analysis for the recommended
improvements for this WTP and Distribution System Master Plan to determine how much the CIP
may be affected by changes in the demands.
Figure 3-10 shows the change in annual water use projections using the 1 percent and 2.4 growth
rates. The blue line shows historical trends. The solid green and solid orange lines show the
demand projections, based on the SB x-7-7 per capita water use. Dashed lines show the effects of
the demand bracketing, with the high demand based on 215 gpcd and the low demand based on
173 gpcd. These different growth projections will be used to analyze the potential range of timing
for new improvements, and to identify triggers for new improvements based on demand thresholds.
3.4.5 Near-Term Demand Projections

To prioritize the capital improvement program for the distribution system and identify those that
would likely need to be built sooner, the City requested that a near-term scenario be developed.
The City provided specific development areas that are expected to be developed within the next 5
to 10 years. These development areas, shown on Figure 3-11 include:
•

The El Margarita Master Plan between George Washington Boulevard and the east
edge of the plan area;

•

The eastern portion of the Lincoln East Specific Plan in areas adjacent to existing
City infrastructure;

•

Sutter Heritage Master Plan (east side of Walton Avenue north of Smith Road);

•

Walnut Park West (located south of Jefferson and north of Monroe Drive between
Township Road and Van Vleck Street/Wallace Way); and

•

The BSMP area.

Projected future demands for these five areas were added to the 2013 demands used for the existing
system analysis to create a set of demands to be used for a near-term analysis. The City water
demands, used for the near-term service area water system analysis, are summarized in Table 3-10.
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Figure 3-10. Annual Water Use Projections for Sensitivity Analysis
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Table 3-10. Near-Term Water Demand(a)
General Plan Landuse
Existing Water Service Area
Future Demand for Existing Water Service Area (c)
Undeveloped Land Inside Water Service Area
Agricultural/Rural
Business, Technology & Light Industry
Community Commercial
Neighborhood Commercial
Office & Office Park
Low Density Residential
Manufacturing, Processing & Warehousing
Medium/High Density Residential
Medium/Low Density Residential
Parks, Recreation & Open Space
Parks Domestic Only
Public & Semi-Public
Public Schools Domestic Only (d)
Regional Commercial

Area, Acre

0
0
0
3
0
273
0
24
48
0
15
0
14
0

Subtotal
Currently Developed Land Assumed to Receive City Water for Domestic Use
Agricultural/Rural
0
Business, Technology & Light Industry
0
Community Commercial
0
Neighborhood Commercial
0
Office & Office Park
4
Low Density Residential
11
Manufacturing, Processing & Warehousing
15
Medium/High Density Residential
1
Medium/Low Density Residential
26
Parks, Recreation & Open Space
0
Parks Domestic Only
0
Public & Semi-Public
0
0
Public Schools Domestic Only (d)
Regional Commercial
0
Low Density Residential Full Demand
0
Neighborhood Commercial Full Demand
0
Community Commercial Full Demand
0
Subtotal
Undeveloped Land Outside Water Service Area, Inside Sphere of Influence
Agricultural/Rural
0
Business, Technology & Light Industry
0
Community Commercial
14
Neighborhood Commercial
6
Office & Office Park
0
Low Density Residential
204
Manufacturing, Processing & Warehousing
0
Medium/High Density Residential
8
Medium/Low Density Residential
33
Parks, Recreation & Open Space
0
Parks Domestic Only
0
Public & Semi-Public
0
16
Public Schools Domestic Only (d)
Regional Commercial
0
Subtotal
Future Large Industrial User
Manufacturing, Processing & Warehousing - New Large User
0
Total Buildout Demand Inside Sphere of Influence
Undeveloped Land Outside Sphere of Influence (Bogue Stewart Master Plan)
Agricultural/Rural
0
Business, Technology & Light Industry
59
Community Commercial
35
Neighborhood Commercial
8
Office & Office Park
8
Low Density Residential
384
Manufacturing, Processing & Warehousing
0
Medium/High Density Residential
30
Medium/Low Density Residential
63
Parks, Recreation & Open Space
9
Parks Domestic Only
17
Public & Semi-Public
5
23
Public Schools Domestic Only (d)
Regional Commercial
0
Subtotal
Near-Term Total Demand

Gross AF/acre/yr Net AF/acre/yr(b)

Demand, AF/yr

Demand, MG/yr

Demand, mgd

14,936

4,866

13.3

0.00
0.74
2.29
2.59
2.39
2.24
0.52
4.01
2.50
2.98
0.77
0.91
0.32
1.59

0.00
0.91
2.82
3.20
2.96
2.76
0.64
4.95
3.09
3.68
0.95
1.12
0.40
1.96

0
0
0
9
0
752
0
119
148
0
14
0
6
0
1,049

0
0
0
3
0
245
0
39
48
0
5
0
2
0
342

0.0
0.0
0.0
0.0
0.0
0.7
0.0
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.9

0.00
0.38
1.85
1.77
1.50
1.30
0.35
3.04
1.86
2.56
0.01
0.44
0.21
1.17
2.24
2.59
2.29

0.00
0.47
2.29
2.18
1.85
1.60
0.43
3.75
2.30
3.16
0.01
0.54
0.26
1.45
2.76
3.20
2.82

0
0
0
0
8
18
7
2
59
0
0
0
0
0
0
0
0
94

0
0
0
0
3
6
2
1
19
0
0
0
0
0
0
0
0
31

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1

0.00
0.74
2.29
2.59
2.39
2.24
0.52
4.01
2.50
2.98
0.77
0.91
0.32
1.59

0.00
0.81
2.51
2.85
2.63
2.46
0.57
4.41
2.75
3.28
0.85
1.00
0.36
1.74

0
0
35
16
0
502
0
33
91
0
0
0
6
0
683

0
0
11
5
0
164
0
11
30
0
0
0
2
0
223

0.0
0.0
0.0
0.0
0.0
0.4
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.6

0
16,761

0
5,461

0.0
15.0

0
48
89
22
22
943
0
131
174
30
14
5
8
0
1,485
18,246

0
15
29
7
7
307
0
43
57
10
5
2
3
0
484
5,945

0.0
0.0
0.1
0.0
0.0
0.8
0.0
0.1
0.2
0.0
0.0
0.0
0.0
0.0
1.3
16.3

0.00
0.74
2.29
2.59
2.39
2.24
0.52
4.01
2.50
2.98
0.77
0.91
0.32
1.59

0.00
0.81
2.51
2.85
2.63
2.46
0.57
4.41
2.75
3.28
0.85
1.00
0.36
1.74

(a)

The parcels assigned demand in the future are only parcels with no 2013 Pentamation account demands. Parcels that are owned by the same customer that are near other parcels served by the City are
considered to be served by the City and have been removed based on review of maps by City staff.
Net calculations exclude public rights-of-way and roads. Net calculation is gross area/0.91 for future parcels inside the service area and gross/0.81 for future parcels outside the service area.
(c)
Based on 2013 water demand, adjusted downward to match the City's 192 gallons per capita per day water use target established for SB x7-7 compliance.
(d)
All schools in the future are assumed to have domestic demands only.
(e)
Potential industrial site along Garden Highway with assumed demand equal to Sunsweet.
(f)
The low estimate is 90 percent of the estimated demand, and the high estimate is 110 percent of the estimated demand.
(b)
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3.4.6 Summary of Water Demands

Table 3-11 summarizes the water demands used for the WTP and Distribution System Master Plan.
Table 3-11. Summary of Water Demands

Scenario
Existing(a)
Near-term(b)

Average Day
Demand, mgd

Maximum Day
Demand, mgd

Peak Hour
Demand, mgd

15.3

24.5

35.3

16.3

28.5

41.1

Plan(b)

28.0

49.0

71.6

Low Estimate –

Sensitivity(b) (c)

25.2

44.1

63.5

High Estimate –

Sensitivity(b) (c)

30.8

53.9

77.6

Buildout of General

Buildout + Bogue

Stewart(b)

29.3

51.5

74.1

(b) (d)

26.4

46.1

66.5

Sensitivity(b) (d)

32.2

56.4

81.2

Low Estimate – Sensitivity
High Estimate –
(a)

(b)
(c)
(d)

Average day and MDD based on actual use in 2013. Peak hour demand estimated from June 22, 2017 operating data, when
the peak hour demand was 1.44 times the average daily demand.
Maximum day demand based on 1.75 times average day demand. Peak hour demand based on 1.44 times MDD.
Sensitivity based on Buildout of General Plan plus or minus 10 percent.
Sensitivity based on Buildout of General Plan and Bogue Stewart plus or minus 10 percent.
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This chapter describes the City’s existing water supplies and provides a comparison of supply and
demand based on water demand projections developed in Chapter 3. Supply information was
obtained through the review of previous reports, contracts, operating records, and other available
data provided to West Yost by the City. The following sections of this chapter describe the City’s
water supplies:
•

Existing Water Supplies

•

Water Supply Reliability

•

Comparison of Supply and Demand

•

City Water Shortage Plans and Ordinances

•

Supply Summary and Recommendations

4.1 EXISTING WATER SUPPLIES

The City’s primary source of supply is surface water. The City used groundwater from the Hillcrest
system wells through 2010, and more recently has used groundwater from a well installed at the
YCWTP. Table 4-1 summarizes historical water supplies by source, including the City’s two
surface water appropriative water rights, two contracts and groundwater.
Table 4-1. Existing Supplies, AF/year
Source
Surface Water

2009

2010

2011

2012

2013

2014

2015

2016

License 13855

3,700

1,824

1,813

6,500

5,659

3,534

1,393

2,855

Permit 18558

6,400

8,847

9,000

5,068

4,333

614

3,738

6,244

SWP Contract

2,115

2,331

2,297

2,694

4,850

4,621

3,004

1,229

North Yuba Contract
Subtotal

3,362

2,635

2,688

2,703

3,335

4,500

4,500

3,028

15,576

15,638

15,798

16,965

18,178

13,269

12,635

13,356

1,714

898

-

-

-

2,071

1,134

414

17,289

17,289

15,798

16,965

18,178

15,340

13,769

13,770

Groundwater
Groundwater
Total

Source: Water Supply – 2009 – Present.xls, provided by City.
Groundwater production in 2009 and 2010 is from wells in the former Hillcrest system prior to conversion to surface water.
Groundwater production in 2014 through 2016 is from the well at the YCWTP to augment surface water supply.
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4.1.1 Surface Water

The City’s existing surface water sources include two appropriative water rights regulated by the
State Water Resources Control Board (SWRCB) and two surface water supply contracts as follows:
•

SWRCB License 13855

•

SWRCB Permit 18558

•

NYWD Contract

•

California DWR SWP Contract

These entitlements enable diversion of water from the Feather River at a single point of diversion
located approximately 2.4 miles upstream from the confluence of the Feather and Yuba Rivers.
The flow in the river at the City’s intake is controlled by SWP operations at Lake Oroville. Water
is treated at the YCWTP.
The appropriative rights and water supply contracts are summarized below.
4.1.1.1 Appropriative Water Rights

Appropriative water rights are administered by the SWRCB, Division of Water Rights.
Appropriative water rights have an assigned priority date, based on when the water right was
initially applied for, an instantaneous diversion rate and maximum annual appropriation amount.
Water users with the earliest appropriation dates have higher priority to use water. Water users
with a later date, or lower priority, can use water as long as they do not infringe on the rights of
earlier users. In drier years, when there is insufficient flow to satisfy all water rights holders and
instream needs, water use is curtailed based on priority.
After an applicant files an application for an appropriative right, the SWRCB issues a permit after
reviews are completed, water is determined to be available for appropriation and the appropriation
is determined to be in the public interest. If rights are for a specific project, project construction must
begin within two years of issuance of the permit. Once terms of the permit have been met, and the
project has been completed, a license is issued, based on the largest quantity of water that has been
put to beneficial use under the permit. The license is the final confirmation of the water right and
remains in effect as long as the license conditions are fulfilled by the holder (SWRCB, 2017).
License 13855. This license, issued in 2012, allows the City to divert up to 15.6 cubic
feet per second (cfs) (928 AF in a 30-day month) from the Feather River from January 1
to July 1 and from September 1 to December 31 of each year. The appropriative water
right has a priority date of March 5, 1958. The maximum annual diversion amount under
the license is 6,500 AF/year.
Water deliveries were curtailed under this appropriative right in 1977 and in 1992, when
no diversions were allowed in June, and during the recent drought, when no diversions
were allowed in September and October 2014, and May, June, September and October
2015 (Carollo, 2016).
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Permit 18558. This permit allows the City to divert up to 21 cfs (1250 AF in a 30-day
month) from the Feather River from January 1 to June 30 and from October 1 to
December 31 of each year. The application date was May 31, 1978. The maximum
annual diversion amount under the permit is 9,000 AF/year. Water was first taken under
this permit in 2000. The City has until 2025 to demonstrate beneficial use of the water
under this permit.
This permit has a lower priority and more restrictions than License 13855. The permit is
subject to Term 91 curtailments. Term 91 is invoked when natural flows to the Delta are
insufficient to meet water quality standards and storage releases are made from SWP and
Central Valley Project reservoirs to meet water quality objectives. Downstream diverters
with junior rights that include Term 91 provisions are prohibited from diverting flow
under these conditions.
During normal years, diversions are allowed through June. During below normal years,
diversions are curtailed by mid-May. Water use was curtailed in September through
November 2014, April through June and October through December of 2015, and June
and early October of 2016.
There is no cost for water taken under the City’s appropriative water rights License 13855 or
Permit 18558.
4.1.1.2 Water Supply Contracts

The City has water supply contracts with NYWD and the California Department of Resources, for
purchase of SWP supply. Each are summarized below.
NYWD Contract. This contract, executed in 1965, provides up to 4,500 AF/year to the City from
NYWD’s appropriative water right Permit 11518. Contract deliveries are subject to the maximum
monthly amounts shown in Table 4-2. This contract is used to provide a summer supply, since the City’s
appropriative water rights do not allow summertime diversion. The contract term is through 2035.
Table 4-2. North Yuba Monthly Contract Amounts
Month

Maximum Amount, AF

April

181

May

492

June

893

July

922

August

922

September

714

October

376
Total

4,500
Source: Agreement between NYWD and City.
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Supply under this contract has never been curtailed.
The contract price for this water was established at $70/AF in 2012, with an annual adjustment
based on the prior year’s December Consumer Price Index (CPI), compared with the CPI for
December 2012. Based on this formula, the 2017 rate is approximately $74/AF.1 The City pays for
the full contract amount regardless of quantity taken, unless water can be transferred to another
purchaser (NYWD, 2010). For delivery years 2009 through 2015, the cost of water based on actual
delivered amount ranged from $74/AF to $144/AF, using the 2017 unit price.
SWP Contract. This contract, executed in 1963, provides up to 9,600 AF/year, termed the Table A
amount, so named for the table in the contract that specifies the maximum allocation. Water can
be used in any month, with a maximum delivery rate of up to 60 cfs. However, the City primarily
uses this contract to supplement NYWD supply during summer months. The contract term is
through 2038. The City also takes advantage of surplus SWP programs, when available, to
augment its water supply, purchasing from the Turnback Pool, Dry Year Water Purchase Program
and Article 21 Surplus Water.
Allocations have been reduced in most years. In 1990 and 1991, allocations were 20 percent. In
2014, the allocation was 5 percent and in 2015, 25 percent of the maximum contract amount. In
drier years, the City has taken Table A deliveries and has used carryover water, which is Table A
water that was allocated in prior years but not used. Although carryover water can be banked for
many years, carryover water that has been banked is lost when San Luis Reservoir spills. Table 4-3
summarizes SWP Table A allocations and deliveries since 2009.
Table 4-3. State Water Project Deliveries, 2009 through 2016
Deliveries, AF
Year

Table Allocation,
Percent and AF

Table A

Article 21

Carryover
Water Used

Total

2009

40% (3,840)

2,115

0

0

2,115

2010

50% (4,800)

2,331

0

0

2,331

2011

80% (7,680)

2,297

0

0

2,297

2012

65% (6,240)

2,694

0

0

2,694

2013

35% (3,360)

3,359

0

1,491

4,850

2014

5% (480)

480

0

4,141

4,636

2015

25% (2,400)

2,400

0

604

3,004

2016

75% (7,200)

1,229

0

0

1,229

Source: Water Supply – 2009 – Present.xls.

1

The contract uses the San Francisco Area CPI for adjustment. These calculations are based on the national CPI.
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In December 2013, the City entered into an Area of Origin Settlement Agreement (Settlement
Agreement) with DWR, which settled contested issues related to the area of origin statutes in the
California Water Code, which were enacted to provide priority to water rights areas of origin, from
which water is exported, and provide adequate water supplies for existing and future needs. The
agreement was incorporated into the City’s SWP contract as Amendment No. 9. Under the
Settlement Agreement, DWR must separately calculate a North of Delta Table A allocation, which
only considers system-wide impacts on water availability, not Delta export restrictions that affect
only south of Delta contractors. Even with this contract amendment, project deliveries in extreme
dry years, such as 2014 and 2015, will likely be very low.
DWR publishes a biennial SWP Delivery Capacity Report, summarizing historical deliveries, and
estimating the long-term yield of the SWP. Although the SWP was originally planned to have a
long-term yield of just under 4.2 million acre-feet (MAF), not all planned facilities were completed.
Further, increasingly stringent regulatory requirements to protect special status species in the
Sacramento-San Joaquin Delta have also impacted the project’s estimated long-term yield. The most
recent Delivery Capacity Report, prepared in 2015, estimates future project yields for a variety of
scenarios, including current facilities and regulations, potential additional regulations that restrict
Delta exports, potential climate change and sea-level rise scenarios and additional future facilities.
Long-term yields for these scenarios range from just under 1.8 MAF to 2.9 MAF (DWR, 2015).
As a result, reduced allocations can continue to be expected in most years.
SWP annual payment costs are computed based on the cost to construct and operate the SWP
facilities (Delta Conveyance Charge), plus a transportation charge for SWP contractors who receive
water via conveyance facilities. Water costs are based on the computed charge per acre-foot
multiplied by a contractor’s Table A amount. The City pays only the Delta Conveyance Charge,
which for 2017 was $68.88/AF for the City’s Table A entitlement (DWR, 2016). Based on actual
delivery quantities from 2009 through 2015, unit costs ranged from $156/AF to $312/AF, based on
2017 unit water costs.
As a SWP Contractor, the City is also eligible to participate in DWR’s Dry-Year Purchase Program,
which makes up to 140,000 acre-feet of water available to SWP Contractors from the Yuba County
Water Agency, pursuant to the Yuba Accord. Water is equally shared between the San Luis and
Delta Mendota Water Authority and the SWP Contractors. Participating SWP Contractors may
purchase water in proportion to their SWP Contract Table A amounts. The City’s current purchase
agreement with DWR allows for dry-year purchases at $350/acre-foot (Carollo, 2016).
4.1.2 Groundwater

Prior to 1969, the City’s water supply was local groundwater. The water was hard and contained
high levels of sulfides, iron, and manganese. In 1965, the citizens passed a bond issue, 91 percent
in favor, to construct the YCWTP, which was placed online in 1969.
In 2001, the City acquired HWC, with 13 active groundwater wells. The groundwater quality was
relatively hard, and required treatment for iron and manganese. The City provided groundwater from
some of the HWC wells to customers through September 2010. All the HWC wells are now inactive.
As discussed in Chapter 8 of this WTP and Distribution System Master Plan, the City plans to retain
Wells 5, 8 and 9 for emergency use, and abandon the remaining wells in the former HWC system.
4-5
January 2019
w\c\285\12-17-12\wp\mp\052617_Ch4

City of Yuba City
Water Treatment Plant and
Distribution System Master Plan

Chapter 4
Water Supplies
The City currently maintains one backup/standby groundwater well at the YCWTP, which has a
capacity of approximately 1,400 gpm (2.0 mgd). In the event of a significant water shortage, water
from this well can be used to provide supplemental source water to the YCWTP. The City was
required to reduce river diversions in 2014 and began operating the backup/standby groundwater
well continuously in July 2014. Operation of this well ceased on January 6, 2015 (West Yost
Associates, 2016). When the well is used, well water is blended with raw water and treated at the
YCWTP prior to delivery to the distribution system.
The City is considering implementing an aquifer storage and recovery (ASR) program to recharge
available surface water to the groundwater basin during wetter, lower demand months, and extract
recharged water in drier, higher demand months. ASR appears to be feasible based on a
preliminary assessment (Carollo, 2010). However, additional studies are needed to fully evaluate
the feasibility of ASR. As a possible next step, the City may consider implementation of an ASR
demonstration project at the YCWTP.
In 2016, the City initiated site-specific efforts at the YCWTP to further characterize the aquifer
system and define baseline groundwater level and quality conditions. This work included
continuously coring through the aquifer to establish a detailed record of the geologic strata and
aquifer minerals and constructing three multiple-completion groundwater monitoring wells to
assess baseline groundwater levels, flow gradients and groundwater quality at the YCWTP site
(West Yost, 2016). This new monitoring network and the data collected to date provide the City
with a strong foundation for continuing the assessment of ASR using the YCWTP site as a
demonstration project.
It may be feasible to use the existing municipal well at the YCWTP for ASR demonstration testing.
Alternatively, a new municipal well could be designed and constructed the YCWTP. The well
could be designed for dual purposes, i.e., providing supplemental water to the YCWTP and
conducting ASR demonstration testing.
The major components of a demonstration project at the YCWTP site are continued baseline
monitoring, further technical analysis and planning, California Environmental Quality Act
(CEQA) compliance, and permitting.
Baseline Monitoring. The City is currently conducting baseline groundwater level monitoring
using dedicated pressure transducer/data logger assemblies deployed in the multiple completion
monitoring wells at the YCWTP. These monitoring wells also give the City the ability to collect
additional baseline groundwater quality samples when needed.
Additional Technical Analysis. Additional technical analysis could potentially include:
•

Further geochemical analysis and equilibrium modeling to assess the potential
geochemical reactions between aquifer minerals, native groundwater and treated
surface water, which could cause naturally-occurring constituents in the aquifer to
exceed drinking water standards or cause ASR well plugging.

•

Preliminary groundwater modeling to assess the area of hydraulic influence, potential
effects of the ASR demonstration project on the aquifer and existing wells in the
vicinity, and the effects of existing wells on the ASR demonstration project.
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Planning. Planning to support an ASR demonstration project would include preparation of an
ASR demonstration project work plan including the following elements:
•

ASR demonstration project description and background

•

Physical setting

•

Documentation of the monitoring network and groundwater level and quality trends

•

Estimate of the volumes and timing of water to be recharged and recovered

•

Area of anticipated hydraulic influence

•

Demonstration testing work plan

•

Reporting requirements

•

Schedule

The ASR demonstration project work plan would build on the City’s technical studies, guide the
City’s efforts during demonstration testing and fulfill important requirements for demonstration
test permitting with the Central Valley Regional Water Quality Control Board (Regional Board).
CEQA Compliance. Compliance with CEQA is required to attain permit coverage from the
Regional Board to conduct ASR demonstration testing. CEQA compliance may be possible
through filing of a categorical exemption for data collection, or through preparation of an Initial
Study/Mitigated Negative Declaration using the information listed above as the basis.
Permitting. Using the data, information and documentation described above, the City would attain
permit coverage from the Regional Board by filing a Notice of Intent to conduct ASR
demonstration testing pursuant to the SWRCB Water Quality Order 2012-0010, General Waste
Discharge Requirements for ASR Projects that Inject Drinking Water into Groundwater.
If determined to be feasible, ASR would provide the City with more flexibility to use available
surface water supplies in the near-term.
Yuba City overlies the Sutter Subbasin (identified by the California DWR as Groundwater Basin
Number 5-21.62), which is part of the Sacramento Valley Groundwater Basin. The basin has a
surface area of 234,400 acres (366 square miles). It is bounded on the north by the confluence of
Butte Creek and the Sacramento River and Sutter Buttes, on the west by the Sacramento River, on
the south by the confluence of the Sacramento River and the Sutter Bypass, and on the east by the
River. The principal sources of groundwater recharge are stream percolation, deep percolation of
rainwater, and percolation of irrigation water (DWR, 2006).
The Sutter Subbasin is comprised of continental deposits of Quaternary (Recent) to Late Tertiary
(Miocene) age. On its eastern margin, where the City is located, deposits are typically a few
hundred feet. Historically, groundwater trends in the basin have remained relatively constant, with
most groundwater levels in the basin within 10 feet of ground surface (DWR, 2006).
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In 2012, County completed a Groundwater Management Plan for the county area, including the
Sutter Subbasin, which established a plan for monitoring and managing groundwater use within
the County. In September 2014, Governor Edmund G. Brown signed the Sustainable Groundwater
Management Act (SGMA). The act establishes a definition of sustainable groundwater
management, requires local jurisdictions to designate a Groundwater Sustainability Agency (GSA)
for implementing SGMA, requires GSA to prepare Groundwater Sustainability Plans (GSPs), and
establishes a timetable for adoption of GSPs. For the Sutter Subbasin, County is the designated
GSA. County elected to prepare an Alternative Submittal to the GSP, which is allowed when it
can be demonstrated that a basin has been managed sustainably for a period of at least 10 years.
The plan included an analysis of the basin, and formulation of sustainability goals for the Sutter
Subbasin. Yuba City was a participant in the plan, which was completed and submitted to DWR
in 2016 (DWR, 2017).
4.1.3 Summary of Water Supplies

Table 4-4 summarizes total rights for each of the supply sources available to the potable water
system. The left-hand portion of the table summarizes total rights or yields of existing supplies.
The reasonably available volume is the volume that can be anticipated in a normal hydrologic year
and is based on the total right or yield of the water rights or contracts, with the exception of the
SWP contract, in which the reasonably available volume is computed as 62 percent of the City’s
Table A allocation, based on current estimates of yield for the project. Quantities in Table 4-4
represent deliveries available in normal hydrologic years. Section 4.2 evaluates water supply
reliability for dry years.
Table 4-4. Existing Supplies, AF/year(a)
Source

Total Right or Yield

Reasonably Available Volume(b)

Surface Water
License 13855

6,500

6,500

Permit 18558

9,000

9,000

SWP Contract

9,600

5,950

North Yuba Contract

4,500

4,500

2,240

2,240

31,840

25,190 - 28,190

Groundwater
Total
(a)
(b)

Source: UWMP, Table 6-8, except well capacity, updated per current MP
Assumes full supply amounts, except SWP, which assumes average year delivery capability of 62 percent of Table A
allocation (DWR, 2016a).

4.2 WATER SUPPLY RELIABILITY

The City’s water supply reliability varies, based on its appropriative water rights and contracts.
License 13855 and Permit 18558 do not allow summertime diversion, so the City uses its NYWD
and SWP contracts to provide summertime supply. The City’s appropriative water rights have been
reduced in very dry years, such as 1977, 1991, 1992, 2014 and 2015. The NYWD contract has
never been curtailed and is considered a very reliable water source. The SWP contract is not a
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reliable supply in many years, and the City’s Table A allocation is regularly reduced, with
allocations at 5 percent in 2014 and 25 percent in 2015. This section summarizes normal year and
dry-year supply availability for existing and buildout demands, building off an analysis presented
in the City’s 2015 UWMP.
The City’s 2015 UWMP estimates dry-year supply availability, using 2010 to represent average
years, 2015 to represent a single dry year and 2013 through 2015 to represent multiple dry years.
Table 4-5 summarizes supply availability as a percentage of average year supply for these different
years, based on analysis of historical records.
Table 4-5. Supply Variability in Dry Years, AF/year

Base Year

Estimated Supply as a Percent
of Average Supply

Average Year

2010

100%

Single Dry Year

2015

51%

Multiple Dry Years - Year 1

2013

84%

Multiple Dry Years - Year 2

2014

93%

Multiple Dry Years - Year 3

2015

Year Type

51%
Source: 2015 UWMP, Table 7-1.

4.3 COMPARISON OF SUPPLY AND DEMAND

Table 4-6 compares supply and demand for an average year, a single dry year and multiple dry
years, using existing and future demands projected in the Water Master Plan. The table shows that
existing and near-term demands can be met with available supplies in normal years, and with
modest demand reductions in single or multiple dry years. By buildout, normal-year supply is
estimated to be 14 percent less than demand, and in dry years, demand reductions of up to
56 percent would be required to match available supplies, indicating that the City will need to
supplement current supplies by buildout.
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Table 4-6. Supply and Demand Comparison, AF/year(a)
Year Type

Existing

Near-term

Buildout

Normal Year
Demand Totals

17,144

18,246

32,874

Supply Totals

28,190

28,190

28,190

Difference

11,046

9,944

(4,684)

0%

0%

14%

17,144(b)

18,246

32,874

Supply Totals

14,462

14,462

14,462

Difference

(2,682)

(3,784)

(18,412)

16%

21%

56%

Demand Totals

17,144

18,246

32,874

Supply Totals

23,668

23,668

23,668

6,524

5,422

(9,206)

Percent Reduction to Meet Supply

0%

0%

28%

Demand Totals

17,144

18,246

32,874

Supply Totals

26,083

26,083

26,083

8,939

7,837

(6,791)

Percent Reduction to Meet Supply

0%

0%

21%

Demand Totals

(b)

18,246

32,874

14,462

14,462

14,462

(2,682)

(3,784)

(18,412)

16%

21%

56%

Percent Reduction to Meet Supply
Single Dry Year
Demand Totals

Percent of Demand
Multiple Dry Years

First Year

Second Year

Third Year

Difference

Difference

Supply Totals
Difference
Percent Reduction to Meet Supply

(a)
(b)

17,144

Supply totals in dry years based on percentages shown in Table 4-3.
In recent drought years, customers have reduced demand to less than available supplies so that no shortfalls have occurred.

Since the City’s appropriative water right licenses do not allow diversions in summer months, a
monthly analysis of supplies was also prepared to analyze the City’s ability to meet demands
throughout the year. Monthly demands were estimated, using the average of monthly demands for
2009 through 2015 (see Figure 3-2).
Tables 4-7 and 4-8 compare existing demands and supplies, with Table 4-7 showing supply
availability in a normal year and Table 4-8 showing supply availability in a dry year, with an
assumed dry-year demand reduction of 25 percent from normal year demands. For the analysis,
the City’s appropriative surface water supplies were used to meet demands in months when they
are available, and NYWD, SWP and groundwater water were used to meet summer month
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Table 4-7. Existing Monthly Supply and Demand Comparison, Normal Year
Demand and Supply
Demand, cfs
Supplies, cfs
License 13855(a)
Permit 18558(b)
NYWD Contract (c)
SWP (d)
Groundwater(e)
Total
Supply Shortfall
Demand, acre-feet/month
Supplies, acre-feet/month
License 13855
Permit 18558
NYWD Contract
SWP
Groundwater
Total
Supply Shortfall

Jan
14.6

Feb
15.1

Mar
17.4

Apr
21.6

May
27.7

Jun
32.5

Jul
34.7

Aug
34.0

Sep
30.5

Oct
24.0

Nov
17.3

Dec
14.1

Average
(Total)
23.6

14.6
-

14.6
0.4
-

14.6
2.7
-

14.6
7.0
-

14.6
13.1
-

14.6
17.9
-

15.0
19.7
-

15.0
19.1
-

14.6
12.0
3.9
-

6.2
17.8
-

17.3
-

14.1
-

9.0
7.5
3.5
3.6
-

14.6
-

15.1
-

17.4
-

21.6
-

27.7
-

32.5
-

34.7
-

34.0
-

30.5
-

24.0
-

17.3
-

14.1
-

23.6
-

899

836

1,067

1,286

1,703

1,936

2,135

2,093

1,816

1,473

1,030

869

17,144

899
-

812
24
-

899
168
-

870
416
-

899
804
-

870
1,066
-

922
1,213
-

922
1,171
-

870
714
232
-

380
1,093
-

1,030
-

869
-

6,500
5,469
2,558
2,616
-

899
-

836
-

1,067
-

1,286
-

1,703
-

1,936
-

2,135
-

2,093
-

1,816
-

1,473
-

1,030
-

869
-

17,144
-

(a) Maximum diversion rate is 15.6 cfs (928 acre-feet in a 30-day month)
(b) Maximum diversion rate is 21 cfs (1,250 acre-feet in a 30-day month)
(c) Maximum diversion schedule is: Apr - 181 AF; May - 492 AF; Jun - 893 AF; Jul - 922 AF; Aug - 922 AF; Sep - 714 AF; Oct - 376 AF
(d) Maximum diversion rate is 60 cfs (3,571 acre-feet in a 30-day month)
(e) Maximum well capacity is 3.1 cfs (184 acre-feet in a 30-day month)
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Table 4-8. Existing Monthly Supply and Demand Comparison, Dry-Year
Demand and Supply
Demand, cfs
Supplies, cfs
License 13855 (a)
Permit 18558 (b)
NYWD Contract (c)
SWP (d)
Groundwater (e)
Total
Supply Shortfall
Demand, acre-feet/month
Supplies, acre-feet/month
License 13855
Permit 18558
NYWD Contract
SWP
Groundwater
Total
Supply Shortfall

May
20.8

Jun
24.4

Jul
26.0

Aug
25.5

Sep
22.9

Oct
18.0

Nov
13.0

Dec
10.6

13.0

10.6

Average
(Total)
17.7

Jan
11.0

Feb
11.3

Mar
13.0

Apr
16.2

11.0
-

11.0
0.3
-

11.0
2.1
-

11.0
5.2
-

8.0
12.8
-

15.0
9.4
-

15.0
11.0
-

15.0
10.5
-

12.0
10.9
-

6.1
11.9
-

-

-

11.2
1.9
5.9
5.5
-

11.0
-

11.3
-

13.0
-

16.2
-

20.8
-

24.4
-

26.0
-

25.5
-

22.9
-

18.0
-

13.0
-

10.6
-

24.6
(6.9)

674

627

801

964

1,277

1,452

1,601

1,570

1,362

1,105

773

652

12,858

674

609
18
-

674
126
-

653
312
-

492
785
-

893
559
-

922
679
-

922
648
-

714
648
-

376
729
-

773
-

652
-

4,035
456
4,319
4,048
-

674
-

627
-

801
-

964
-

1,277
-

1,452
-

1,601
-

1,570
-

1,362
-

1,105
-

773
-

652
-

12,858

(a) Maximum diversion rate is 15.6 cfs (928 acre-feet in a 30-day month)
(b) Maximum diversion rate is 21 cfs (1,250 acre-feet in a 30-day month)
(c) Maximum diversion schedule is: Apr - 181 AF; May - 492 AF; Jun - 893 AF; Jul - 922 AF; Aug - 922 AF; Sep - 714 AF; Oct - 376 AF
(d) Maximum diversion rate is 60 cfs (3,571 acre-feet in a 30-day month)
(e) Maximum well capacity is 3.1 cfs (184 acre-feet in a 30-day month)
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demands. Table 4-7 shows that only License 13855 supply is fully used.2 Other surface water
supplies are used to meet existing demands, and groundwater is not needed. Supplies other than
appropriative rights are only needed in July through September, when appropriative water rights
are reduced or unavailable.
Table 4-8 summarizes dry-year supplies, using supply information from the recent 2015 drought
year. In 2015, License 13855 was curtailed from May through October, Permit 18558 was curtailed
from May through December, and the City used 3,000 AF of SWP water. In 2015, the SWP
allocation was 25 percent, which for the City was 2,400 AF. The City also used additional Table A
contract water stored in previous years (carryover water), with a total delivery of 3,004 AF. For
the analysis, all available NYWD contract water was used in summer months, and SWP supply
was used to make up the remainder of the supply. A total of 4,000 AF of SWP water was assumed
to be available, higher than the 2,900 AF used in 2015, because of the higher demand used for the
analysis, indicating that additional carryover water would be used. With a dry-year demand equal
to 75 percent of normal year demand, supplies are sufficient to meet demands in all months.
Tables 4-9 and 4-10 compare supplies and buildout demands, with Table 4-9 showing supply
availability in a normal year and Table 4-10 showing supply availability in a dry year, with an
assumed 30 percent reduction from normal year demands. Calculations assume extension of
current contract terms into the future. Table 4-9 shows that with all supplies maximized, there is a
supply deficit from May through December, with a maximum deficit of 12 cfs (~8 mgd) in several
months, and an annual supply deficit of 4,900 AFY, or about 15 percent of overall demand. For
the normal hydrologic year, 5,950 AF of SWP was assumed to be available, based on the current
long-term yield estimate for the project. No carryover storage was assumed to be available, since
as the City increases its SWP use, less water will be available for carryover to subsequent years.
The monthly analysis shows a slightly higher shortfall than the 14 percent shortfall calculated in
the annual analysis (see Table 4-6), because groundwater supply is not needed in the winter
months, so only 1,700 AF out of a total available 2,200 AF can be used.

2

This analysis assumed use of License 13855. The City uses Permit 18558 first, in order to demonstrate the largest
use possible for perfecting the water right.
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Table 4-9. Buildout Monthly Supply and Demand Comparison, Normal Year
Demand and Supply
Demand, cfs
Supplies, cfs
License 13855(a)
Permit 18558(b)
NYWD Contract(c)
SWP (d)
Groundwater(e)
Total
Supply Shortfall
Demand, acre-feet/month
Supplies, acre-feet/month
License 13855
Permit 18558
NYWD Contract
SWP
Groundwater
Total
Supply Shortfall
Percent of Normal Year Demand

Jan
28.0

Feb
28.9

Mar
33.3

Apr
41.4

May
53.1

Jun
62.4

Jul
66.6

Aug
65.3

Sep
58.5

Oct
45.9

Nov
33.2

Dec
27.1

Average
(Total)
45.3

15.6
12.4
-

15.6
13.3
-

15.6
17.7
-

15.6
21.0
1.7
3.1

15.6
21.0
8.0
3.1

15.6
21.0
15.0
3.1

15.0
36.5
3.1

15.0
35.2
3.1

15.6
12.0
15.8
3.1

6.1
16.0
6.1
2.6
3.1

15.0
3.1
3.1

12.1
4.2
3.1

9.6
12.5
6.1
8.1
2.3

28.0
-

28.9
-

33.3
-

41.4
-

47.7
5.4

54.7
7.7

54.6
12.0

53.3
12.0

46.5
12.0

33.9
12.0

21.2
12.0

19.4
7.7

38.6
6.7

1,724

1,603

2,047

2,465

3,265

3,712

4,093

4,014

3,482

2,824

1,975

1,666

32,870

959
765
-

866
737
-

959
1,087
-

928
1,250
103
184

959
1,291
492
191

928
1,250
893
184

922
2,244
191

922
2,164
191

900
714
940
184

375
984
376
160
191

893
184
184

744
258
191

6,876
9,000
4,422
5,951
1,691

1,724
-

1,603
-

2,047
-

2,465
-

2,933
332
10%

3,255
456
12%

3,357
736
18%

3,277
737
18%

2,739
743
21%

2,085
739
26%

1,262
714
36%

1,193
473
28%

27,940
4,930
15%

(a) Maximum diversion rate is 15.6 cfs (928 acre-feet in a 30-day month)
(b) Maximum diversion rate is 21 cfs (1,250 acre-feet in a 30-day month)
(c) Maximum diversion schedule is: Apr - 181 AF; May - 492 AF; Jun - 893 AF; Jul - 922 AF; Aug - 922 AF; Sep - 714 AF; Oct - 376 AF
(d) Maximum diversion rate is 60 cfs (3,571 acre-feet in a 30-day month)
(e) Maximum well capacity is 3.1 cfs (184 acre-feet in a 30-day month)
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Table 4-10. Buildout Monthly Supply and Demand Comparison, Dry Year

Demand and Supply
Demand, cfs
Supplies, cfs
License 13855 (a)
Permit 18558 (b)
NYWD Contract (c)
SWP (d)
(e)
Groundwater
Total
Supply Shortfall
Demand, acre-feet/month
Supplies, acre-feet/month
License 13855
Permit 18558
NYWD Contract
SWP
Groundwater
Total
Supply Shortfall
Percent of Dry Year Demand

Jan
19.6

Feb
20.2

Mar
23.3

Apr
29.0

15.6
4.0
-

15.6
4.6
-

15.6
7.7
-

15.6
13.4
-

19.6
-

20.2
-

23.3
-

1,207

1,122

959
248
1,207
-

May
37.2

Jun
43.7

-

-

Jul
46.6

Aug
45.7

Sep
41.0

15.0
6.8
3.1

12.0
5.1
3.1

Oct
32.1

Average
(Total)
31.7

Nov
23.2

Dec
19.0

15.6

15.6

6.1
2.1
3.1

3.1

3.1

7.8
4.2
5.9
2.7
2.1

8.0
5.3
3.1

15.0
4.8
3.1

15.0
7.7
3.1

-

29.0
-

16.4
20.8

22.9
20.8

25.8
20.8

24.9
20.8

20.2
20.8

11.3
20.8

18.7
4.5

18.7
0.3

22.7
9.0

1,433

1,726

2,285

2,598

2,865

2,810

2,437

1,977

1,383

1,166

23,009

866
256
-

959
473
-

928
797
-

492
326
191

893
286
184

922
473
191

922
418
191

714
303
184

376
129
191

928
184

959
191

5,601
1,774
4,319
1,936
1,506

1,122
-

1,433
-

1,726
-

1,009
1,277
56%

1,363
1,235
48%

1,586
1,279
45%

1,531
1,279
46%

1,202
1,236
51%

696
1,281
65%

1,113
270
20%

1,150
17
1%

15,136
7,873
34%

(a) Maximum diversion rate is 15.6 cfs (928 acre-feet in a 30-day month)
(b) Maximum diversion rate is 21 cfs (1,250 acre-feet in a 30-day month)
(c) Maximum diversion schedule is: Apr - 181 AF; May - 492 AF; Jun - 893 AF; Jul - 922 AF; Aug - 922 AF; Sep - 714 AF; Oct - 376 AF
(d) Maximum diversion rate is 60 cfs (3,571 acre-feet in a 30-day month)
(e) Maximum well capacity is 3.1 cfs (184 acre-feet in a 30-day month)
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Table 4-10 summarizes dry-year supplies, using the same supply assumptions as the existing
demand analysis. The analysis shows that with a buildout dry-year demand that is 70 percent of
average year demand, there is a supply deficit from May through December, with a maximum
deficit of 21 cfs (~13 mgd) in several months, and an annual supply deficit of 7,900 AFY. For this
scenario, neither of the appropriative rights can be fully used, due to dry-year curtailments. The
SWP delivery amount is based on receiving only the City’s Table A allocation and does not include
carryover water or dry-year purchase water. Total available supply is 15,100 AF, which is
66 percent of the dry-year demand and 46 percent of the normal year demand. Like the existing
dry-year analysis, the deficit is higher than the annual analysis, because not all supplies can be
fully used in all months. License 13855 is used in January through April at its maximum diversion
rate, so no additional supply could be taken under this license. Permit 18558 has a maximum
diversion rate of 21 cfs, so additional supply could be taken under this license. With expansion of
ASR well capacity, if feasible, this water could be used to reduce the dry-year supply deficit.
Purchase of SWP Dry-Year purchase water could also be used to make up some of the shortfall.
The tables analyzing buildout demands illustrate that additional water supply will be needed in the
future. Potential options include purchase of additional winter supply combined with
implementing an ASR program, or purchase of additional summertime supply.
4.4 CITY WATER SHORTAGE PLANS AND ORDINANCES
4.4.1 Water Shortage Contingency Plan

As required by the Urban Water Management Planning Act, the City’s UWMP must include a
Water Shortage Contingency Plan that outlines measures to be taken by the City, during droughts
or emergencies that reduce water supplies. The City has a four-stage water conservation plan that
calls for voluntary or mandatory reductions in water use, depending on the severity of the shortage.
The four stages are based on the City’s current water supply contracts, and the expected annual
growth of the current customer base. Table 4-11 summarizes the four stages, based on percentage
of supply available (Carollo, 2016).
Table 4-11. Retail Stages of Water Shortage Contingency Plan(a)

(a)

Stage

Percent Supply Reduction

Water Conservation Condition

Normal

Use Water Efficiently

Normal water conditions

Stage 1

20 percent

Water alert

Stage 2

30 percent

Water warning

Stage 3

40 percent

Water crisis

Stage 4

50 percent

Water emergency

Supply totals in dry years based on percentages shown in Table 4-3.

Enforcement actions associated with the water shortage stages are included in the City’s Municipal
Code, as summarized in Section 4.4.2.
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4.4.2 City Municipal Code

Chapter 6 of the City’s Municipal Code addresses requirements for the City’s water system.
Section 6-6.08 – General Use Regulations includes a provision prohibiting water waste. The provision
states that no customer shall permit leaks or the waste of water and provides for the City to discontinue
water service if water is wastefully or negligently used, and conditions are not corrected.
Chapter 6 also includes Section 6-6.19 – Emergency Water Restrictions which provides
mandatory regulations that apply to water use once City Council declares a water emergency. The
code restricts a variety of water use activities, including the following:
•

Restricting lawn watering to two days per week;

•

Prohibiting using water to clean sidewalks, driveways, parking lots or buildings;

•

Requiring use of automatic shutoff nozzles;

•

Allowing watering of landscaping other than lawns only by drip systems, hoses with
shutoff nozzles or water buckets;

•

Requiring repair of leaks within five days of notification of the leak;

•

Prohibiting water runoff from properties; and

•

Requiring restaurants to only furnish water upon request.

The code also includes enforcement measures, providing for written warnings and fines for
violations of water use provisions in the code, as well as possible disconnection of service if
violations continue.
For drought years and emergency supply conditions, the City would invoke its Water Shortage
Contingency Plan, which includes mandatory prohibitions against specific water use during
shortages and reductions in demands, including for up to a 50 percent reduction in water supply.
The Water Shortage Contingency Plan maps prohibitions and restrictions included in Municipal
Code Section 6-6.19 to the water shortage stages identified in the plan. Table 4-12 summarizes
water use prohibitions and restrictions by water shortage stage.
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Table 4-12. Water Shortage Restrictions and Prohibitions
Water Shortage Stage
Action

Normal

1

2

3

Repair leaks, breaks and malfunctions
within 14 days

✓

Subject to enforcement and fine.

Decorative water features must recirculate
water and be leak proof

✓

✓

Cannot empty and refill pool unless
required for public health and safety.

--

--

--

✓

Prohibition on new pool permits

--

--

--

✓
1 day per
week for
turf during
dry season.
Prohibited
during wet
season
unless
prolonged
dry spell.

4

Must drain and keep dry.
Subject to enforcement and
fine.

Limit landscape irrigation to specific times

--

3 days per
week for turf.

2 days per
week for turf
during dry
season.
Prohibited
during wet
season
unless
prolonged dry
spell.

Allow only drip or hand-watering of trees,
shrubs and gardens.

--

✓

✓

✓

Confine landscape watering to user’s
property without runoff to adjacent
properties, streets or gutters.

✓

✓

✓

✓

No landscape irrigation while it is raining

✓

✓

✓

✓

No new landscape installations or
renovations permitted.

--

--

✓

✓

Shutoff nozzles required for hoses

✓

✓

✓

✓

Washing down driveways and sidewalks
prohibited

✓

✓

✓

✓

Unauthorized use of hydrants is prohibited

✓

✓

✓

✓

Properly maintain commercial, industrial,
institutional equipment

✓

✓

✓

✓

Encourage customers to wash only full
loads of dishes or clothes

✓

✓

✓

✓

Encourage customers to use pool covers
to minimize evaporation

✓

✓

✓

✓

Restaurants to only serve water on
request.

✓

✓

✓

✓

Car washing only permitted at commercial
carwash with re-circulated water

--

--

✓

✓

Require construction water use plan for
construction water uses, such as dust
control

--

--

✓

Not
permitted.

Limit installation of new landscaping to
drought-tolerant trees, shrubs,
groundcover. Prohibit installation of turf or
hydroseed

--

--

✓

Not
permitted.

Water use
for public
health and
safety
purposes
only.

Sources: 2015 UWMP, City Municipal Code 6-6.20
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4.4.3 Water Efficient Landscape Requirements

The State model water efficient landscape ordinance governs water efficient landscaping within
the City. The City provides guidance to developers on how to comply with the State ordinance.
The water ordinance applies to any new construction projects with an aggregated landscape area
greater than or equal to 500 square feet that requires a building or landscape permit, plan check or
design review, or rehabilitated landscape projects with an aggregate landscape area greater than or
equal to 2,500 square feet. The ordinance defines maximum allowable evapotranspiration
requirements and maximum allowable water use. A project applicant must prepare and submit an
application with calculations demonstrating that the total estimated water use for landscaping
design will be less than the maximum allowable water use.
4.5 EMERGENCY SUPPLY PLANNING

In 2016, the City evaluated water supply options for an emergency condition involving loss or
significant reduction in the City’s available supplies from the Feather River. That analysis targeted
meeting 50 percent of normal year demand by invoking Stage 4 of the City’s Water Shortage
Contingency Plan. Based on existing demands used in this Master Plan, the target demand would
be 5,300 gpm (7.7 mgd).
Since completion of that analysis, the City has started construction of an emergency intertie with the
City of Marysville, to deliver up to 1,500 gpm during an emergency, and is planning for a second
well to be constructed at the YCWTP. Chapter 9 of this WTP and Distribution System Master Plan
summarizes an analysis of the former HWC wells, recommending retaining and rehabilitating wells
5, 8 and 9. These projects, along with the existing well at the YCWTP, will provide a total supply
capacity of 6,650 gpm (9.57 mgd), as shown in Table 4-13. The existing well at the YCWTP is
operated through the treatment plant because it has elevated levels of arsenic. Even in an emergency
with no supply from the River, the groundwater well could still be gravity fed and treated at the
YCWTP if water treatment processes and the HLPS are available, so it is assumed to be available
during an emergency.
Supplies shown in Table 4-13 provide emergency supply to meet a demand of 6,650 gpm
(9.57 mgd), which would be 50 percent of an average daily demand of 19.1 mgd. Current and
planned projects will provide emergency supply equal to at least 50 percent of average daily
demand through 2030, based on the higher growth projection of 2.4 percent growth per year,
presented in Chapter 3.
Installation of additional wells is recommended to provide additional emergency supply as overall
demands increase due to growth. By buildout, the target emergency supply is 10,200 gpm
(14.65 mgd), so an additional 3,550 gpm emergency supply would be required. It is recommended
that the City install three new wells in the future to meet this need. This assumes that wells would
provide at least 1,200 gpm of supply.
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Table 4-13. Emergency Supply(a)
Source
Existing Well at YCWTP

Supply, gpm
(b)

Supply, mgd

1,400

2.02

1,500

2.16

Well 5

850

1.22

Well 8

800

1.15

Well 9

600

0.86

1,500

2.16

6,650

9.57

Planned Well at YCWTP

Marysville Intertie
Total Supply
(a)

Supply totals in dry years based on percentages shown in Table 4-3.

(b)

Assumes that treatment processes and the HLPS are available.

4.6 SUPPLY SUMMARY AND RECOMMENDATIONS

The City has existing surface water supplies comprised of two appropriative water rights, and two
contracts, one with NYWD, and one with DWR. The City also has one active groundwater well
located at the YCWTP.
An analysis of existing supply and demand illustrates that the City has adequate water supplies to
meet demands into the near-term. Although dry-year supplies are less than normal-year demand,
demands can be reasonably reduced to meet available supply. Based on demand projections
developed in this WTP and Distribution System Master Plan, with projects currently underway
and planned, the City has sufficient supplies to meet emergency needs through at least 2030.
By buildout, the City’s existing supplies will not be adequate to meet existing needs. The tables
analyzing buildout demands illustrate that additional future water supply will be needed, with the
monthly analysis showing a 19 percent supply shortfall in normal years, a 34 percent supply
shortfall compared with dry-year demand (assumed to be 30 percent lower than average year
demand) and 54 percent supply shortfall in dry years when compared with normal year demand.
Potential supply options include purchase of additional winter supply, coupled with development of
an ASR program, and/or purchase of additional summertime supply. West Yost recommends that the
City conduct a Water Supply Study to evaluate future supply needs and options and has included a
budgetary placeholder for this study in the capital improvement program presented in Chapter 10.
West Yost also recommends that the City plan to construct three future wells to provide for
emergency supply needs through buildout.
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This chapter defines the recommended planning and design criteria to be used for evaluating the
existing capacity and current performance of the Feather River Intake Structure, LLPS, YCWTP
and distribution system.
Key water system planning and design criteria from the 2004 Water System Master Plan (WSMP)
have been incorporated into this chapter; however, some of the previous criteria have been revised
to reflect more recent or suitable standards for this Water Treatment Plant and Distribution System
Master Plan. The following sections of this chapter present the recommended planning and design
criteria for the City’s potable water distribution system:
•

Source Water Supply and Water Treatment Plant Criteria

•

Distribution System Criteria

•

Distribution System Pressures

•

Facility Sizing

Table 5-1 summarizes the recommended planning and performance criteria for the City which are
discussed in more detail below.
5.1 SOURCE WATER SUPPLY AND WATER TREATMENT PLANT CRITERIA
5.1.1 General Water Supply and Treatment Reliability and Recommendations

Water supply and treatment reliability is achieved through several system features including:
(1) source water supply system facilities; (2) redundant or “firm” pumping and conveyance
pipelines; (3) water treatment process components and equipment that includes redundant units for
critical treatment process systems, and (4) back-up electrical power supplies.
The design criteria used to evaluate the City’s WTP facilities, systems, and equipment include
California Code of Regulations (CCR) Title 17, Group 4, Drinking Water Supplies and Title 22,
Division 4, Environmental Health. Additional reference resources include both Water Quality and
Treatment and Water Treatment Plant Design published jointly by the AWWA and American Society
of Civil Engineers (ASCE), and the Recommended Standards for Water Works published by the Great
Lakes – Upper Mississippi River Board of State and Provincial Public Health and Environmental
Managers (commonly referred to as the “Ten States’ Standards”) that is often used by California’s
State SWRCB DDW staff as a reference when evaluating water treatment facilities’ designs.
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Table 5-1. Summary of Recommended Water Treatment Plant and
Distribution System Performance Standards
Component
WATER TREATMENT PLANT PERFORMANCE
River Intake Structure and Low-Lift Pump Station

Criteria

Note(s)

River Intake Structure

Capacity at lowest anticipated river stage equal to WTP capacity

WTP capacity includes both net delivery capacity and spent filter backwash water and
membrane backpulse water.

Low-Lift Pump Station

Firm capacity equal to WTP capacity plus maximum amount of spent ISW
water and membrane back pulse water sent to washwater basins.

Firm pumping capacity defined as the total capacity of all operational pumps minus the
capacity of the largest pumping unit.

Firm capacity equal to or exceeding MDD, where firm capacity is the capacity
of all filters, with one of the largest filters out of service.

Firm capacity is calculated as 30.9 mgd (three conventional filters plus two membrane
filter cells) with conventional filters operating at 6.0 gpm/ft 2. The City has approval to
operate the conventional filters at 7.5 gpm/ft 2 as long as the City operates particle
counters to monitor the granular media filters' filtered water quality. At the higher filtration
rate, the firm capacity is 35.6 mgd.

Water Treatment Plant Capacity

Firm Water Treatment Plant Capacity

Conventional Filtration Treatment System
Rapid Mixer
Flocculation Basins
Sedimentation Basins

Granular Media Filters

Membrane Filtration System
Rapid Mixer

Mixing Energy between 750 and 1,000 sec -1
20 to 30 minutes flocculation time with tapered flocculation
At least 4 hours settling time, average velocity <0.5 ft per minute
Maximum filtration rate of 6.0 gpm/ft 2. Can be increased to
7.5 gpm/ft2 if City operates particle counties to monitor filtered water quality.
Monitoring must be continuous, and recorded at 15-minute or shorter intervals.
Both combined filtered effluent CCPE and
individual granular media fitters' filtered water ≤ 0.3 NTU in ≥ 95% of monthly
filtered water turbidity data collected at 15-minute intervals.
Mixing Energy between 750 and 1,000 sec -1

Flocculation Basin

Flocculation energy between 60 and 100 sec -1
Flocculation time between 5 and 10 minutes

Membrane Filters

- Transmembrane pressure < 22 psi
- membrane flux rate < 52 gallons/ft2/day
- Filtered water turbidity of 0.1 NTU in 95 percent of monthly readings
- Maximum turbidity limit of 1.0 NTU.

"Membrane filters operate closer to a "Direct Filtration" treatment process and require
less flocculation time and higher mixing energy.

Disinfection
Disinfection Systems

Distribution System Residual

Capable of providing required disinfection credit for Giardia and viruses

Disinfection credit must be determined when WTP is operating at the highest flow rate
during each day.

- Chlorine concentration at least 0.2 mg/L for at least 20 hours during any 24hour period collected at DDW-approved sample locations.
- Measurement disinfectant concentration detectable in at least 95 percent of
water samples.

High Lift Pump Station
High-Lift Pump Station

Firm capacity equal to or greater than WTP firm capacity and meet or exceed
water system MDD plus refill 10 percent of system storage in 12 hours.

Firm pumping capacity defined as the total capacity of all operational pumps minus the
capacity of the largest pumping unit.

Ancillary Systems and Equipment
Chemical Storage and Feed Systems General
Requirements
Powered Activated Carbon System
Fluoride System
Lime System
Plant Electrical System
To be completed
DISTRIBUTION SYSTEM PERFORMANCE
Fire Flow Requirements (a,b,c)
Business, Technology & Light Industry
Community Commercial
Manufacturing, Processing & Warehousing
Neighborhood Commercial
Office & Office Park
Regional Commercial
Public & Semi-Public
Medium/Low Density Residential
Medium/High Residential
Low Density Residential
Peak Supply Capacity
Normal Operating Conditions
Fire Flow Conditions

-Alarms to notify plant operators of coagulation, filtration or disinfection system
failures.
- Standby equipment to provide redundancy
Capacity for PAC dosage of up to 40 mg/L
Storage and feed capacity to maintain fluoride concentration of 0.7 mg/L
Storage and feed capacity to maintain positive Langelier Saturation
Index

5,000 gpm @ 5 Hours

4,000 gpm @ 4 hours

These are general requirements for master planning purposes, and may not be indicative
of requirements for specific developments or buildings. Fire flow requirements and design
of fire suppression systems for specific buildings and proposed development should be
evaluated on a case-by- case basis.

3,000 gpm @ 3 hours
2,000 gpm @ 2 hours
Provide firm supply capacity equal to maximum day demand; meet peak hour
demand from a combination of supply sources and storage.

Although storage varies daily and seasonally, for conservative planning purposes, it is
assumed that storage reservoirs are 75 percent full at the start of hydraulic evaluations.

Meet maximum day demand plus fire flow from a combination of supply
sources and storage.

Although storage varies daily and seasonally, for conservative planning
purposes, it is assumed that storage reservoirs are 50 percent full at the start of hydraulic
evaluations.

Distribution System Pressures
Minimum Pressure - Normal Operating Conditions

40 psi at customer service connection under peak hour demand

Minimum Pressure - Fire Flow Conditions

20 psi

Maximum Pressure

60 psi

Customers outside of normal service elevations may experience higher
pressures. Per Plumbing Code, new services with pressure greater than 80 psi require an
individual pressure regulating device.

Sufficient pumping capacity to meet a maximum day demand concurrent with
fire flow event, or a peak hour demand, whichever is greater.

Firm pumping capacity defined as the total capacity of all operational pumps minus the
capacity of the largest pumping unit.

WATER FACILITIES SIZING
Pumping Facility Capacity
Pumping Capacity
Backup Power
Water Storage Capacity
Operational Storage
Fire Storage
Emergency Storage
Total Water Storage Capacity
Water Transmission and Distribution Pipelines
Minimum Pipeline Diameter
Maximum Transmission Pipeline Velocity - Normal
Operating Conditions
Maximum Transmission Pipeline Headloss - Normal
Operating Conditions
Maximum Distribution Pipeline Velocity - Normal
Operating Conditions
Maximum Distribution Pipeline Velocity - Fire Flow
Conditions
Hazen Williams "C" Factor
Pipeline Material for Recommended New Pipelines

Equal to the firm capacity of the pumping facility.
25 percent of the maximum day demand

This volume is needed to equalize the demand fluctuations on maximum demand days.

Fire flow demand for the most severe fire flow requirement in the pressure
zone multiplied by the recommended fire flow duration.

This volume is needed to fight a fire even if the pumping facilities or the water treatment
plant are not operational.
Emergency storage is needed in emergency conditions such as power
outages and unforeseen interruptions in supply such as earthquakes or poor source
water quality events.

75 percent of the maximum day demand
Operational Storage + Fire Storage + Emergency Storage
8-inch

Locate new transmission/distribution pipelines within designated utility corridors wherever
possible.

7 ft/s
3 ft/ 1000 ft
7 ft/s

Criteria based on requirements for sizing new pipelines to serve new development.
Evaluation of existing pipelines to be on a case-by-case basis, based on age, material
type, velocity, head loss and pressure.

10 ft/s
130 for pipe diameters below 16"
140 for pipe diameters 16" and larger

For consistency in hydraulic modeling.

Ductile Iron Pipe

For consistency in hydraulic modeling.

(a) As established for the City of Yuba City in the 1997 Water Master Plan.
(b) Unique projects or projects with alternate materials may require higher fire flows and should be reviewed by the Fire Marshal on a case-by-case basis (e.g., proposed commercial/industrial areas and schools).
(c) Average spacing between fire hydrants shall be between 200 to 500 feet as determined by the recommended fire flow requirements and shall not exceed values listed in Table C105.1 of the 2013 California Fire Code.
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5.1.2 Water Treatment Process Design and Treated Water Quality Standards

Water treatment process performance requirements, treatment technique-based credit and water
quality standards have been established by United States Environmental Protection Agency (EPA)
in accordance with the Safe Drinking Water Act and its two amendments, and by DDW and its
predecessor agencies to protect public health. The regulatory requirements are intended to ensure
that public water supplies consistently deliver a safe, wholesome, treated water supply to all
customers. The EPA and the DDW regulations identify treatment requirements that are based on
both source water characteristics and treated water quality goals that include maximum permitted
concentrations of regulated contaminants in potable water delivered to the water system’s customers.
The City is responsible for ensuring that its treated water complies with applicable water quality
standards and regulations at all times.
Each water system must submit an operations plan for its WTP and distribution system to DDW
for review and approval in accordance with CCR § 64661, Operations Plan. The WTP must be
operated in accordance with the DDW-approved operations plan.
5.1.3 River Intake Structure and Low Lift Pump Station

The River Intake Structure and LLPS must be capable of providing peak supply capacity to the
YCWTP, where peak supply capacity is equal to the YCWTP firm capacity plus the highest
anticipated combination of spent filter backwash water and membrane back-pulse water sent to the
Spent Backwash Water Basins during a 24-hour period, to provide adequate supply of water to the
YCWTP and also meet or exceed the water system MDD. The River Intake Structure is a gravity
structure with a diversion capacity that varies according to the river stage.
The flow capacity for the intake must be sufficient for the lowest river stage anticipated. The LLPS
must have a firm capacity equal to the YCWTP capacity, where firm capacity is defined as the
total flow capacity of the pump station, less the capacity of the largest pump, which is reserved as
a standby unit.
5.1.4 Water Treatment Plant Capacity

The WTP should have firm capacity equal to or exceeding the MDD. Firm capacity is normally
defined as the capacity of all filters (conventional granular media filters plus membrane filters),
with one of the largest capacity filters out of service in accordance with standby replacement
requirements for critical water treatment process included in CCR Section 64659, Reliability,
paragraph (a) (2).
The two membrane filter cells have a reported net capacity of 6 mgd each. The four granular media
filters have a total area of 2,912 square feet. When each filter operates at DDW’s standard
permitted filtration rate, 6 gpm per square foot, each of the individual granular media filter’s
capacity is 6.3 mgd. The WTP’s capacity is 30.9 mgd (with three granular media filters plus two
membrane filter cells). The City has approval to operate the granular media filters at a maximum
filtration rate of 7.5 gpm/ft2, as long as the City operates particle counters to monitor the granular
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media filters’ filtered water quality. At the higher filtration rate, each granular media filter has a
capacity of 7.9 mgd, for a total WTP capacity of 35.6 mgd.1
Since the City sends its spent filter backwash water and its membrane back-pulse water to one of
the two backwash percolation and solids dewatering basins, and currently does not recycle any of
the spent backwash or membrane back-pulse water, the net treatment capacity should account for
both the spent backwash and back-pulse water that is used and not recycled. Approximately
500,000 gallons to 600,000 gallons of spent backwash and back-pulse water is sent to the
operational basin during an average day.
The DDW Annual Inspection Reports indicate that Yuba City’s WTP capacity is based on all four
of the granular media filters and the two membrane filter cells’ combined capacities, rather than
identifying the WTP capacity based on a “reliable” treatment capacity that includes only 3 of the
4 granular media filters and both membrane filter cells’ capacities. Discussions with City staff in
September 2017 indicate that each of the granular media filter’s “net capacity” should account for
filtered water used to backwash each filter, and that about 5 percent of the filtered water is used
for filter backwashes, so each of the granular media filter’s capacity should be identified as a net
6 mgd. Therefore, each of the four granular media filter’s net capacity is about 6 mgd. Similarly,
each of the two membrane filter cell’s capacity is also about 6 mgd.
Based on the maximum filtration capacity and the maximum amount of backwash and back-pulse
water, the WTP’s current maximum production capacity is 35.6 mgd less the amount of filter
backwash and membrane filters’ back-pulse water (1.5 mgd) used during an average day, for a net
reliable capacity of 30 mgd.
5.1.5 Conventional Filtration Treatment System

CCR § 64659, Reliability, indicates that all surface water treatment plants must include the
following design features:
1. Alarms that will notify the plant operator(s) if a coagulation, filtration, or disinfection
system failure occurs. The plant operator(s) must take corrective action or shut down
the WTP until corrective action can be taken.
2. Standby replacement (redundant) equipment must be available at all times to assure
continuous operation of the coagulation, filtration, and disinfection systems.
3. A sample of the combined filtered effluent from a sample point located between the
filters’ filtered water manifold and clearwell must be monitored continuously and the
combined filter effluent turbidity recorded in accordance with the reporting intervals
identified in CCR §64664. Monthly Report.

1

The DDW 2016 Annual Inspection Report reports the WTP capacity as 34.2 mgd, with membranes reported at
6 mgd each, and conventional filters with a total capacity of 22.2 mgd, which would be 7.4 mgd per filter with three
filters in service, or 5.55 mgd with four filters in service. As also indicated in DDW’s 2016 Annual Inspection
Report, the YCWTP capacity would be 39.9 MGD if the particle counters and log reduction software are in service.

5-4
January 2019
w:\c\278\12-17-12\wp\mp\052617_Ch5

City of Yuba City
Water Treatment Plant and
Distribution System Master Plan

Chapter 5
Planning and Design Criteria
4. A WTP’s filter capacity is normally based the combined filter units’ capacity when
one of the filters is not in service due to backwash or maintenance (N-1 filters of the
“N filters” at the WTP).
5. A water system can obtain approval of alternative methods of meeting the
requirements listed in item numbers 1 through 4 from DDW by demonstrating that it
satisfies the CCR requirements through other means.
Normally, DDW will approve use of a well that has an operating permit for use as a treated water
supply or the capacity of another surface water treatment plant owned and operated by the water
supplier as an alternative to the required reliability features identified in items 1 through 4.
The conventional filtration treatment process includes two rapid mixers, three pretreatment trains,
each of which includes three flocculation stages followed by a sedimentation basin, that are
followed by granular media filtration.
5.1.5.1 Rapid Mixer

Coagulant chemical dispersion should include mixing energies between 750 and 1,200 inverse
seconds (sec-1) and the mixing chamber should occur in a relatively short period of time (preferably
a few seconds or less) to optimize dispersion of the coagulant and coagulant aid chemicals.
5.1.5.2 Flocculation Units

Water treatment plants with a “conventional filtration” process include a gravity clarification step
between the flocculation units and the filters. The flocculation units (flocculators) at WTPs that
have a conventional filtration process are typically designed with two to four flocculation stages
(basins) that provide at least 30 minutes flocculation time at the maximum flow rate with “tapered
flocculation energy” to the coagulated water. The first flocculation stage typically provides mixing
energy between 40 and 80 sec-1. Each subsequent flocculation stage should have a lower
flocculation energy. The last flocculation zone should provide a flocculation energy between
10 and 20 sec-1. The 10 States Standards recommends that the flocculation units’ tip speed should
be between 0.5 and 3.0 feet per second and the average velocity through the flocculation basins
should be between 0.5 and 1.5 feet per minute.
The flow stream(s) into, between adjoining, and leaving the flocculation chambers should include
perforated baffles or other flow control devices that optimize flow distribution between parallel
treatment units and that enhance plug-flow characteristics through each flocculation segment and
also from the last flocculation segment into the clarification zone.
5.1.5.3 Sedimentation Process

Gravity clarification processes should be designed to provide adequate time for the coagulated and
flocculated particles to settle and accumulate near the bottom of the sedimentation basin(s), and
the basin should include a sludge (accumulated settled floc particles) removal system. The
10 States Standards recommends that the sedimentation basins’ hydraulic detention time be at least
4 hours, which is much higher than typically used in California, and the maximum average velocity
through the sedimentation basins should be less than or equal to 0.5 feet per minute A flow
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distribution-control system such as a perforated baffle wall should be located between the last
flocculation basin and each sedimentation basin to provide a relatively uniform flow stream and
velocity into the sedimentation basin and across the basin’s width and depth.
The average horizontal velocity into and through the sedimentation basin should be low enough
for the agglomerated floc particles to settle (drop) from as high as near the water surface to reach
the sludge layer zone near the bottom of the basin, and the basin’s length long enough to provide
adequate time for the flocculated particles to reach the sludge layer zone’s depth. The horizontal
velocity in the basin should also be low enough to minimize re-suspending settled particle and
entraining them in the clarified water flow zone (above the settled sludge zone).
Most rectangular clarifiers include a “transition zone” between the last flocculation basin and the
clarified water withdrawal (collection) area. The clarified water collection area should include
launders that result in a relatively uniform rise rate in the area below the launders.
The settled water turbidity must be monitored at least once each day in accordance with
CCR § 64654.8 paragraph (b) (2), and requirements included in the WTP operations plan.
The 10 States’ Standards also recommends that sedimentation basin should include launders that
have a total length that limit the launders’ edge “weirs” overflow rate to 10 gpm per foot. The
10 States’ Standards recommends that the sedimentation basins include a sludge collection and
withdrawal system or that the basin floor should be sloped with at least a 1 on 12 slope, and the
sludge discharge pipeline should be at least 3 inches in diameter.
5.1.5.4 Granular Media Filters

The current State design standards for granular media filters allow a maximum filtration rate of
6 gpm per square foot (gpm/ft2) of granular media filter area. The City has approval to operate the
granular media filters at a maximum filtration rate at 7.5 gpm/ft2, as long as the City operates
on-line particle counters to monitor the granular media filters’ filtered water quality and the log
reduction provided by the conventional filtration process.
The granular media filters’ individual filtered water turbidity and combined filter effluent must
also be monitored continuously and recorded at 15 minute or shorter intervals in accordance with
CCR § 64655, and both the individual filtered water and combined filter effluent must be less than
or equal to 0.3 Nephelometric Turbidity Unit (NTU) in at least 95 percent of the monitoring data
recorded at 15-minute or shorter intervals during each month in accordance with CCR § 64655.
The WTP superintendent or the City’s designated person must notify DDW if an individual filter’s
turbidity exceeds the performance criteria included in Table 64660, or if the combined filter
effluent turbidity exceeds the performance criteria included in Table 64663.
5.1.5.4.1 Filter Backwash Supply System

The filter backwash system must have reliable ability to backwash a filter when filter operating
conditions require backwashing the filter to provide optimal filter performance and capacity.
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5.1.5.4.2 Spent Backwash Water System

The spent filter backwash water, filter-to-waste water, sedimentation basins’ sludge, and membrane
systems’ back-pulse water (backwash water) are discharged to one of the two spent backwash water
basins located to the north of the pretreatment trains. The spent backwash water is currently not
recovered and recycled as part of the water treatment process. As noted above, the LLPS must
provide capacity to deliver and the WTP must have capacity to treat the combined treated water
production plus the amount of backwash water sent to the backwash water basins. If the backwash
water is reclaimed, the recycled water turbidity should be less than 2 NTU and the recycled water
flow rate should be 10 percent or less of the total WTP flow rate in accordance with the California
Cryptosporidium Action Plan guidelines.
5.1.6 Membrane Filtration System

The Permit Amendment No. 68-26A6 indicates that the two membrane treatment cells have a
combined nominal capacity of 12 mgd. The membrane filters receive 1.5-log virus, 4.0-log Giardia
and 4.0-log Cryptosporidium removal credit as long as the membranes’ transmembrane pressure is
less than 22 pounds per square inch (psi) and the membranes’ flux is less than 52 gpm/sf/day.
It should be noted that DDW’s 2013-2014 through 2016 Annual Inspection Reports indicate that
the City has not submitted and needs to submit a permit amendment application for the current
membrane modules that were installed to replace the original membrane modules.
5.1.6.1 Rapid Mixer

A coagulant chemical (aluminum sulfate [alum] or a polyaluminum chloride) can be dispersed into
the raw water ahead of the membrane filter system’s hydraulic flocculation basin. The mixing
energy and hydraulic residence time should be similar to the criteria used for the conventional
filtration system, between 800 and 1,000 sec-1, and the mixing duration should be a few seconds.
5.1.6.2 Flocculation Basin

The flocculation process for the granular media filters does not require the same flocculation
energies and hydraulic detention times that are needed to produce settleable and filterable particles
treated using the conventional filtration process. The flocculation energy and flocculation time
should be similar to flocculation mixing energies and times used for a direct filtration process since
the floc particles are being formed for removal by the membranes and not by a sedimentation
process. The flocculation energy should be between 60 and 100 sec-1 and the flocculation time
should be between 5 and 10 minutes.
5.1.6.3 Pre-membrane Strainers

The flocculated water passes through screening units that are reported to remove particles larger
than 2 millimeters from the flocculated water ahead of the membrane filter cells. The strainers
(screens) are intended to remove particles that can damage the membrane filters’ fibers.
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5.1.6.4 Clarification

Normally, the coagulated and flocculated water will pass through strainers between the
flocculation basin and the two membrane cells. When the raw water turbidity is greater than
10 NTU or the amounts of diatoms in the raw water are damaging an excess number of membrane
fibers, the water supplied to the membrane filter cells can be treated using the conventional
filtration treatment process, using the same sedimentation clarification pretreatment processes
used to clarify the coagulated and flocculated water ahead of the granular media filters.
5.1.6.5 Membrane Filters

The Permit Amendment No. 68-26A6 indicates that each of the two membrane filter cells has
capacity to produce 13.3 mgd when operating at the permitted flux rate, and a net average flow
rate that accounts for water used to periodically back-pulse the membranes and non-production
time for back-pulsing and clean-in-place cleaning 12 mgd. The permit amendment includes a
membrane filtered water turbidity performance standard of 0.1 NTU in 95 percent of the monthly
readings, and a maximum turbidity limit of 1.0 NTU. PA No. 68-26A6 also indicates that a
membrane cell will shut down if the transmembrane pressure exceeds 12.3 psi which corresponds
to a membrane flux of 27.8 gallons per square foot per day.
Additionally, Permit Amendment No. 68-26A6 indicates that the membrane filters should provide
at least 3.0-log removal of 3-micron size particles, unless previously approved to do so by the
California Department of Public Health (now DDW).
5.1.6.5.1 Membrane Integrity Test

The membrane units’ integrity is tested periodically using a pressure decay test based on an initial
17 psi pressure. The loss of pressure indicates that one or more fibers have failed. When the
pressure loss from the initial 17 psi is greater than between 0.1 and 0.4 psi per minute, an “air hold
test” must be performed to identify and repair the damaged and leaking fibers.
5.1.6.5.2 Back-Pulse System

The membrane filter units need to remove accumulated solids from the membrane fibers’ outer
surface to maintain the desired transmembrane pressure and flux. The back-pulse can be initiated
based on membrane operating time, transmembrane pressure, or manually. The membranes’
back-pulse events typically occur at 30-minute intervals for a 3-½ minute period.
5.1.6.6 Membrane Filtrate Pump Station

The water is “pulled” through the membrane filters’ fibers (outside to inside) by permeate pumps.
The membrane systems’ transmembrane pressure provided by the permeate pumps should not
exceed the maximum permitted 12.3 psi.
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5.1.6.7 Clean-in-Place System

The clean-in-place system will be used to restore membrane system capacity when mineral scale
or biological fouling cannot be adequately removed by the membranes’ back-pulse cleaning
cycles. The clean-in-place system should be used to clean and reduce membrane system’s
transmembrane pressure to less than whenever the back-pulse cleanings do not restore the
transmembrane pressure to an acceptable condition.
5.1.6.7.1 Clean-in-Place Chemical Systems

Both mineral scale and/or biological foulants can accumulate on the membrane fibers’ surface.
Each of the membrane modules in the two membrane cells should be cleaned monthly using
sodium hypochlorite solution and at six-month intervals using a sequential-application of both
heated 0.5 percent citric acid solution clean-in-place, and also a 200 parts per million (ppm)
hypochlorite solution clean-in-place (as separate clean-in-place cleanings) in accordance with the
clean-in-place frequency identified in Water Permit Amendment No. 68-26A6, dated March 25,
2008. A chemically enhanced “maintenance wash” using a 20 ppm chlorine solution shall be
performed at 96-hour intervals between the monthly clean-in-place events to the two membrane
cells as also described in the permit amendment.
5.1.6.7.2 Clean-in-Place Waste Chemical Neutralization System

The waste (used) clean-in-place chemical solutions must be neutralized prior to disposal. The
chemical neutralization system will be used to meet the City’s waste solution discharge
permit criteria.
5.1.7 Disinfection, Operational Storage, and Disinfection Byproducts

Disinfection systems must be designed and operated in accordance with the requirements in
CCR § 64659 and 64654. The disinfection system must be capable of providing the required
disinfection credit for Giardia and viruses for the most challenging combination of water
temperature and pH (for water treatment plants such as City of Yuba City that use chlorine as its
primary disinfectant) at the time during each day when the highest treated water flow rate occurs.
The treated water disinfection credit that is being achieved must be monitored in accordance with
CCR § 64656 and in the WTP’s Operations Plan in accordance with the requirements in
CCR § 64656 and 64661. The treated water delivered to the City’s distribution system must not
have a chlorine concentration that is less than 0.2 mg/L (as Cl2) for more than four hours during
any 24-hour period in accordance with CCR § 64654 paragraph (b) (1).
A measurable disinfectant concentration must be detectable in at least 95 percent of water samples
collected at the DDW-approved distribution system sample locations during each month in
accordance with CCR § 64654 paragraph (b) (2).
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5.1.7.1 Disinfection Contactor

The Clearwell No. 3 that was installed in 2007 provides disinfection contact time.
5.1.7.1.1 Tracer Study and T10 to Hydraulic Detention Time Ratio

A tracer study performed by DDW staff in February 2008 indicates that Clearwell No. 3 has a T10
to hydraulic detention time ratio of 0.43 to 1 when operating at a 12 mgd flow rate. PA No.
68-26A6 indicates that the City needs to perform a second tracer test when the WTP is operating
at a 30 mgd flow rate and was supposed to have done this before October 2008. The City needs to
schedule and perform DDW’s required tracer test at DDW’s required flow rate.
5.1.7.2 Treated Water Storage

Each of the two Clearwells (Nos. 1 and 2) constructed in 1968 – 1969 have capacity to store 2 MG of
treated water. The clearwells should have sufficient operational reserve storage capacity to permit
backwashing the filters when needed in accordance with the Ten States’ Standards’ recommendation.
5.1.8 High-Lift Pump Station (HLPS)

The HLPS must have a firm capacity equal to or greater than the YCWTP firm capacity and meet
or exceed the sum of water system MDD and pumping capacity to fill 10 percent of distribution
system storage in 12 hours, to adequately supply water treated at the YCWTP to the distribution
system. Firm capacity is defined as the total flow capacity of the pump station, less the capacity of
the largest pump, which is reserved as a standby unit.
5.1.9 Ancillary Systems and Equipment

The ancillary systems at the WTP include chemical storage tanks, metering pumps and other
chemical dosage equipment, and the electrical service and standby electrical engine generator units.
5.1.9.1 Chemical Storage and Feed Systems

As noted above in Section 5.1.2, CCR § 64659, Reliability indicates that all surface water
treatment plants must include alarms that will notify the plant operator(s) if a coagulation,
filtration, or disinfection system failure occurs and that the operator must take corrective action or
shut down the WTP until corrective action can be taken. CCR § 64659 also requires that the
coagulation and disinfection systems include standby equipment the can be placed in service if the
lead unit fails to assure continuous operation of these critical treatment processes.
5.1.9.1.1 Chlorine System

Evaluations of the chlorine system will include an assessment of the existing alarms and
availability of redundant units for this critical treatment process system.
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5.1.9.1.1.1 Emergency Scrubber Unit

Chlorine gas is a toxic chemical and a safety concern. The chlorine system evaluation will include
an assessment of the chlorine system’s existing safety features and condition.
5.1.9.1.2 Powdered Activated Carbon (PAC) System

The PAC system should have sufficient capacity to permit adding a PAC dosage as high as
40 mg/L in accordance with the recommendation in the draft technical report titled, “Bench-Scale
Testing of the Removal of Taste-and-Odor Chemicals and Cyanotoxins from the City’s Drinking
Water Supply”, prepared by Water Quality & Treatment Solutions, Inc., dated January 2016.
5.1.9.1.3 Coagulant (Aluminum Sulfate) System

Evaluations of the coagulant chemical (alum) system will include an assessment of the existing
alarms and availability of redundant units for this critical chemical system.
5.1.9.1.4 Hydrofluosilicic Acid (Fluoride) System

The hydrofluosilicic acid (fluoride) system should have storage and feed capacity that permits
adding a fluoride dosage to the treated water that maintains a fluoride concentration in the treated
water that complies with the Department of Health and Human Services’ recommended 0.7 mg/L
concentration goal.
5.1.9.1.5 Lime System

The lime system should have adequate storage and feed capacity to maintain a positive Langelier
Saturation Index (LSI) in the treated water delivered to the City’s customers to control corrosion
of metal pipe materials.
5.2 DISTRIBUTION SYSTEM CRITERIA
5.2.1 General Water System Reliability and Recommendations

Water system reliability is achieved through several system features including: (1) appropriately
sized storage facilities; (2) redundant or “firm” pumping and transmission facilities where
required; (3) emergency water supplies (groundwater wells); and, (4) alternate power supplies.
Reliability and water quality are also improved by designing looped water distribution pipelines
and avoiding dead-end distribution mains whenever possible. Looping pipeline configurations
reduces the potential for stagnant water and the associated problems of poor taste and low
disinfectant residuals. In addition, proper valve placement is also necessary to maintain reliable
and flexible system operation under normal and abnormal operating conditions.
5.2.2 Fire Flow Requirements

The City operates and maintains the city-owned water distribution system. The Yuba City Fire
Department (YCFD) is concerned with the availability of adequate water supply and pressure for
firefighting purposes. Consequently, YCFD establishes minimum flows and residual system
pressures during a firefighting event.
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YCFD uses fire codes which establish minimum fire flows and durations for individual structures. In
contrast, this WTP and Distribution System Master Plan evaluates available fire flow capacity by using
general land use categories that represent different types of development to assess distribution system
adequacy under current and future water demand conditions. Therefore, the fire flow requirements set
forth in this WTP and Distribution System Master Plan are intended only for general planning purposes
and are not reflective of the actual fire flow requirements sought for specific development approvals,
and do not identify specific existing non-conforming developments. Table 5-2 presents the
recommended minimum requirements based on general land use designations.
For the purposes of the master plan, these precise calculations are not done on a building by
building basis; rather, fire flow requirements are assumed based on land use types. The fire flow
requirements summarized in Table 5-2 are based on the 2004 WSMP flowrates, which were
reviewed by the City and the Fire Chief. The Fire Chief also provided required fire flow durations.
For example, the largest fire flow requirement is 5,000 gpm for five hours and was assigned to the
business, commercial, manufacturing, and office land uses. Single family residential land uses
were assigned 2,000 gpm for two hours, and is applicable for homes less than or equal to
3,600 sq ft. Multi-family residential land use was assigned a fire flow of 3,000 gpm at three hours.
The minimum fire flows identified in Table 5-2 are to be met concurrently during an assumed
MDD while maintaining a minimum residual system pressure of 20 psi throughout the water
system. The fire flow requirements shown in Table 5-2 will be used for the evaluation of the City’s
water system under future water demand conditions to confirm sizing of future system
improvements. Additionally, as discussed in subsequent sections of this chapter, the minimum fire
flows presented in Table 5-2 and their expected duration will also be used to establish the fire flow
storage capacity requirements.
Fire flows are assumed to apply to new development. Existing areas within the City are assumed
to meet the fire flow standards that were in place at the time of development. Fire flows in already
developed areas are evaluated in this WTP and Distribution System Master Plan using current
standards to identify fire flow deficiencies based on current standards, and develop a prioritized
program that can be implemented as part of the City’s pipeline replacement program.
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Table 5-2. Recommended Fire Flow Requirements(a,b,c)

Fire Flow, gpm

Duration, hours

Recommended
Storage, MG

Low Density Residential (includes
Low Density and Medium/Low
Density Land Use)

2,000

2

0.48

Medium/High Density Residential(d)

3,000

3

0.72

Public (schools, hospitals, civic)

4,000

4

0.96

Commercial and Industrial (includes
all commercial General Plan land use
categories, Business, Technology
and Light Industry and Manufacturing,
Processing and Warehousing)

5,000

5

1.20

Land Use Designation

(a)

(b)

(c)
(d)

Construction type and fire flow calculation area are not generally known during the development of a Water Master Plan;
consequently, fire flow requirements set forth in this table are based on previous estimates for these land use types in
similar communities. Existing land use refers to current conditions and “new” refers to the future/buildout development.
Unique projects or projects with alternate materials may require higher fire flows and should be reviewed by the Fire
Marshal on a case-by-case basis (e.g., proposed commercial/industrial areas, hospitals, schools, etc.).
Fire flow requirements assume that existing buildings are not sprinklered to be conservative for planning purposes.
Includes Medium/Low Density and Medium/High Density Residential land use categories.

5.3 DISTRIBUTION SYSTEM PRESSURES

Adequate system pressure is a basic indicator of acceptable water distribution system performance.
The recommended performance planning criteria for system pressures are:
•

•

Allowable Pressures Under Normal Operating Conditions:

40 psi to 60 psi2

—
—
—
—

40 psi
40 psi
40 psi
60 psi

Minimum Pressure under Average Day Demand:
Minimum Pressure under Maximum Day Demand:
Minimum Pressure under Peak Hour Demand:
Maximum Pressure under Average Day Demand:

Minimum Pressure Under Fire Flow Conditions:

20 psi

These performance criteria are applied to all areas that fall within the normal customer service
elevation ranges. Customers outside of the normal service elevation ranges may require an
individual pressure regulator or booster pump.

2

The Plumbing Code requires that individual services that exceed 80 psi have an individual pressure regulator on
the service line; services that are less than 40 psi during an average day demand condition must have an individual
booster pump on the service line.
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5.4 FACILITIES SIZING
5.4.1 Booster Pump Stations at Ground-Level Tanks

Sufficient water system pumping capacity should be provided to meet the greater of the following
two demand conditions within the system.
1. A MDD concurrent with a fire flow event (with fire requirements based on the
highest fire requirement for the different land use types within the system) with
booster pumps assumed to operate at firm pumping capacity; or
2. A peak hour demand with booster pumps assumed to operate at firm pumping capacity.
The highest demand requirement between these two demand conditions sets the water system
pumping capacity requirement. The pumping capacity requirement is calculated based on firm
capacity of the HLPS and distribution system booster pump stations at tanks.
5.4.2 Storage Tank Capacity

Total treated water storage tank capacity requirements are evaluated based on the following
three components:
•

Operational Storage

•

Fire Storage

•

Emergency Storage

Each storage component is discussed below.
5.4.2.1 Operational Storage

Typically, operational storage is used to meet water demands in excess of water supply
(e.g., offsetting the peak hour demands). Operational storage is typically replenished during hours
when demand is less than the water supply. Supply is typically provided at a rate equal to MDD.
Operational storage is commonly estimated at 25 percent of the MDD in accordance with AWWA
guidelines.3 The operational storage requirements should be calculated based on the actual diurnal
demand. However, in lieu of developing diurnal demand patterns, West Yost recommends that for
planning purposes the volume of water to be held in reserve for operational storage should be at
least equal to 25 percent of the total volume used during a MDD.

3

“Determining Distribution System Storage Needs”, September 2005, AWWA.
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5.4.2.2 Fire Storage

Fire storage is the volume of storage reserved for fire flows. The fire storage volume is determined
by multiplying the required maximum fire flow rate by the required duration time. It is assumed
that no more than one fire flow event would occur at a time. Table 5-2 shows the recommended
fire flow storage for each land use designation.
5.4.2.3 Emergency Storage

A storage reserve is also required to meet demands during an emergency. An emergency is defined
as an unforeseen or unplanned event that may degrade the quality or quantity of potable water
supplies available to serve customers. Determination of the required volume of emergency storage
is a policy decision based on the assessment of the risk of failures and the desired degree of system
reliability. The amount of required emergency storage is a function of several factors including the
diversity of the supply sources, redundancy and reliability of the production facilities, and the
anticipated length of the emergency outage.
The AWWA states that no formula exists for determining the amount of emergency storage
required, and that the decision will be made by the individual utility based on a judgment about
the perceived vulnerability of the system.4 For this WTP and Distribution System Master Plan, it
is recommended that the City have a minimum quantity of emergency storage volume equivalent
to 75 percent of the MDD, consistent with the 2004 WSMP.
5.4.2.4 Emergency Groundwater Storage Credit

The City currently does not have any active wells within the distribution system that could be used
for emergency use. However, this WTP and Distribution System Master Plan is evaluating the
possible use of the former Hillcrest system wells for emergency backup. The groundwater basin
can account for a portion of the recommended water storage and system peaking capacity in the
form of an emergency groundwater storage credit for wells that are available for emergency use
and that are equipped with auxiliary power. The credit is typically calculated based on the volume
of water pumped over a 24-hour period. The minimum credit is equal to zero, and the maximum
credit is equal to the recommended emergency storage capacity (up to 75 percent of the MDD).
5.4.2.5 Total Storage Capacity Recommended

The City’s recommended total water storage capacity should be the sum of the following components:

4

•

Operational: Volume of water necessary to meet diurnal peaks observed throughout
the day, assumed to be equivalent to at least 25 percent of the MDD; plus

•

Fire Flow: Volume of water necessary to supply a fire flow event, where the fire flow
event is contingent upon the service area; plus

“Determining Distribution System Storage Needs”, September 2005, AWWA.
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•

Emergency: Volume of water necessary to provide an emergency supply of
75 percent of the MDD; minus

•

Emergency Groundwater Storage Credit: A groundwater credit equal to the firm
groundwater supply that can be reliably accessed to meet emergency needs will be
calculated to adjust emergency storage needs.

The amount of total system storage and system peaking capacity required to meet these criteria
will change over time as the City continues to grow and water demands change.
5.4.3 Pipeline Sizing

The following criteria will be used as guidelines for sizing new transmission and distribution
system pipelines. Although these criteria and guidelines have been established and will be used to
size new pipelines, the City’s existing water system will be evaluated using system pressure as the
primary criterion. Secondary criteria, such as pipeline velocity, head loss, age, and material type,
are used as indicators to locate and to help prioritize where water system improvements may be
needed. Therefore, the City’s existing system will be evaluated on a case-by-case basis. For
example, if an existing pipeline experiences velocity or head loss in excess of the criteria described
below, this condition, by itself, does not necessarily indicate a problem as long as the minimum
system pressure criterion is satisfied. Other conditions such as pipeline age, material type, and
location in the system will also be considered.
5.4.3.1 General Definitions and Standards

The following list summarizes the general definitions and City standards for transmission and
distribution pipelines:
•

Transmission mains are defined as pipelines with a diameter equal to 14 inches or larger.

•

Distribution mains are defined as pipelines with a diameter smaller than 14 inches.

•

The City standardizes on ductile iron for new pipelines.

•

The City requires that all new pipelines have a minimum diameter of 8 inches.

•

New pipelines should be located within designated utility corridors wherever
possible. These designated utility corridors should be within public rights-of-way to
minimize or eliminate the need for utility easements within private property.

5.4.3.2 Water Transmission System

Transmission pipelines should be designed based on the criteria described below for normal
operating conditions. The criteria reflect industry standards and West Yost’s experience working
with the City’s existing water system.
For planning purposes, West Yost recommends the following criteria for water transmission pipelines:
•

The maximum velocity within the transmission system pipelines should be
7 feet/second (fps).
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•

Head losses within the transmission system pipelines should be limited to 3 feet per
1000 feet (ft/kft) of pipeline.

As noted above, both criteria apply for normal operating (non-fire) conditions.
5.4.3.3 Water Distribution System

Distribution pipelines should be sized based on the criteria described below for normal operating
conditions and fire flow conditions. The criteria reflect industry standards and West Yost’s
experience working with the City’s existing water system.
For planning purposes, West Yost recommends the following criteria for water distribution pipelines:
•

Maximum velocity of 7 ft/s during normal operating conditions; and

•

Maximum velocity of 12 ft/s during fire flow conditions.
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This chapter describes the City’s existing source water supply, water treatment plant, and treated
water pump station. This chapter also identifies both near-term improvements needed to meet current
regulatory standards and to increase the water treatment plant (WTP) reliable, firm capacity from its
current 30 mgd to 54 mgd in two 12 mgd phased increments. Design and record drawings of the
WTP facilities were reviewed. Additional information about the WTP was obtained through
discussions with WTP staff, review of previous reports, operating records, and other information and
operating data provided by the the City to West Yost. The following sections in this chapter describe
the major components in the City’s existing water supply, WTP, and treated water pump station:
•

Source Water Quality

•

Current and Future Anticipated Drinking Water Regulatory Requirements

•

Feather River Intake and Low Lift Pump Station

•

Evaluation of Existing Water Treatment Processes
—
—
—
—
—

Conventional Filtration Treatment Process
Membrane Filtration System
Disinfection System
Trated Water Clearwells and High Lift Pump Station
Chemical Systems

— Electrical Service and Instrumentation & Control
— Structural Evaluation and Condition
•

Recommended Water Treatment Plant Improvements

•

Recommended Near-tmer Water Treatment Assessment

The project growth in treated water demand indicates that the existing WTP capacity, firm
30 mgd1, should be adequate for the next 7 to 17 years, depending on the City’s service area growth
rate and whether the demand for potable water increases at a 1 or 2.4 percent annual growth rate.
The projected times when additional treatment capacity will be needed is based on the water
demand projections included in Section 3.4. The time required to complete the planning through
design and construction phases to increase treatment capacity is currently expected to be at least
five years, so the planning effort should start at least five years before the additional treatment
capacity will be needed.
Based on the current demand projections, most of the WTP improvement projects during the next
four to five years will primarily need to address aging structures and equipment, or install new

The granular media filters’ firm capacity, with one filter out of service for maintenance, backwashing, or in
standby status is 18.3 mgd. The granular media filters’ peak production can be increased by about 1.5 mgd per filter
with a combined net additional firm capacity of 4.5 mgd provided by the media filters. Operation of the granular
media filters at filtration rates greater than 6 gpm/ft2 will require integrating the particle counters and associated
log-reduction software into the SCADA system and monthly report forms.
1
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equipment to address new water quality challenges. The recommended near-term improvements
will address existing design elements that are not compatible with current water treatment plant
design standards, and that are needed to provide a reliable 30 mgd firm capacity for the City’s
planned near-term growth. Preliminary design for these projects should begin as soon as possible,
since it will likely require between two and three years to complete the required preliminary design,
design, and construction phase tasks before the necessary improvements will be operational.
Costs are included where alternative treatment improvements were identified for comparison of
relative costs. Costs for recommended improvements are presented in Chapter 10.
6.1 SOURCE WATER QUALITY

The City’s water quality data indicates that the River source water is a high-quality surface water
source that normally has relatively low turbidity, low numbers of regulated microorganisms,
relatively low total organic carbon (TOC), and low UV absorbance at 254 nanometer (ηm)
wave length.
6.1.1 Particles

The 2004 Master Plan, discussions with WTP staff, and a sample of settled solids collected during
October 2017, indicate that silt and sand particles (grit) in the River source water settle in the
pretreatment basins. The accumulated grit material requires removing each pretreatment basin
from service twice during most years to permit removing the accumulated grit particles from each
basin to restore optimal pre-treatment system performance. The WTP staff indicate that the amount
of sand, grit, and shell particles that accumulate in each pretreatment train’s flocculation basins
can be as deep as one foot on average during each six-month period between basin cleaning events.
Discussions with WTP staff indicate that its River source water at times contains diatoms that WTP
staff indicate damaged the membrane filtration system’s original fibers resulting in premature fiber
failures that were significantly higher than the manufacturer’s predicted fiber failure rate. The WTP
staff also indicate that using the conventional filtration system’s pre-treatment process significantly
reduces the membrane system’s fibers’ vulnerability to diatom damage.
6.1.2 Microbiological

The City’s first and second rounds of source water monitoring data for the presence of
Cryptosporidium parvum oocysts, E. coli, and total coliforms indicate that no oocysts were
detected during the two 24-month source water sampling and monitoring program. Based on these
data, the City’s River source water supply will remain identified as a “Bin 1” source that requires
no additional treatment (beyond the current 2-logs) to remove Cryptosporidium oocysts.
6.1.3 Natural Organic Matter

The DDW and its predecessor agencies 2006 and 2016 annual inspection reports indicate that there
have been at least two occasions when high TOC concentrations in the River source water supply
resulted in high THM and/or high HAA5 concentrations in the treated water samples collected
during the first two quarters in 2005. Discussions with WTP staff indicate that these were atypical
events, operational procedures that include postponing chlorine addition from being added to the
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raw water as an oxidant and disinfectant to being added to the filtered water as a disinfectant have
been implemented to minimize THM and HAA5 formation. As a result, the THM and HAA5
concentrations at the current eight treated water monitoring locations in the City’s treated water
distribution system are normally well-below their respective MCLs. Additional information about
current strategies to reduce THM and HAA5 formation is included in Chapter 7.
6.2 CURRENT AND ANTICIPATED FUTURE DRINKING WATER REGULATORY
REQUIREMENTS

The existing drinking water regulations include the Environmental Protection Agency’s (EPA’s)
Surface Water Treatment Rules, which include the Surface Water Treatment Rule (SWTR), Interim
Enhanced Surface Water Treatment Rule (IESWTR), Long-Term 2 Enhanced Surface Water
Treatment Rule (LT2ESWTR), and both the associated Filter Backwash Recycling Rule (FBRR)
and also California’s Cryptosporidium Action Plan (CAP). The FBRR and CAP include both
recycling and treatment requirements for water treatment plant filter backwash water (that is defined
by EPA to include spent filter backwash water, membrane filter units’ back-pulse water,
pretreatment basins’ sludge, and solids dewatering system’s filtrate) streams that are recycled.
Five additional regulations apply to water quality in water distribution systems. These include the
Total Coliform Rule (TCR), Revised TCR (RTCR), Lead and Copper Rule (LCR), Stage 1
Disinfectants and Disinfection Byproducts Rule (S1D/DBPR), and Stage 2 Disinfectants and
Disinfection Byproducts Rule (S2D/DBPR).
Discussions with EPA Region 9 staff in September and October 2017 indicate that the LCR will
be revised, but there are currently no new drinking water regulations planned or anticipated to be
implemented during the next four years.
6.2.1 Drinking Water Regulations’ Performance Goals

The City’s River surface water supply is a high-quality surface water source that is subject to the
Safe Drinking Water Act’s and its two amendments’ regulatory requirements. The Surface Water
Treatment Rules require that the City’s water treatment process provide at least 3-log Giardia
reduction credit, 4-log virus reduction credit, and at least 2-log Cryptosporidium removal credit.
The LT2ESWTR requires that a WTP provide additional Cryptosporidium reduction credit if the
source water is classified as either a Bin 2, Bin 3, or Bin 4 source. Source water monitoring data
collected by the City between April 1, 2007 and March 31, 2009 and also between October 1, 2015
and September 30, 2017 indicate that the City’s River source water should be classified as a
“Bin 1” source, and as such, requires no additional treatment to provide more than 2-log
Cryptosporidium removal credit as noted in Section 6.1.2.
The required pathogen reduction and removal credits can be provided by a combination of water
treatment processes that physically remove the regulated pathogens (removal) and chemical and/or
ultraviolet (UV) light that disinfects the regulated pathogens (inactivation).
Both the conventional filtration treatment process and the membrane system receive Giardia,
virus, and Cryptosporidium removal credit as described below in Section 6.4.2.2.1 and 6.4.3.1,
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respectively. Both the conventional filtration and membrane system treatment processes provide
the required removal credits.
6.3 FEATHER RIVER INTAKE AND LOW LIFT PUMP STATION FACILITIES

The DDW 2009 annual inspection report indicates that the LLPS’s pumps’ and the raw water pipelines’
combined capacity is 36 mgd. The WTP’s firm capacity is 30 mgd and is permitted to operate at
36 mgd, but the River intake structure’s fish screens limit the City’s surface water supply to 30 mgd.
The DDW 2016 annual inspection report indicates that the River Intake improvement project
includes fish screens that allow increasing the City’s River Intake capacity to 48 mgd.
Based on discussions with WTP staff regarding the amount of filtered water used for filter media
backwashes and membrane system net capacity, the WTP’s reliable, firm capacity is 30 mgd, so
the existing river intake and pipelines provide more capacity than the WTP currently does.
The current River Intake, LLPS, and WTP firm capacities are summarized below.
•

River Intake and LLPS: 30 mgd

•

WTP: 30 mgd

6.3.1 Future River Intake And Low Lift Pump Station

Discussions with City staff indicate that the existing River Intake structure’s location downstream
of a railroad bridge, across which hazardous products are transported at times, is a concern. The
DDW and its predecessor State regulatory agencies’ annual inspection reports indicate that City
of Gridley pumps raw sewage under the River and there are two sewage pipelines on bridges across
the River in Oroville at locations upstream of the City’s intake structure. Based on City staff’s
concern that water withdrawn from the River at the existing diversion point could be unsuitable
for treatment and delivery to the City’s customers following either a chemical or sewerage spill,
or other hazardous material release, potential water withdrawal locations upstream of the railroad
bridge were identified for the future increases in river intake and LLPS capacity increases.
Discussions with the City indicate that the existing LLPS location on the river side of the levee is
difficult to reach during high river flow conditions, and that the new LLPS should be located on the
dry side of the levee to improve access during high river flow events. However, subsequent
discussions with City staff indicate that installing the required gravity flow raw water pipeline below
the levee will not be possible, and that the LLPS should be sited on the river side of the levee.
6.3.1.1 Source Water Supply Alternatives

Two alternative methods of providing additional River water were considered: 1) a new surface
intake and LLPS similar to the existing intake and LLPS that could deliver 24 mgd to the WTP;
and 2) a series of Ranney-type Collector Wells (Collector Wells) that could provide the same
capacity. Although the River is normally a high-quality surface water supply, water quality can be
challenging at times. Collector Wells were evaluated as an alternative to constructing a new river
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intake/surface diversion structure similar to the existing river intake/surface diversion structure
constructed in 2010.
The new intake and LLPS or Collector Wells alternative could be constructed at a location
upstream of the railroad bridge near the east end of the intersection of Rednall Road and Levee
Road. Both a hydrogeological study and CEQA study will need to be performed to identify a
suitable location for either the required river intake and LLPS or series of Collector Wells.
Collector Wells can provide several advantages over direct surface diversion water supplies.
•

The Collector Wells’ caisson could be located at a distance from the river bank that
minimizes impacts on river flow stream. Collector Wells may require fewer permits
and reduce aesthetic impact.

•

The collector wells’ intake laterals would be located approximately 30 to 40 feet
below the river bottom and would not require monitoring the types of aquatic species
impacts including on anadromous fish in the river that an intake/diversion structure
similar to the river intake constructed in 2014 would. Water withdrawn from the
alluvial material below the river can also exclude undesirable aquatic organisms
including invasive mussels.

•

The alluvial material between the river and river-bottom interface and the collector wells’
laterals provide a barrier to many contaminants found in the surface water sources,
including turbidity, some TOC, diatoms, as well as chemical or other contaminant spills.

•

Water collected from the alluvial material below the river often has a higher quality
than in the river and may require less chemical conditioning for treatment and would
be less vulnerable to changes in source water quality.

Information included in hydrogeology reports from the early 1960s indicate that an individual
collector well’s capacity in the area upstream of the railroad bridge shown on Figure 6-1 could be in
the 6 to 12 mgd capacity range. Incremental increases in WTP capacity can be addressed by
installing one or more collector wells to provide the required incremental increases in water supply
capacity. A new surface diversion intake that is similar to the new intake adjacent to the LLPS would
require constructing a single new structure that can provide the initial increase in anticipated capacity
(12 mgd for Phase 1) plus subsequent future (Phase 2) increase in capacity (by Phases 1 and 2
combined 24 mgd, total) for the planning period duration (to 2040).
6.3.1.1.1 Raw Water Supply Pipeline

A new raw water (RW) supply pipeline will need to be constructed between the new river intake
or collector wells and the LLPS, and also between the LLPS and WTP site. Based on discussions
with the City, a suitable area east of the intersection of Rednall and Levee Roads was identified
for the new intake or collector wells, as shown on Figure 6-1. The RW pipeline would be
approximately 11,000 feet long and could either include one 36-inch diameter pipeline or two
24-inch diameter pipelines. The two 24-inch diameter pipelines would cost about $6.2 million
more than one 36-inch diameter pipeline but would permit removing one pipeline from service for
inspection and maintenance purposes and would also permit operating one smaller (24” dia.)
pipeline during periods when the YCWTP flow rate is low to minimize particles settling and
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accumulating in the pipeline. Based on discussions with City about accumulation of grit particles
in the three existing raw water pipelines, the new raw water pipeline(s), should include access
manways located at 2,000 feet intervals that facilitate removing accumulated grit from the pipeline.
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Table 6-1 compares conceptual-level costs for a new intake structure similar to the existing intake
structure with a collector well alternative.
Table 6-1. Comparison of Conceptual-Level Costs for New River Intake and
Raw Water Pipeline
Initial 12 MGD
Capacity
Capital Cost,
million dollars

Ultimate 24 MGD
Capacity Capital
Cost,
Million dollars

24 mgd River Intake, LLPS

$25.6

$28.0

12 – 24 mgd Collector Wells

$16.8

$31.9

24 mgd River Intake, LLPS, & two 24” dia. raw water Pipelines

$51.4

$53.9

12 – 24 mgd Collector Wells & two 24” dia. raw water Pipelines

$42.6

$57.8

Source Water Source
Source Water Supply Alternatives

Source Water Alternatives with Raw Water Pipelines

Both of these conceptual level costs include approximately $24.5M to connect the new river intake
and LLPS (or alternatively collector wells) at the location shown on Figure 6-1 to the existing
54-inch diameter raw water pipeline located on the east side of the rapid mixer ahead of and
adjacent to the membrane system’s hydraulic flocculation basins.
6.4 EVALUATION OF EXISTING WATER TREATMENT PROCESSES

The YCWTP has both a conventional filtration treatment process and a membrane filtration system.
The conventional filtration treatment process incudes rapid mix coagulation, three pretreatment
trains that each include flocculation, and sedimentation-clarification, followed by granular media
filtration, and disinfection. The conventional filtration facility and its water treatment components
are described in Section 6.4.2. The membrane filtration system and its water treatment components
are described in Section 6.4.3. The existing facilities at the YCWTP are shown on Figure 6-2.
Findings from the evaluation of the existing water treatment plant are discussed, along with
potential expansion of process units to meet future demands. The existing treatment units include
aging equipment that will require reconditioning and/or replacement during the next five years to
provide a reliable 30 mgd treatment capacity and to meet current design standards. The costs to
increase treatment capacity from 30 mgd to 54 mgd in two 12 mgd increments to meet future
demands were developed.2 Existing and future facilities that include expansion of existing
pretreatment process and expansion of both the granular media filters and membrane filters are
shown on Figure 6-3.

2

Projected buildout MDD is 51 MGD. A buildout WTP capacity of 54 MGD is used based on 12 mgd expansion
increments for the WTP.
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Discussions with the City indicate that a significant number of the original membrane system’s
fibers (Memcor S10V) were damaged by diatoms that were in the City’s River water supply and
the current membrane system’s fibers (Memcor S10N) continue to have higher than anticipated
failure rates. The original membrane modules’ Memcor S10V fibers were replaced in 2012. The
current set of membrane modules’ Memcor S10N fibers are reported by City Staff to have also
had a significant number of fibers damaged by diatoms. Based on WTP staff’s comments, we
recommend that a comprehensive study of the current membrane fibers’ failure rate and possible
causes be performed to accurately identify the cause(s) and appropriate methods of correcting this
perceived problem. This evaluation should be performed prior to deciding whether adding two
more membrane basins and membrane systems or additional granular media filters will provide
the highest level of filter system reliability at the lowest cost.
The City currently uses the conventional filtration pretreatment units to remove some of the
diatoms and other particles that damage the membrane fibers when the source water turbidity is
greater than 10 NTU. Discussions with the City indicate that it would like to add a sedimentation
process step between the membrane system’s flocculation basins and the membrane racks’ cells to
optimize removal of settleable contaminants that damage membrane fibers when the source water
turbidity is less than 10 NTU.
Discussions with the City also indicate that each of the conventional filtration system’s three
pretreatment trains is drained at six-month intervals to permit removing accumulated grit from the
pretreatment trains’ three flocculation stages. These discussions also indicate that the amount of
grit material that accumulates in each of the three pretreatment train’s flocculation basins is
typically 1-foot deep on average, and that there are grit particle mounds that are 3- to 4-feet high
in the areas immediately downstream of each train’s inlet flow four isolation gates.
A grit removal system that would remove a significant fraction (between 80 and 90 percent) of the
silt, sand, and other “grit” material larger than 0.01 inches (0.25 millimeters or 2.5*104 micrometer)
in diameter from the source water ahead of the pretreatment process should be added to the source
water delivery pipelines. The grit removal unit’s grit removal efficiency will be higher when the
flow rate is below its design flow rate. Since the WTP flow rate is normally lower during the
wintertime when source water turbidity and suspended grit particle density is likely to be highest,
the grit removal system’s efficiency would be highest when its benefits would be the greatest.
6.4.1 Conventional Filtration Treatment Process
6.4.1.1 Pretreatment Process

The conventional filtration treatment process currently includes one in-pipeline rapid mixer and
the original “flash mixer” in a concrete chamber. Normally both the rapid mixer and flash mixer
operate (in series) to disperse both coagulant and coagulant aid chemicals into the raw water ahead
of the three pretreatment trains. Each of the pretreatment trains include three flocculation stages
and sedimentation-clarification, followed by four granular media filters and disinfection in the East
Clearwell (Number (No.) 3).
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6.4.1.1.1 Rapid Mixer, Flash Mixer, and Coagulation

The rapid mixer includes a high-energy turbine mixer unit manufactured by Mastrrr Company that
was installed in 2004. The rapid mixer unit is mounted on the 36-inch diameter raw water pipeline
in the pipe gallery located between the two original (west and center) pretreatment basins.
The Mastrrr rapid mix unit provides high energy mixing for efficient dispersion of coagulant and
coagulant aid chemicals into the raw source water ahead of the original flash mixer chamber. The
original flash mixer chamber currently serves as a back-up mixer for the in-pipeline rapid mix unit.
6.4.1.1.2 Flocculation Basins

The three stages of flocculation provided in each of the three pretreatment trains ahead of the
sedimentation zone appear to be effective in forming floc particles that settle or are removed by
the granular media filters. The three pretreatment trains were in service during the WTP visit
described in Chapter 5, so the three sets of flocculation units in each pretreatment train could not
be visually inspected. The flocculator drive belt on the first stage flocculation unit in the west
pretreatment train was missing, so this flocculator unit was not operating during the WTP visit.
Each of the three flocculation stages (in each of the three pretreatment trains) provides about
6.8 minutes hydraulic detention time 9HDT with a combined nominal 20 minutes HDT when all three
pretreatment trains are in service and the WTP flow rate is 30 mgd. The recommended range of
flocculation times for a conventional filtration treatment process (in Water Treatment Plant Design) is
1,000 to 1,500 seconds (16.7 to 25 minutes). The three sets of flocculation sections in each of the three
pretreatment basins are capable of providing the minimum recommended flocculation time
(1,000 seconds) when operating at a 12 mgd flow rate per pretreatment train. The three sets of
flocculation sections in each pretreatment train will provide the maximum recommended flocculation
time (1,500 seconds) when operating at the original, 8 mgd flow rate per pretreatment train.
If the City wants to continue using the three pretreatment trains to condition water for both granular
media filtration and also to optimize removing particles that can damage the membrane system’s
fibers from the River source water, the three pretreatment trains’ flocculation units can provide the
minimum recommended flocculation time when each train’s flow rate is 12 mgd.
Information about the existing flocculation units mixing energies was not available. Discussions
with WTP staff indicate that the existing flocculation units have fixed-speed motors and cannot be
operated at lower (or higher) speeds to optimize flocculation energy. The available design
documents do not include information about the original flocculation units’ design speed and
associated mixing energies.
Based on the settled water and filtered water turbidity data from the past three years, it appears
that the flocculation system provides good flocculation and is performing well. However, the
flocculator units are relatively old (48 years’ service) and may be nearing the end of their
anticipated service life. WTP staff indicate that the flocculators’ Babbitt-type bearings are in poor
condition and need to be replaced.
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6.4.1.1.3 Sedimentation Basins

The three pretreatment trains’ sedimentation basins include settled water collection launders that
were extended as part of the 2005 “Water Treatment Plant Expansion to 30 mgd” (30 mgd) project.
The record drawings indicate that each of the launders is about 48 feet long. However, the launders
spacing is not consistent with good design practice. Launders should be spaced so that the
“tributary areas” between each pair of adjacent launders are the same and the space between each
launder and the adjacent wall should be one-half this distance. The 30 MGD design drawings
indicate that the distance between the launders and the nearby walls are 5’ – 4” and between these
two launders and the next launders are 5’ - 8”. This leaves a 6’ – 0” distance between the two
“in-board launders” and the mid-basin baffle wall. The optimal separation distance between
launders’ centerlines would be 4’ – 3”, 8’ - 6”, and 4’ – 3”, respectively, to provide a relatively
equal rise rate in the areas adjacent to and below each launder.
The existing launders’ length is also significantly shorter than required to provide the
recommended rise rate and launder overflow rate. The Ten States Standards recommends that the
launder’s overflow rate be less than or equal to 20,000 gallons per day per foot (gpd/ft), on both
sides. The launders’ length would need to be at least 62 feet, 6 inches to reduce the launders’
overflow rate to the recommended 20,000 gpd/ft for a 12 mgd flow rate per pretreatment train.
It should be noted that the sedimentation basins’ turbidity data from January 2014 through March
2017 indicates that in spite of the launders’ relatively short length and correspondingly higher
overflow rate(s), the settled water quality (turbidity) has generally been very good (less than
5 NTU). It should be noted that the highest WTP flow rate during this 3+ year period was
23.7 mgd, which has a corresponding launder overflow rate of 20,600 gpd/ft.
If the City wants to determine whether the three pretreatment trains can provide satisfactory
pretreatment performance at higher flow rates, WTP staff could perform jar tests during a period
when source water quality is poorer to determine if the WTP can provide the same settled water
quality when the launders are operating at higher overflow rates. If the jar test results are favorable,
the WTP should be operated with only one or two of the pretreatment trains in service. This would
permit conducting a stress-test of the flocculation and sedimentation basins’ ability to provide
satisfactory performance during a period when source water has poorer water quality. The
pretreatment units’ performance during the stress-test would permit determining if the
pretreatment trains can be operated at the required higher flow rates in the future.
6.4.1.1.3.1 Alternatives

The area required to construct three pretreatment trains identical to the three existing pretreatment
units (“west”, “center”, and “east”) when treated water demand exceeds the current WTP capacity
(30 mgd) in the future is shown on Figure 6-3. Figure 6-3 also shows approximately 350 lineal feet
of new 24-inch diameter raw water pipeline that would connect the two new 24-inch diameter raw
water pipelines to the new pretreatment basins.
The City’s source water turbidity and flow rate data from January 2014 through March 2017
indicate that the average and maximum source water turbidities during June through September
are between 1.6 and 4.0 NTU and between 2.1 and 5.8 NTU, respectively. The highest demand for
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treated water and WTP flow rates during these three years occurred between June and September.
Based on the need to increase WTP capacity from its current, firm 30 mgd to 42 mgd, and
eventually to 54 mgd, cost effective methods of increasing both pretreatment and filtration
capacity were evaluated. The 2004 Master Plan indicates that the Actiflo pretreatment process is a
cost-effective alternative that would cost about 20 percent less than a new conventional
pretreatment train similar to the three existing pretreatment trains. Conceptual level costs were
developed for conventional pretreatment units similar to the existing pretreatment units; Actiflo
pretreatment units; and contact clarifier (CC) pretreatment units that would all provide 24 mgd of
additional capacity.
The Actiflo pretreatment process requires using a relatively high polymer dosage to attach the
coagulated material in source waters to its micro-sand ballast. Carry-over of the micro-sand and/or
unreacted polymer material was identified at a water treatment plant in the San Joaquin Valley to
have had a significant adverse impact on performance of membrane filter fibers in pressure vessels.
A careful evaluation of the potential adverse impacts of operating Kruger’s Actiflo pretreatment
process ahead of the two existing membrane filters in gravity basins should be conducted if the
Actiflo pretreatment process is considered for the next anticipated WTP expansion project.
The area required to construct one new Actiflo pretreatment unit with a firm 12 mgd capacity
would be significantly less than the area occupied by each of the three existing pretreatment trains.
The new Actiflo unit would be constructed and placed in service prior to when treated water
demand exceeds the current WTP capacity. The area required to construct two Actiflo pretreatment
units is shown on Figure 6-4. The figure also shows approximately 425 lineal feet of new 36-inch
diameter raw water pipeline between the existing 24-inch diameter and 28-inch diameter raw water
pipelines and the first (and future second) Actiflo pretreatment units.
An alternative pretreatment process that has been used for similar high-quality (low turbidity) surface
water sources is granular media “contact clarification”. The Castaic Lake Water Agency (CLWA),
located in northern Los Angeles County, owns and operates the two largest WTPs in the United
States that use a CC pretreatment process. CLWA’s Rio Vista Water Treatment Plant (RVWTP)
includes 12 contact clarifiers and 12 high-rate filters that provide a combined capacity of 66 mgd,
and its Earl Schmidt Filtration Plant (ESFP) has 10 contact clarifiers and 10 high-rate filters that
provide a combined capacity of 54 mgd. Based on its initial 5 to 10 years of excellent performance
experience at its RVWTP between 1995 and 2000 with the CC pretreatment process, CLWA
replaced the flocculation-sedimentation basins at its ESFP with CCs about 15 years ago.
Although the CC pretreatment process is especially well-suited for treating low turbidity water
sources, CLWA has successfully used its CC pretreatment process to treat source water with
turbidity as high as 110 NTU. The CC pretreatment process could be operated in parallel with the
existing pretreatment trains during summertime peak demand events. The existing pretreatment
trains at the City’s WTP should continue to be used year-round as the City’s pretreatment process
especially when treating higher turbidity source water during wintertime.
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A CC pretreatment process could be used to augment the conventional pretreatment trains during
periods between April and October when demand is high and source water turbidity is typically
less than 10 NTU. The coagulant dosage for CC pretreatment is significantly lower than required
for a conventional filtration treatment process because the particle removal process relies on
capturing the particles on the up-flow granular media rather than needing to form large particles
that can be removed by gravity settling in a sedimentation basin.
The area required to construct eight CC pretreatment units with a firm 3 mgd capacity (each) or
four contact clarifier pretreatment units with a firm 6 mgd capacity (each) would be significantly
less than the area occupied by the three existing pretreatment trains. Each of the new modular CC
units would be constructed and placed in service prior to when treated water demand exceeds the
current WTP capacity. The area required to construct the CC pretreatment units is shown on
Figure 6-5. The figure also shows approximately 400 lineal feet of new 36-inch diameter raw water
pipeline that would connect the existing 24-inch diameter and 28-inch diameter raw water
pipelines to the first (and second) set of four CC pretreatment units.
Conceptual level costs to plan, design, and construct a firm 24 mgd of additional pretreatment
capacity with pretreatment units similar to the existing pretreatment trains, Actiflo units, and
contact clarifiers are summarized in Table 6-2.
Table 6-2. Comparison of Pretreatment Alternatives’ Conceptual-level Costs

Source Water Source

Capital Cost,
million dollars

Pretreatment Alternatives
Flocculation-Sedimentation (Three 8 mgd trains)

$15.7

Actiflo Unit (two nominal 12 mgd)

$6.1

Contact Clarifiers (eight nominal 3 mgd Units)

$5.6

Membrane System Pretreatment

$1.7

Filtration Alternatives
Granular Media Filtration

$10.4

Membrane System (two nominal 12 mgd)

$14.9

Complete Treatment System Alternatives (including Filtration)
Flocculation-Sedimentation (Three 8 mgd trains) & Granular Media Filtration

$26.2

Actiflo Unit (two nominal 12 mgd) & Granular Media Filtration

$16.5

Contact Clarifiers (eight nominal 3 mgd units) & Granular Media Filtration

$16.0

Membrane System Pretreatment & Membrane System (two nominal 12 mgd)

$16.6
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The conceptual-level costs for both two 12 mgd capacity Actiflo pretreatment units and eight
3 mgd capacity CC pretreatment process units are about one-half the cost of three conventional
flocculation-sedimentation trains that are similar to the three existing pretreatment trains at the
City’s WTP. The conceptual-level costs to add 24 mgd using either the Actiflo or CC pretreatment
alternatives are within 10 percent of each other. The conceptual-level costs for two Actiflo
pretreatment units and eight CC pretreatment process alternatives that would provide 24 mgd
additional pretreatment capacity during the future build-out period should be considered to be the
same at the planning level.
The CC pretreatment process would not be a suitable pretreatment process if the source water
turbidity is above 50 NTU for sustained periods (longer than a few days). However, based on
CLWA’s extensive experience, the CC pretreatment process can be used to treat source water with
turbidity as high as 100 NTU for a limited period and would provide superior and more cost-effective
pretreatment when the source water turbidity is below 5 NTU since it requires about 1/10th the
coagulant dosage required to condition particles in source water supplies for both the existing
flocculation-sedimentation pretreatment process and Kruger’s Actiflo pretreatment process.
We recommend that the City visit CLWA to learn about its experience using its CC pretreatment
process before the City starts to plan for its next WTP expansion project.
6.4.1.2 Granular Media Filters

There are four two-sided granular media filters at the WTP. The four filters were originally
constructed in 1968 and 1969 and were modified in 1999 to include airwash and a deeper anthracite
media layer supported by Leopold’s Integral Media Support (IMS) Caps that are attached to the
top of Leopold’s underdrain blocks. The Water Treatment Plant Filter Modifications drawings
indicate that the granular media filters currently include 26 inches of anthracite media with a
1.0 mm media effective size and 1.3 or lower uniformity coefficient (U.C.) above 10 inches of
silica sand with a 0.45 to 0.55 effective size and 1.4 (or lower) U.C. Based on the anthracite and
sand filter media’s depths and effective size the combined media path length (L) to diameter (D)
ratio is 1,170 to 1. The filters’ L to D ratio meets current filter media design recommendations.
The sand filter media’s effective size is smaller than the size of the largest openings that typically
are in Leopold’s IMS Cap.® The small sand grains can enter the IMS Cap’s passageways and
accumulate. If a significant portion of the IMS Caps’ passageways become obstructed, the pressure
drop through an IMS Cap during a filter backwash can exceed the IMS Cap’s or its hold-down
hardware’s capacity. This can result in an underdrain failure. Placing a two- to three-inch layer of
“torpedo sand” or “pea gravel” between the filter sand layer and IMS Cap ® could reduce the risk
of filter sand media getting into the IMS Cap.®
The existing filtered water turbidity data indicate that the granular media filters are performing
well and produce filtered water that meets DDW’s current filtered water turbidity performance
requirements (turbidity less than or equal to 0.3 NTU in at least 95 percent of the CFE and
individual filter effluent (IFE) data collected at 15 minute or shorter intervals during each month).
The CFE should not exceed 1.0 NTU at any time.
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6.4.1.2.1 Conventional Filtration Process Capacity and Removal Credits

The conventional filtration treatment process receives 2.5-log Giardia removal credit, 2-log virus
removal credit, and 2.0-log Cryptosporidium removal credit as long as the granular media filters’
CFE and IFE is less than or equal to 0.3 NTU in at least 95 percent of the CFE and IFE turbidity
data collected at 15 minute or shorter intervals during each month and does not exceed 1.0 NTU
after the first 4 hours’ operation.
The remaining 0.5-log Giardia inactivation credit and 2-log virus inactivation credit must be
provided by the disinfection contactor (Clearwell No. 3). As indicated above, the City’s River
source water monitoring data about the number of Cryptosporidium oocysts per liter indicates that
the River (at the City’s intake location) is a Bin 1 surface water source, so no additional
Cryptosporidium reduction (or inactivation) credit is required.
The existing granular media filters are permitted to operate at filtration rates as high as 7.5 gpm/ft2,
as long as the raw and filtered water particle count data indicate that the conventional filtration
system is providing at least 2.5-log reduction of Giardia-size particles. The additional 1.5 gpm/ft2 of
higher filtration rate capacity would provide an additional 6 mgd of filtration capacity if all four
filters are in service. The City’s Permit Amendment68-26A5, effective date March 7, 2006, requires
that both the raw water and filtered water particle counters be in service to monitor log reduction
and document that the filters provide at least 2.5-log or 99.7 percent removal of all paes (based on
running 6 minutes average of data collected at 20 second “snapshots”) during periods when the
filtration rate is between 6.0 and 7.5 gpm/ft2. It should be noted that “all particles” may not
accurately indicate if the filters’ performance removing Giardia (and/or Cryptosporidium) size
particles (7 to 12 μm ellipsoidal cyst surrogates and 4 to 6 μm spherical oocyst surrogates), and
a 20 minute “snapshot may not include an adequate number of particles (at least 330 during each
20 second interval) to document 99.7 percent particle removal performance.
The relatively low cost to complete the required particle counter and SCADA System
improvements to permit monitoring the filters’ log reduction data is significantly less costly than
installing one new filter (for 6 mgd additional peak filtration capacity). These filtered water quality
monitoring system improvements would permit increasing water treatment capacity by 6 mgd
during periods when the source water quality permits operating the pretreatment trains at flow rate
to as high as 10.5 mgd per train without compromising settled water or filtered water quality to
satisfy MDD, if needed during the period between when MDD exceeds 30 mgd and the first firm
12 mgd treatment increment can be placed in service.
6.4.1.2.2 Ancillary Filter Systems

The filters’ current backwash troughs appear to be the original backwash troughs. The top edges
of the troughs are somewhat irregular and uneven. When a filter improvements project is planned,
the City should consider replacing the backwash troughs with new fiberglass troughs that include
adjustable weir plates to permit optimizing a uniform backwash rise rate across each filter cell’s
width and length. The filter media size and depth should also be evaluated to provide greater solids
storage capacity and associated longer filter run durations between filter backwashes.
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6.4.1.2.3 Backwash Water Supply System

The filter backwash supply system includes the two 2 MG capacity clearwells (Nos. 1 and 2), the
backwash supply pump station that shares a wet well with the HLPS, and one air wash supply
blower located near the loading dock.
The HLPS’s treated water manifold is connected to the filter backwash supply system and provides
a redundant backwash supply for this critical filter system component. A backflow prevention
assembly should be added between the treated water manifold and the backwash supply pipeline
to improve protection of the treated water from possible contamination.
Although the WTP has operated for nearly 20 years with only one air wash blower unit, the existing
centrifugal blower is reported to need extended maintenance to ensure reliable service. A second
air wash blower should be installed to provide redundancy for this critical filter system component.
The area adjacent to the existing blower may be adequate to permit installing a second blower. If
the adjacent area is not adequate to install a second blower, a replacement blower should be
purchased and installed where the existing blower is located. The existing blower could be
reconditioned and stored on site to serve as a back-up unit.
6.4.2 Membrane Filtration System

The membrane filtration system includes an in-channel flash mixer, two parallel hydraulic
flocculation basins, particle-removal screen units, submerged membrane filtration module cells,
permeate pumps, membrane back-pulse water supply tank and pump station, clean-in-place
chemicals, clean-in-place solution storage tanks and pump station, waste clean-in-place chemical
neutralization chemicals, mixing tank and recirculation pump station. The membrane system’s
filtrate is blended with the granular media filters’ filtered water and sent to the East Clearwell
(No. 3) for disinfection prior to delivery via the HLPS to the distribution system.
The 30 mgd expansion project design criteria (sheet G012) indicate that the membrane filters’
average treated water flow rate (total capacity) is 12 mgd, the instantaneous flux at normal flow rate
is 31.4 gallons per square foot per day (GFD), and the membrane filters’ recovery rate is 95 percent.
The conventional filtration process’ three pretreatment trains can also be used to supply
coagulated, flocculated, and clarified water to the membrane cells via two 48-inch diameter
pipelines and the hydraulic flocculation basins. WTP staff indicate that the conventional
pretreatment trains are often used to optimize removal of particles that can damage the membrane
system’s membrane fibers, especially when the River water turbidity is greater than 10 NTU.
6.4.2.1 Membrane Filters

The DDW annual inspection reports for 2013 - 2014 through 2016 indicate that the membrane
system’s Memcor S10N membrane modules capacity is 13.3 mgd (combined capacity for the two
cells), and the Memcor S10N modules will receive 4-log Giardia removal credit, “at least” 1-log
virus removal credit, and 4-log Cryptosporidium removal credit as long as the modules
trans-membrane pressure is less than 12.3 psi and the flux is less than 15.5 GFD.
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The DDW annual inspection reports for 2013 - 2014 through 2016 also indicate that the membrane
system filtrate must receive 0.5-log Giardia and 4-log virus inactivation credit from disinfection.
Membrane system integrity tests must be performed daily, the integrity test results recorded daily
in the SCADA System and submitted to DDW as part of Yuba City’s WTP monthly operation
reports to document Cryptosporidium removal credit.
The membrane system design permits constructing two additional membrane cells on the south
side of the membrane system’s portion of the filter gallery. Assuming that the new membrane units
can provide the same capacity that the existing membrane system’s two membrane module cells
provide (firm 6 mgd capacity, each), two new membrane cells should provide an additional 12 mgd
of filtration capacity.
6.4.2.2 Rapid Mixer and Coagulation

The 2013-2014 through 2016 annual inspection reports indicate that the membrane filtration
system coagulant (alum or PACL, depending on source water characteristics) dosage is normally
5 mg/L when source water turbidity is less than 10 NTU, and that the typical 5 mg/L dosage is
used to optimize turbidity removal. Discussions with City indicate that coagulant chemical is not
added to the raw water ahead of the membrane filtration system when the raw water turbidity is
less than 10 NTU.
The WTP staff should perform a plant-scale evaluation of total organic carbon (TOC) removal and
disinfection byproduct (DBP) formation, especially the trihalomethane (THM) both with and
without addition of a coagulant ahead of the membrane system. Although membrane filters can be
an effective barrier to pathogenic microorganisms that are larger than the membranes’ pore size,
such as Giardia and Cryptosporidium, they are usually not an effective barrier that can remove
natural organic matter (NOM) that is measured as either TOC or dissolved organic carbon (DOC)
from most water supplies. If compliance with the S2D/DBPR’s THM or HAA5 MCLs becomes a
concern, the WTP staff will need to know whether the membrane system can remove enough of the
DBP-precursor NOM to comply with the S2D/DBPR either with or without addition of a coagulant.
6.4.2.3 Flocculation Basin

The membrane system’s flocculation basins include baffles to provide hydraulic flocculation. The
30 mgd project design criteria indicate that the membrane system’s hydraulic flocculation basins
provide 5 minutes of flocculation time. Based on the basins’ dimensions, the flocculation time at
the membrane system’s current capacity (13.3 mgd) is 10 minutes. The Ten States Standards’
flocculation guidelines were developed for WTPs that have either a conventional filtration or direct
filtration treatment processes, so the shorter flocculation time provided by the membrane system’s
hydraulic flocculation units may not be as important as it is for a conventional or direct filtration
process. If either TOC reduction to meet the S1 & 2 D/DBPRs’ requirements and/or taste and odor
reduction become important at a future date, the coagulant dosage added to the membrane system’s
source water and flocculation of the coagulated material to optimize the membrane system’s TOC
and/or taste and odor compounds removal efficiency may need to be evaluated further. The 30 mgd
project’s design criteria do not include information about the flocculation (mixing) energy
provided by the hydraulic flocculation system’s baffles at its design flow rate.
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Visual observation of the two hydraulic flocculation units indicates that the size of the baffles that
create the hydraulic mixing energy is relatively small and the associated mixing energy is likely
lower than needed to provide optimal flocculation mixing energy. The hydraulic flocculation
basins’ mixing energy can be calculated as a function of the membrane system’s flow rate and
headloss through the basins (difference in the water surface elevation between basins’ inlet and
outlet). It should be noted that both headloss through and mixing energy provided by a hydraulic
flocculation system is directly proportional to the square of the flow rate. When a hydraulic
flocculation system is operating at flow rates that are significantly lower than the design conditions
it will provide proportionally (as a ratio of the square of the current flow rate divided by the
system’s design flow rate) lower mixing energy.
The flocculation time reported in the 30 mgd project design criteria (5 minutes) is significantly
shorter than the flocculation time recommended for a direct filtration treatment process: 900 to
1,500 seconds (15 – 25 minutes) that has similar flocculation goals (produce filterable particles)
as the membrane system. Although flocculation of the source water for the membrane filtration
process should be closer to the flocculation mixing energy and time recommended for a direct
filtration process than for a conventional filtration process, the membrane filters’ filtered water
turbidity data indicate that the membrane system’s particle removal meets the membrane filters’
turbidity performance requirements.
The coagulant (alum or PACL equivalent) dosage used to condition the source water for membrane
filtration is significantly lower than the alum dosage used to condition the water for the
conventional filtration process’ granular media filters. Since the City has experienced high THM
concentrations in its treated water on more than one occasion, it would be prudent to perform jar
tests to determine if a higher alum or PACL dosage can condition more of the TOC and/or specific
ultraviolet light absorbance (SUVA) fraction for removal by the membrane system during periods
when the source water TOC concentration and/or SUVA fraction is higher than normal.
6.4.2.4 Pre-membrane Strainer Screens and Particle Removal

Discussions with YCWTP staff indicate that all of the source water is currently treated in the
conventional filters’ pretreatment basins when the source water turbidity is 10 NTU or higher,
including the water delivered to the membrane system’s filter cells for filtration. The WTP staff
indicate that it would like to have all of the source water, including the membrane system’s source
water treated using a clarification process that can remove particles from the water ahead of the
membrane cells, including when the source water turbidity is less than 10 NTU.
6.4.2.5 Membrane Filtration Treatment Process

Discussions with YCWTP staff during 2017 indicate that each of the membrane system’s two filter
cells are currently capable of producing about 4 mgd. This is about two-thirds (2/3) of the
membrane system manufacturer’s capacity, and the capacity in the 30 MGD project’s design
criteria. The YCWTP operating data from 2012 through 2016 indicate that the membrane system
was typically operated between May or June and September and the peak daily average water
production during months when one or both of the two membrane filter cells were in service for
at least 18 days was 4.2 mgd (average for the two membrane cells). This is about 1/3 of the
membrane system’s anticipated 12 mgd production capacity. Since that the two membrane cells
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were in service for less than 60 days (total) during 2015, only the 2012 - 2014 and 2016 membrane
system data were used to evaluate the membrane system’s peak production capacity during the
four years when the membrane system operated at its highest water production rates. The City’s
current membrane modules have been in service for six years of the seven-year warranty period.
City staff indicate that it would like to install a sedimentation basin between the two hydraulic
flocculation units and the two membrane cells to help remove materials that may damage the
membrane fibers and to also address hydraulic problems that occur when a membrane cell is
removed from service. The raw water pipeline between the LLPS and YCWTP makes it difficult
to reduce the flow rate into the YCWTP in a timely manner due to hydraulic inertia in the recycled
water pipeline that results in an adverse impact on the membrane cell’s hydraulics.
The membrane system operating data and information provided by City staff indicate that the
membrane system has experienced water production challenges. City staff indicate that the reasons
for membrane fiber failures are currently not adequately understood. Some City staff indicate that
the conventional pretreatment process is needed to remove and reduce particles in the water ahead
of the membrane system, for the membrane system to operate efficiently.
Discussions with YCWTP staff in September 2017, indicate that some of the membrane capacity
issues were associated with the original control system performance. Since that time, control
strategy modifications have been implemented, and are being used to optimize membrane system
operation and performance during the second half of 2018.
West Yost recommends that the City begin a comprehensive membrane system monitoring
program that includes the membrane system’s performance and water production after the recently
completed membrane system and YCWTP SCADA system improvements are operational to
permit determining if the membrane system can perform at its originally-projected capacity and
operating efficiency. This effort should be completed prior to starting preliminary design of the
anticipated Phase 1 project to increase the WTP capacity from 30 mgd to 42 mgd.
6.4.2.5.1 Membrane Modules’ Permeate Pumps

Each of the membrane system’s cells includes one permeate pump that “draws” the water through
membrane fibers’ pores, through the modules’ fibers to the racks’ manifold, and from the racks’
manifolds to the pump, from which the filtered water discharges to the 60-inch diameter
FW pipeline.
6.4.2.5.2 Membrane Back-pulse and Clean-in-Place System

The membrane system includes a back-pulse air supply and water system that agitates the
membrane fibers and flushes accumulated solids off the membrane fibers’ surface to restore
optimal performance and capacity, a clean-in-place system that is used for both “extended flux
maintenance” and to remove accumulated microbial foulants and mineral scale, and a waste cleanin-place chemical neutralization system. The membrane back-pulse cleaning is similar to a
granular media filter’s backwash, but is performed at more frequent intervals depending on source
water quality.
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6.4.2.5.2.1 Back-Pulse System

Each of the two membrane basin’s membrane modules are agitated with air and back-pulsed with
filtrate water for 3-½ minutes at 30- to 60-minute intervals to remove accumulated solids from the
membrane fibers to maintain production capacity at the desired transmembrane pressure. The air
wash and back-pulse system includes two centrifugal air supply blowers that provide lead and
standby service, one backwash water supply tank, and two back-pulse pumps that also provide lead
and standby service. Discussions with City staff indicate that the membrane back-pulse frequency is
currently scheduled at about 60-minute intervals, and that if the membrane system’s flow rate
increases to its design capacity and if it can be sustained at this higher flow rate that the back-pulse
frequency will likely need to increase to a 30-minute start interval. If the membrane system’s
back-pulse frequency increases (from once to twice during a 60-minute interval) the amount of
back-pulse water produced during each day will double, and the unit cost to reclaim ($/per
recoverable acre-foot of) spent backwash water discussed below in Section 6.4.5, will decrease.
6.4.2.5.2.2 Clean-In-Place System

The clean-in-place system is used to perform both the “chemically-enhanced” maintenance washes
that are normally performed at 96-hour intervals and the clean-in-place cleanings that are normally
performed at one-to two-month intervals. The clean-in-place system has sufficient capacity to
perform both the “chemically-enhanced” maintenance washes and clean-in-place cleanings for
both the two existing membrane treatment cells’ modules, and also has capacity to perform
enhanced maintenance washes and clean-in-place cleanings for two to four additional membrane
modules that are anticipated will be installed at future dates.
6.4.2.5.2.3 Clean-In-Place Chemical Systems

The three-existing clean-in-place chemical systems (hypochlorite, citric acid, and caustic soda)
storage tanks and metering pumps (to prepare clean-in-place cleaning chemical batches) and the
bisulfite storage tank and metering pumps (to neutralize used clean-in-place chemicals) are
currently in good condition.
6.4.2.5.2.4 Clean-In-Place Recirculation Pump Station

The two clean-in-place chemical recirculation pumps are designated to operate in lead and standby
service to provide clean-in-place recirculation system reliability. Information about these pump’s
wetted-surfaces’ materials and/or coatings was not reviewed. Based on these pumps’ use to
recirculate both a low pH clean-in-place solution (at about 2 pH units), and both a moderately
strong hypochlorite (chlorine) solution during the “chemically-enhanced” maintenance washes,
and a higher hypochlorite concentration when the low pH clean-in-place cleaning is followed by
a hypochlorite cleaning, these two pumps’ wetted components, and the other clean-in-place system
components may have a shorter service life than the permeate and back-pulse pumps that are not
exposed to either the low pH or high hypochlorite concentrations.
These two pumps and their associated pipelines, valves, and clean-in-place system accessories
should be inspected at five-year or shorter intervals to monitor the wetted surfaces’ condition.
Since there are two pumps, one can be removed for reconditioning when its condition warrants,
while the other pump remains in service. If both pumps need to be reconditioned, both of the
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pumps can be sent to be reconditioned during a period when the membrane treatment system is
not in service.
6.4.2.5.2.5 Clean-In-Place Chemical Neutralization System

The two clean-in-place chemical neutralization system recirculation pumps are designated to operate
in lead and standby service to provide clean-in-place system reliability. Information about these
pumps’ wetted-surfaces materials and/or coatings was not reviewed. Based on these pumps’ use to
recirculate low pH clean-in-place solution, moderately-strong to strong hypochlorite solution, with
each other or with sodium bisulfite after the “chemically-enhanced” maintenance washes and cleanin-place cleaning, these two pumps’ wetted components, and the other chemical neutralization
system components may have a shorter service life than the permeate and back-pulse pumps that are
not exposed to the low pH, hypochlorite, and bisulfite concentrations. These two pumps and their
associated pipelines, valves, and clean-in-place system accessories should be inspected at five-year
or shorter intervals to monitor the wetted surfaces’ condition. Discussions with the City indicate that
the clean-in-place waste chemical neutralization system should be modified to improve waste cleanin-place chemicals’ neutralization and neutralization system performance.
6.4.2.6 Membrane Filtration Process Capacity and Removal Credits

As noted above in the Section 6.4introduction, the membrane system’s filtered water production
has been reportedly impaired by diatoms’ damage to the membrane system’s fibers, and also due
to back-pulse system operation problems associated with the membrane manufacturer’s original
control strategy. The available membrane system operating data and discussions with WTP staff
indicate that the membrane system has been in service for between 75 and 150 days between May
and September of the peak-demand summertime months, based on review of data from 2012
through early 2017. The membrane system’s current set of Memcor S10N modules were placed in
service in January 2012.
The collector well alternative method of obtaining source water from the River alluvium could
significantly reduce the risk that diatoms will be in the water delivered to the membrane system.
Similarly, the grit removal system’s ability and efficiency (percent removal of diatom-size
particles) to remove diatoms from the river water could reduce problems associated with diatom
damage to membrane fibers.
Both of the membrane system’s membrane cells’ filtered water turbidity has consistently been
well-below the required 0.10 NTU performance standard, with two minor exceptions during two
days’ operation in February 2014, and one day of operation in December 2015. The 95th percentile
turbidity during the two days of operation in February 2014 was 0.80 NTU and during the one day
of operation in December 2015 was 0.16 NTU. Similarly, the membrane system’s maximum
filtered water turbidity was 1.0 NTU from January 2012 through December 2016.
6.4.2.7 Recommended Evaluation of Conventional Filtration and Membrane System Performance

Table 6-2 summarizes the cost to increase YCWTP’s water treatment capacity by 12 mgd using
the pretreatment process used with conventional filtration, two alternative pretreatment processes,
and adding two new hydraulic flocculation basins similar to the two existing basins. Table 6-2 also
includes the cost to construct two new granular media filters and also to construct two new
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membrane treatment cells. Table 6-2 also includes the combined costs for the three alternative
pretreatment processes that were considered suitable for use ahead of granular media filters,
followed by media filters, and also hydraulic flocculation ahead of two new membrane cells.
The other water supply improvements, including a new river intake or collector wells, LLPS, raw
water pipeline, grit removal system, chemical system improvements, new 4 MG (East) clearwell,
clearwell water level control weir structure, and additional HLPS pumps would be needed with all
of four treatment process alternatives and would have nearly identical costs. The estimated cost of
the two alternative pretreatment processes (Kruger’s Actiflo and contact clarification) in
conjunction with constructing two new granular media filters is nearly identical to the cost of
adding two new membrane treatment cells with the same 12 mgd capacity. All three water
treatment process’ costs are estimated to be between $16M and $16.6M and should be considered
to be identical at the current level of cost estimation accuracy.
The conventional filtration alternative, including one new pretreatment train that is identical to the
three existing pretreatment trains and two new granular media filters that are identical to the four
existing filters is estimated to cost about $24.3M, which is nearly 50 percent higher than the three
other alternatives’ estimated cost range.
West Yost recommends that the City implement a membrane performance monitoring program
that includes collecting performance data during the next two or more years prior to when the City
needs to decide which water treatment processes would provide the most cost-effective method of
increasing treatment capacity from 30 mgd to 42 mgd. These membrane system and conventional
treatment system operating data should be used to perform a thorough and accurate evaluation of
both the conventional filtration process and membrane system’s performance and operating costs.
The City should include an evaluation of both the conventional filtration treatment process and the
membrane system performance in removal of disinfection byproduct precursors and should
determine whether the current practice of not adding a coagulant to the raw water ahead of the
membrane filters is leaving an unacceptable amount of DBP-precursor material in the membrane
system’s filtrate water.
6.4.3 Disinfection System – East Clearwell (No. 3)

The DHS (DDW predecessor) 2004 annual inspection report indicates that the City agreed to base
its disinfection credit on filtered water (only) rather than its prior practice of using the
sedimentation basins to calculate part of its disinfection credit.
The newer, East Clearwell (No. 3) was placed in service in 2007. The East Clearwell is located
between both the granular media filters and membrane filters and the HLPS. There is a series of
60-inch, 48-inch, and 42-inch diameter treated water pipelines and fittings between the East
Clearwell and the HLPS. The 30 mgd drawings (C102) indicate that the treated water pipelines
include a 60-inch by 42-inch by 48-inch tee that would permit constructing a new HLPS in an area
southeast of the “center” 2 MG Clearwell.
The 2009 annual inspection report indicates that the water level in the East Clearwell should be at
least 7 to 10 feet deep to provide the required disinfection credit when the WTP flow rate is
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30 mgd. The East Clearwell and the treated water pipelines between the Clearwell and HLPS do
not include a control weir to maintain DDW’s recommended water depth in the East Clearwell
needed to provide the required disinfection contact time identified in the 2009 annual inspection
report. This situation requires that the water level in East Clearwell be maintained by limiting the
HLPS flow rate and/or increasing the WTP flow rate to maintain the required water depth in the
East Clearwell.
A tracer test of the baffled, circular 4 MG disinfection contactor (East Clearwell) was performed
in 2007 to determine the contactor’s T10 to HDT ratio. The Clearwell Tracer Test Draft Report
(Draft Report) dated December 2007 indicates that the East Clearwell has a T10 to HDT ratio of
0.57 to 1 based on the 2007 test conditions (12 mgd flow rate and 7.05 water depth in the East
Clearwell). The City’s Water Permit Amendment No. 68-26A6 dated March 25, 2008 indicates
that a tracer study performed by DHS staff during February 2008 at a 12 mgd flow rate determined
that the East Clearwell has a T10 to HDT ratio of 0.43 to 1 at the flow rate tested. Based on its
tracer test results, the DHS-approved the East Clearwell’s T10 to HDT ratio at 0.43 to 1,
significantly less than the 0.57 to 1 ratio reported in the 2007 Draft Report.
Permit Amendment 68-26A6 indicates that a second tracer test (at 30 mgd) was scheduled to be
performed during summer of 2008. Discussions with the City during December 2017 indicate that
the second tracer test has not been performed.
The use of a single fabric baffle curtain between the clearwell inlet and outlet pipelines to provide
a T10 to HDT ratio through the 4 MG East Clearwell was shown to be less effective than planned.
We recommend that two modifications be made to improve disinfection credit:
1. Construct a water level control Weir Structure between the East Clearwell and the
60-inch by 42-inch by 48-inch Tee, as shown in Figure 6-6.
2. Design Clearwell No. 4 (“North Clearwell”) to provide both inlet flow distribution
within the clearwell’s entire water depth, and a disinfected water collection and outlet
system that collects disinfected water from the entire water depth in the clearwell to
optimize the clearwell’s T10 to HDT ratio. After the North Clearwell has been placed
in service, the East Clearwell should be retrofitted to include a similar inlet flow
distribution system and a disinfected water collection system to improve its T10 to
HDT ratio.
The East Clearwell is hydraulically connected to both the HLPS via the 60- and 42-inch diameter
treated water pipelines and indirectly to the two original clearwells (“west” and “center”) via the
two 30-inch pipelines between the HLPS and the two 2 MG clearwells. This limits the minimum
water level in the two 2 MG clearwells to at least ten feet and makes the lower 1 MG of storage
capacity in each of these two clearwells unavailable. The new Clearwell Water Level Control Weir
Structure shown in Figure 6-6 will permit using the full depth in the two original clearwells (“west”
and “center”), and the operational storage capacity in the East Clearwell, and future North
Clearwell while maintaining the clearwells’ required capacity needed for disinfection contact time
((T). The Weir Structure bypass valve shown in Figure 6-6 will permit using the disinfection
portion of the north and east clearwells in an emergency.
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6.4.3.1 Disinfection Byproducts Monitoring Data and Control Strategies

The DHS’s (DDW predecessor) 2006 through 2008 annual inspection reports indicate that the City’s
HAA5 running annual average (RAA) concentration exceeded the HAA5 MCL during the first two
quarters during 2005. The City’s monitoring program was subject to the S1D/DBPR requirements
through the third quarter in 2012. Beginning with the fourth quarter in 2012, the City was required to
comply with the S2D/DBPR monitoring requirements that are based on locational running annual
average (LRAA) DBP concentration data, rather than the system-wide RAA performance criterion in
the S1D/DBPR.
The City’s January 2016 THM and HAA5 concentration data for the WTP, 1501B Colusa,
1767 Pacifica Drive, and 462 La Ramada sample locations were at or exceeded the respective
THM and/or HAA5 MCLs. Fortunately, the LRAA THM and HAA5 concentrations for each of
these sample locations for the first through fourth quarters during 2016 were below their respective
MCLs. The January 2016 THM and HAAS concentrations at the four locations identified above
indicate that both the raw water and treated water TOC concentrations should be monitored
more frequently. If the THM or HAA5 concentration at these locations continue to be high, and
are greater than 80 percent of the THM and HAA5 respective MCLs, the WTP operator should
perform jar tests to determine if increasing the current coagulant dosage can enhance removal of
the NOM fraction that tends to be THM and/or HAA5 precursor material.
Discussions with City indicate that the City’s prior DBP concentration (LRAA) issues are not
anticipated to occur again. If either the THM or HAA5 concentrations at the City’s S2D/DBPR
distribution system monitoring locations become a concern, City should evaluate whether adding
a coagulant can increase DBP-precursor (NOM) removal. The NOM’s size is mostly smaller than
the membrane filters’ pore size, and hence may not be removed from the water unless a coagulant
is added to condition the NOM and enmesh more of it in filterable particles that can be removed
by the membrane filtration system.
6.4.4 Treated Water Clearwells and High Lift Pump Station
6.4.4.1 Clearwells

The two 2 MG capacity clearwells (Clearwells Nos. 1 (“west”) and 2 (“center”)) constructed as
part of the original WTP project (1968 -1969) are hydraulically connected to the HLPS wet well.
These two clearwells provide treated water storage capacity that can be used to buffer variations
between the demand for treated water and the WTP flow rate. The newer East Clearwell provides
both operational storage and disinfection contact time (the “T” in “CT”).
The “C” in “CT” is the abbreviation for the disinfectant “concentration”, and “C” (expressed
in mg/L) is the disinfectant concentration in the water leaving each monitored disinfection
contactor segment. The “T” in “CT” is the time that at least 90 percent of the water requires to
pass through each monitored disinfection contactor segment. The “T” time used to calculate “CT”
is often referred to as the “T10 time”, since disinfection credit is normally based on the time when
a 10 percent increase in the concentration of a non-reactive tracer chemical from its background
concentration to the background concentration plus tracer chemical dosage occurs during a tracer
test performed to determine a disinfection contactor’s hydraulic efficiency (T10 to HDT ratio).
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As noted above in Section 6.4.3, DDW indicates in Permit Amendment 68-26A6 that the tracer
test performed by DDW staff during February 2008 determined that the East Clearwell has a T10
to HDT ratio of 0.43 to 1. Based on DDW’s East Clearwell tracer test results, DDW’s minimum
recommended water depth in the East Clearwell is at least 10 feet to provide the required 0.5-log
Giardia disinfection credit described in DDW’s 2013-2014 through 2016 annual inspection reports
based on its evaluation of a combination of worst-case conditions. DDW’s worst case conditions
include a chlorine concentration in the water leaving the East Clearwell as low as 0.7 mg/L, water
temperature as low as 48 ⁰F (8.9 ⁰C), a high (pre-lime feed) pH at 7.3 pH units, a WTP flow rate
as high as 34.2 mgd, and the previously-determined 0.43 to 1 T10 to HDT ratio. Based on DDW’s
worst-case criteria, the water depth in the East Clearwell should be at least 10 feet.
Based on the same water quality characteristics: temperature at 8.9 ⁰C, treated water pH (prior to
lime addition) of 7.3 pH units, chlorine concentration as low as 0.7 mg/L, and the first anticipated
increase in WTP capacity to 42 mgd, the minimum water depth in the East Clearwell will need to
be at least 11.0 feet to provide the 0.5-log Giardia and 2-log virus inactivation (disinfection) credit
required for the conventional filtration treatment process.
The membrane filtration system receives 4.0-log Giardia removal credit, 1.5-log virus removal
credit, and 4.0-log Cryptosporidium removal credit as long as the membrane system’s filtered
water turbidity is less than or equal to 0.1 NTU in at least 95 percent of the turbidity data collected
at 15 minute or shorter intervals during each month and its filtered water turbidity does not exceed
1.0 NTU at any time during each month. The disinfection system must provide at least 0.5-log
Giardia and at least 4-log virus inactivation credit for the membrane system’s filtered water. In
addition, the membrane system’s transmembrane pressure must not exceed 22 psi, and the flux
must be less than 52 gallons/ft2/day during all operating periods. Since the granular media filters’
and the membrane system’s filtered water comingles in the 60-inch diameter FW pipeline between
both types of filters and East Clearwell, the controlling disinfection (inactivation) requirements are
0.5-log Giardia and 4-log virus inactivation credit.
6.4.4.2 High Lift Pump Station, Spent Backwash Water Sump, and Pump Station

The existing HLPS, Spent Backwash Water Sump, associated Spent Backwash Water Pump
Station (PS), modifications to the HLPS, a future (additional) HLPS and relocated Spent Backwash
Water PS are shown on Figures 6-3 through 6-5.
6.4.4.2.1 High Lift Pump Station

There are five vertical turbine pumps at the HLPS (Pump Nos. 10 through 14) that can be used to
delivered treated water from the East, Center, and West Clearwells via the HLPS wet well to the
City’s distribution system; Pump No. 9, also at the HLPS is normally used to backwash the
granular media filters, as shown below. Table 6-3 summarizes the pumps, their primary service
and flow capacities. The pump curves for Pump Nos. 10, 11, 12, 13, and 14 indicate that Pump
Nos. 10 and 12 can deliver 4,900 gpm at 155 feet total dynamic head (TDH), and that Pump Nos.
11, 13, and 14 can deliver 6,250 gpm at 155 feet TDH. Four of the five pumps (with one of the
larger, 6,250 gpm capacity pumps in reserve) have capacity to provide a firm capacity of 32 mgd
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to deliver treated water to the City’s distribution system. If all five pumps are in service, the HLPS
could deliver a total capacity of 41 mgd.
Pump Number

Primary Service

Capacity, gpm

Capacity, mgd

9

Filter Backwash Supply

7,300

10.5

10

High Lift Pump Station

4,900

7

11

High Lift Pump Station

6,250

9

12

High Lift Pump Station

4,900

7

13

High Lift Pump Station

6,250

9

14

High Lift Pump Station

6,250

9

If two new HLPS pumps, with firm 6,250 gpm capacity (each) are installed in the space where the
Spent Backwash Water PS is currently located, the HLPS’s firm capacity with one pump in reserve
would be 41 mgd. If the treated water manifold is modified to include a discharge connection at
its east end to augment the discharge connection at its west end to the distribution system, the
velocity at the two discharge ends of the treated water manifold would be 5.0 ft/sec when six of the
HLPS’s seven pumps are in service. If both of the two 4,900 gpm capacity pumps (Nos. 10 and 12)
are replaced with two new 6,250 gpm capacity pumps, six pumps would provide 54 mgd capacity
and all seven 6,250-gpm pumps would provide a total capacity of 63 mgd. The velocity at the two
discharge ends of the treated water manifold would be 5.9 ft/sec. when six of the seven pumps are
delivering 54 mgd to the distribution system.
As noted below in Section 6.4.4.2.2, the existing HLPS’s wet well and Spent Backwash Water PS
wet well are separated by a concrete wall that does not include a monitorable air gap separation
(between two walls) that would permit verifying that there isn’t a cross connection with leakage
between the spent backwash water in the Spent Backwash Water PS wet well and the treated water
in the HLPS wet well. As also described below in Section 6.4.4.2.2, the existing Spent Backwash
Water PS should be replaced with a new Spent Backwash Water PS that does not share a common
wall with the HLPS wet well. After the recommended new Spent Backwash Water PS is
operational, the existing Spent Backwash Water PS wet well can be cleaned and disinfected, its
pipelines sealed, and the concrete wall between the Spent Backwash Water PS’s and HLPS’s wet
wells can be demolished to permit installing two new HLPS pumps in the expanded HLPS wet well.
Alternatively, if the City prefers to construct a new HLPS in the area identified in its 2004 Master
Plan, a new HLPS would need to be constructed to increase the WTP’s treated water delivery
capacity initially to 42 mgd when the MDD exceeds 30 mgd and later to 54 mgd3 when the City’s
anticipated buildout occurs.

3

Buildout demand is estimated at 51 mgd. A buildout HLPS capacity of 54 mgd is used for consistency with the
WTP capacity and to provide additional capacity for tank re-fill.
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6.4.4.2.2 Spent Backwash Water Sump and Pump Station

Two pumps, Nos. 19 and 20, are located above the Spent Backwash Water Sump portion of the
High Lift Pump Station and Spent Backwash Water Sump area. These two pumps transfer spent
filter backwash, filter-to-waste water, membrane system waste back-pulse water, pretreatment
basins’ sludge, and the neutralized enhanced membrane cleaning and clean-in-place solutions from
the waste sump to the spent backwash water percolation and dewatered solids drying basins. As
noted above, the original (1968-1969) YCWTP project drawings indicate that a single concrete
wall separates the HLPS wet well from the Spent Backwash Water Sump wet well. The single
concrete wall separation between these two spaces does not include an air gap separation that
permits monitoring possible leakage between the mixture of spent filter backwash water and
sedimentation basins’ sludge in the Spent Backwash Water Sump wet well and treated water in
the adjoining HLPS wet well. This outdated design is not consistent with current design standards.
A new Spent Backwash Water PS could be constructed either in the area east of the HLPS and
Spent Backwash Water PS or the area between the north end of the pretreatment basins and the
two, spent backwash water percolation ponds. The new Spent Backwash Water PS should include
two new pumps that replace the existing Spent Backwash Water PS’s two pumps. The existing
spent backwash water pipeline would be modified to bypass the existing Spent Backwash Water
PS and would connect to the new Spent Backwash Water PS. After the new Spent Backwash Water
PS is operational, the existing Spent Backwash Water PS would be cleaned and disinfected, after
which the concrete wall between the existing Spent Backwash Water PS would be removed to
expand the HLPS’s wet well to permit installing two new pumps in the expanded HLPS.
Alternatively, the spent filter backwash water, filter-to-waste, membrane back-pulse, and other
waste flow streams’ pipelines could be connected to a new Spent Backwash Water pipeline that
sends these spent backwash water flows to a new Spent Backwash Water PS to be located in the
area north of the three existing pretreatment basins as shown on Figures 6-3 through 6-5.
6.4.5 Spent Filter Backwash Water and Solids Handling Facilities

The existing YCWTP facilities currently do not include a spent backwash water system that can
reclaim recoverable spent backwash water streams, including spent filter backwash water,
filter-to-waste water, membrane system back-pulse water, and sedimentation basins’ sludge. An
analysis of the spent backwash water quantities pumped from the Spent Backwash Water Sump to
the Spent Backwash Water Ponds (also referred to as “percolation ponds”) for percolation into the
soil and solids dewatering during the five-year period between January 2012 and December 2016
indicates that an average of 210,000 gallons per day of spent backwash water was sent to the ponds
during this period. This is about 80 MG (245 AF) of water that could be recovered (based on the
average YCWTP flow rate during the five-year period) annually. The amount of recoverable spent
backwash water would increase in proportion to the anticipated increase in YCWTP capacity and
average daily water production.
Based on the source water turbidity and chemical use data from this five-year period, we estimate
that about 90 percent of the spent backwash water could be reclaimed and returned to the front of
the water treatment process for blending with the raw water and treatment.
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The difference in our estimated capital cost (including the same mark-ups used in the other capital
costs) is about $1,700,000 between a Spent Backwash Water Sump and Pump Station that is
identical to the existing Backwash Water Sump and Pump Station and a larger Spent Backwash
Water Sump and Pump Station that includes two smaller capacity pumps that permit returning the
spent filter backwash water at a lower flow rate needed to clarifying the spent backwash water and
other recoverable water streams, and also settling and thickening the sludge and other waste
streams’ solids. Assuming that 90 percent of the current average 245 AF/year of reclaimable spent
backwash water is recovered, and the cost of the additional spent backwash water treatment units
is amortized during a 20-year period at 2-½ percent interest, the present worth capital cost to
recover the spent backwash water would be about $440 per AF.
If the Membrane Filtration System operation and water production increases, both the frequency
of membrane system back-pulse cleaning events and the amount of spent backwash water
generated due to membrane system back-pulse cleanings will increase. This will increase the
amount of reclaimable back-pulse water and concurrently will reduce the cost per acre foot of
water that is reclaimed.
6.4.6 Chemical Systems

There are seven chemical systems at the WTP. These include chlorine gas, aluminum sulfate
(alum), slaked lime (lime), powdered activated carbon (PAC), two polymers, polyaluminum
chlorohydrate (PACL), and hydrofluosilicic acid (fluoride). Some of the chemical systems’
components are nearing 50 years of service and were designed and installed before the current,
and more stringent health and safety requirements were implemented.
The alum, PACL, and polymer chemical metering pumps are located in one room in the Operations
Building basement. There are no secondary containment areas for each of these chemicals to
prevent spilled chemicals from flowing across the floor where the polymers could create a slipping
hazard and where spilled chemicals could mix and react. This space should be modified to include
chemical spill containment curbs, liquid level sensors and alarms to improve work-space safety.
6.4.6.1 Chlorine System

The existing chlorine gas system includes two scales that each have capacity to hold two one-ton
chlorine containers, and four trunnions, that permit storing four one-ton containers (some full and
some empty), are used when full containers are being transferred from the delivery truck and the
empty containers are being transferred to the delivery truck. The two sets of scales provide capacity
to deliver a firm 800 pounds of chlorine gas per day (nominal 400 pounds of chlorine per one-ton
container) for oxidation and disinfection purposes. The two one-ton containers on the two sets of
scales provide lead and automatic standby service. When the contents of the lead (duty) pair of
one-ton containers are exhausted, the chlorine system automatically switches over to withdrawing
chlorine from the standby pair of containers on the second scale.
The chlorine system includes three Wallace & Tiernan (W&T) V-2000 chlorinators and associated
injector units, and one W&T Model V-10K chlorinator and injector unit.
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There are chlorine gas leak detectors in both the one-ton chlorine container storage room and
chlorinators room. The chlorine system includes a dry-chemical chlorine gas scrubber
manufactured by Purafil that has capacity to neutralize one-ton of chlorine gas.
Discussions with the City indicate that the City is concerned about risks associated with continuing
to store and use chlorine gas. At the City’s request, we contacted similar water treatment and
wastewater treatment facilities that are using chlorine gas as their chlorine source and/or that have
replaced chlorine gas with hypochlorite. Information for six utilities is summarized below.
•

City of Davis WWTP: replaced chlorine gas system with hypochlorite system
in 2017.

•

City of Vacaville WWTP: replaced chlorine gas system with hypochlorite system in
the early 2000s.

•

City of Tracy JJWTP: Treatment Superintendent would like to replace chlorine gas
with hypochlorite system.

•

City of Redding FWTP and BWTP: Treatment Superintendent currently intends to
continue using chlorine gas for the foreseeable future.

•

San Juan Water District WTP: Treatment Superintendent currently intends to
continue using chlorine gas for the foreseeable future.

•

City of Benicia WTP: Public Works Capital Improvement Program Manager and
Treatment Superintendent intend to replace chlorine gas with hypochlorite system
before mid-September 2019.

We evaluated the current maximum chlorine use during one-day and the peak-day WTP flow rate
included in the City’s 2014 – 2016 WTP operating data. Based on the most recent three years of
WTP operation, and the current WTP capacity (30 mgd), the first incremental capacity increase to
a firm 42 mgd, and the second increase to an ultimate firm capacity of 54 mgd, the chlorine system
capacity would need to be 800 ppd, 1,100 ppd, and 1,400 ppd, for the firm 30 mgd, 42 mgd, and
54 mgd flow rates, respectively.
Based on the current WTP capacity and planned expansions to firm 42 mgd and 54 mgd capacities
in the future, the existing chlorine gas system capacity (800 ppd provided by each of the existing
scales’ two one-ton containers will not be adequate when the WTP MDD is greater than the current
firm 30 mgd. New chlorinators and integrating the existing chlorine gas scrubber into the new
chlorine ton container storage room’s safety system should be evaluated at that time. Alternatively,
the existing chlorine gas system could be replaced with a new hypochlorite storage and metering
pump system or with an on-site hypochlorite generation system(s) and metering pumps.
Coagulation, filtration, and disinfection are defined as three critical water treatment processes in
CCR §64659, Reliability. Since chlorine is used for disinfection at the WTP, the chlorine system
must include reliability features. Discussions with DDW about the amount of chlorine (gas or as
hypochlorite) indicate that the chlorine system should have at least 30 days’ reserve supply stored
on-site, to satisfy the regulatory policy. Based on the ADD flow rates for the current and two future
firm WTP capacities, the chlorine system should have capacity to store at least 12 tons, 16 tons,
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and 21 tons of chlorine (gas) or at least 12,000 gallons, 16,000 gallons and 21,000 gallons of 12.5
volume percent hypochlorite solution when the firm WTP capacity is 30 mgd, 42 mgd, and
54 mgd, respectively.
6.4.6.2 Aluminum Sulfate (Alum) System

The alum system includes two alum storage tanks, two sets of chemical metering pumps, and chemical
conveyance pipelines between the two storage tanks and metering pump room in the Operations
Building basement and between the metering pumps and three feed points. The three alum feed points
include the flash mixer on the 36-inch diameter raw water pipeline in the Operations Building
basement, the original rapid mixer chamber, and the membrane system’s flash mixer.
One alum storage tank is a rubber-lined steel tank that is 8 feet in diameter and 22 feet tall and has
capacity to store 8,275 gallons of alum. This tank is shown on the 1969 Record Drawings and is
48 years old. The second alum storage tank appears to be an insulated high-density polyethylene
tank that has capacity to store 9,432 gallons of alum. Both alum tanks are located in a concrete
basin that provides secondary chemical spill containment. The older rubber-line steel tank is nearly
50 years old and is likely near the end (or past) its anticipated service life.
The alum metering pumps are located in the metering pump room in the Operations Building
basement. Two of the alum metering pumps capacity is 50 gallons per hour (gph) per pump. The
other two alum metering pumps capacity was not reported.
6.4.6.3 Lime System

The lime system includes one 10,900-gallon storage tank and two metering pumps located in the
Lime Room on the west side of the Operations Building. The lime system also includes lime
delivery pipelines between the metering pumps and the pre-pretreatment process lime-feed and
post-filter lime feed points. The 30 mgd WTP drawings indicate that there are two lime feed points
are on the 36-inch diameter raw water pipeline just past the flash mixer in the Operations Building
basement and on the 54-inch or 42-inch raw water pipeline upstream of the membrane system’s
flash mixer.
The storage tank is a (rubber-lined) steel tank. This tank appears to be about 20 years old.
The two metering pumps are located in Lime Room in the Operations Building
6.4.6.4 Powdered Activated Carbon (PAC) System

The current PAC system includes a “super-sack” hoist, one PAC slurry mixer that wets the dry
PAC material and produces a PAC slurry feed stock. The PAC system is located in the PAC Room
that is just to the south of the Operations Building entrance. The PAC Room is 26-feet by 26-feet
in plan and includes both a single, personnel door and a 12-feet by 12-feet roll-up door. Discussions
with WTP staff and our condition assessment inspection indicate that the existing PAC system is
in very poor condition and should be replaced. City staff requested that the PAC be
designed/planned for PAC delivered as a slurry and stored on-site in tanks in the PAC Room.
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The roll-up door and PAC Room’s area would permit installing two nominal 10-foot diameter by
10-foot tall PAC slurry storage tanks. Two peristaltic pumps, a PAC delivery pipeline flushing
system, and an emergency eyewash and shower that complies with requirements in California
Plumbing Code Sections 416.0 through 416.2, and ANSI Z358.1, would be included.
Based on the recommended PAC system capacity described in “Bench-Scale Testing of the
Removal of Taste-and-Odor Chemical and Cyanotoxins for the City’s Drinking Water Supply”,
Draft Technical Report prepared by Water Quality & Treatment Solutions, Inc (WQTS), the PAC
system should currently be capable of adding at least 10,000 pounds per day (ppd) of PAC and
should have capacity to add at least 14,000 ppd of PAC when the first WTP expansion increases
capacity from its current 30 mgd to a firm 42 mgd.
Subsequent direction provided by the City about when PAC is needed for taste and odor mitigation
and the likely PAC dosage indicates that the PAC system capacity recommended by WQTS is
overly conservative.
The City indicates that taste and odor due to Geosmin and/or methylisoborneol (MIB) occurs far
less frequently than indicated in WQTS’s report, and that taste and odor problems tend to occur
after peak summer time demands have ended. The City recommends that the PAC system’s
capacity be based on a 10 mg/L PAC dosage and a WTP flow rate that is 10 percent above the
annual daily demand (ADD) flow rate. Our analysis in Chapter 4 indicates that the ADD to (peak
day demand (PDD) ratio is 1.75. The ADD plus 10 percent will be a firm 19 mgd, 26.4 mgd, and
34 mgd, respectively, when the MDD is 30, 42, and 54 mgd, respectively. The corresponding
required PAC system capacities would be 1,600 ppd, 2,200 ppd, and 2,800 ppd, as summarized in
in Table 6-3.
Table 6-3 Summary of Powdered Activated Carbon System Capacity Requirements
Maximum Day Demand, mgd

Average Day Demand (+10%)

PAC System Capacity, ppd

30

19

1,600

42

26.4

2,200

54

34

2,800

6.4.6.5 Polymer Systems

The existing polymer systems should be improved by adding spill containment curbs around the
chemical supply drums and tote bins and metering pumps. If possible, grating should be installed
above the spill-containment areas.
6.4.6.6 Polyaluminum Chlorohydrate

The PACL system includes a tote bin, two chemical metering pumps, and chemical conveyance
pipelines between the tote bin and metering pumps in the Operations Building Chemical Feed and
Metering Pump Room and between the metering pumps and two feed points. The two feed points
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include the flash mixer on the 36-inch diameter raw water pipeline in the Operations Building
basement and the membrane system flash mixer.
The metering pumps are located in the metering pump room in the Operations Building basement.
Each of the two PACL metering pumps capacity is 11 gph.
6.4.6.7 Hydrofluosilicic Acid System

The hydrofluosilicic acid system includes two 3,000-gallon storage tanks, one day tank, two
metering pumps, and hydrofluosilicic acid pipelines between the two storage tanks and day tank,
between the day tank and metering pumps in the hydrofluosilicic acid secondary containment
space and between the metering pumps and feed point on the 60-inch diameter treated water
pipeline in the Filter Gallery.
Each of the two storage tanks are approximately 8-feet in diameter and 8-feet tall, and each tank
has capacity to store 3,000 gallons of hydrofluosilicic acid solution.
The two metering pumps are located in an equipment system cabinet. The two fluoride metering
pumps’ capacity is 5 gph (each). Discussions with WTP staff indicate that the City reconditioned
the hydrofluosilicic acid system in Spring 2018.
6.4.7 Electrical Service and Instrumentation & Control

The YCWTP currently does not have sufficient generator capacity to power all of the plant
processes. At the request of the City, TJC & Associates, subconsultant to West Yost, prepared a
generator load study, to evaluate possible options for sizing one or more new generators for the
plant. The load study is included in Appendix C. The load study evaluated increasing generator
capacity at the LLPS, increasing generator capacity at the YCWTP and HLPS, and putting
generator capacity at the YCWTP for the LLPS, YCWTP and HLPS.
The analysis was based on the following assumptions:
•

Base plant loads estimated using earlier reports and results from the condition assessment

•

Diesel powered, standard commercial sizes operating at 480-volt, 3-phase

•

Modeled soft starting technology for motor loads over 50 horsepower (HP)

•

Modeled individual step starting for motor loads over 100 HP4

•

Modeled parallel generator options if a single generator was unable to meet
load requirements

Table 6-4 summarizes the generator sizing options that were evaluated.

4

An exception to this assumption is that the initial starting step allows for the operation of two 300 HP high lift pumps
to assist in alleviating potential hydraulic surge.
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Table 6-4. Generator Options for Yuba City Water Treatment Plant
Generator
Size,
kilowatts

Comparative
Cost

Notes

Low Lift Pump Station
350

Low

Replace existing generator in kind. Operate three 100 HP pumps.

350

Low

Larger pumps at LLPS to maximize available intake capacity, replace
existing generator in kind. Operate three 125 HP pumps.

450

Medium

Larger pumps at LLPS to maximize available intake capacity. Operate
three 125 HP pumps.

750

High

Full capacity of existing pumps. Operate six 100 HP pumps.

800

High

Full capacity of larger pumps. Operate six 125 HP pumps.

YCWTP (Water Treatment Plant Plus High Lift Pump Station)
800

Low

Replace existing generator in kind. Conventional or membrane filters
plus two HLPS pumps.

1750

Medium

Conventional or membrane filter plus four HLPS pumps.

800, 1500

Medium

Full plant load.

2,500

High

Full plant load.

1,100, 1,100

Very High

Full plant load.

YCWTP (Water Treatment Plant Plus High Lift Pump Station) and LLPS
1750, 1,750

Very High

Full plant load and LLPS.

2,000, 2,000

Very High

Full plant load and larger LLPS.

The study concluded the following:
•

Strengthening electrical infrastructure at the LLPS alone poses some risk, since
seasonal river high water can isolate the facility from the YCWTP.

•

Coordination of the standby power infrastructure and treatment/pumping capacity
should consider risk factors correlated with seasonal water demand; the summertime
demand is high, while the winter demand (with higher risk of river flooding) is lower.

•

Generator sizing should factor in planning for future capacity expansion and/or
treatment improvements. The scheme chosen should allow for future planned
upgrades and associated electrical load increases.

•

Ultimately, the electrical requirements of the YCWTP and LLPS should be selected
to match the process requirements and should not exceed expected treatment and
pumping capacity determined necessary during utility outage conditions.

Electrical, instrumentation and controls findings from the condition assessment are presented in
Chapter 9 and associated appendices.
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6.4.8 Structural Evaluation and Condition

Structural evaluation findings from the condition assessment are presented in Chapter 9 and
associated appendices.
6.5 RECOMMENDED WATER TREATMENT PLANT IMPROVEMENTS

Three WTP project categories are described below. The first includes near-term improvements
that are needed to recondition or replace existing equipment that is at or near the end of its service
life, and to replace systems or equipment that do not meet current regulatory requirements or that
are anticipated will not meet future regulatory requirements. The second is the first (Phase 1)
increase in capacity from the current firm 30 mgd to a firm 42 mgd prior to the time that MDD
will exceed 30 mgd. The third is the second (Phase 2) increase in capacity from the future firm
42 mgd to a firm 54 mgd.
Each of the two proposed WTP capacity increase increments are 12 mgd because constructing part
of a pair of filters or only one membrane system cell would not be practical. The first firm 12 mgd
increase would include constructing either one or two of the three previously planned additional
conventional pretreatment basins with a firm 8 mgd capacity each that would be required to
increase treatment capacity in Phase 2 to the City’s anticipated build-out capacity of 54 mgd.
6.5.1 Near-term Improvements and Rehabilitation Projects

Improvements to correct existing system deficiencies are listed below, in Table 6-5, by process
area. These improvements are budgeted as Near-Term Improvements, to be completed during the
next 5 years.
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Table 6-5. YCWTP Improvements to Correct Existing Deficiencies
Process and Recommended Improvement
Pre-Treatment
•
•
•

•

Replace the six original flocculation units and augers located in both the West and Center Pretreatment
Trains with new equipment.
Apply a protective coating system to each of the three existing pretreatment trains’ wetted surfaces.
Depending on the recommended plant scale evaluation of pretreatment basins when operating at 12 mgd
flow rate per train, increase the existing launders’ length to reduce the clarified water’s rise rate and
improve the sedimentation zone performance.
Install a grit removal system ahead of the rapid mixers that can remove a significant portion of fine sand
and silt-size particles that are carried into the pretreatment basins, especially during periods when the River
flow rate is high.

Granular Media Backwash
•

Add second backwash pump to provide redundancy

Clearwells
•

Construct a Clearwell Water Level Control Weir Structure adjacent to the 60-inch diameter treated water
pipeline between East Clearwell and the HLPS and modify the treated water pipeline to maintain the
required minimum water level in East Clearwell (and future Clearwell No. 4) needed to provide the
required disinfection contact time.

Chemical Systems
•

•
•
•
•

Replace the existing chlorine gas system with a new hypochlorite system that includes storage tanks and
metering pumps (to be implemented at time of Phase 1 improvements to expand WTP capacity to
42 mgd).
Replace the existing powdered activated carbon (PAC) system with a new PAC system.
Replace the original 49-year old rubber-line steel alum storage tank with a new high-density polyethylene
tank.
Modify the existing chemical metering pump room to provide a safer work environment.
Construct a new chemical building that includes separate secondary chemical containment spaces that
provide a code-compliant separation between incompatible chemicals (acids and bases, and also
oxidants and reactive chemicals).

Spent Filter Backwash Water and Solids Handling Facilities
•

•

•
•

•

•

Replace the original spent filter backwash water and sedimentation basins’ sludge “spent backwash water
pipeline” located beneath the utility corridor in the Operations Building basement with a new 36-inch
diameter pipeline that will send spent backwash water and sludge to a new Spent Backwash Water Sump
located on the north side of the pretreatment trains. The new 36-inch diameter waste washwater pipeline
can be installed in the utility corridor located between the west and center pretreatment trains in the area
originally reserved for a second 36-inch diameter raw water pipeline.
Connect the filters’ spent filter backwash water pipelines, filter-to-waste pipelines, membrane system’s
waste back-pulse pipelines, and sedimentation basins’ sludge discharge pipelines to the new spent
backwash water pipeline.
Construct a new spent backwash water pump station in the area between the pretreatment trains and the
spent backwash water ponds.
Depending on City preferences, send the spent backwash water to the existing ponds or construct a new
spent backwash water and sludge clarifier that permit reclaiming about 90 percent of the spent backwash
water currently sent to the ponds.
After the new Spent Backwash Water Sump and Pump Station is operational, remove the original spent
backwash water pump station’s pumps, clean and disinfect the Spent Backwash Water Sump, and plug
and seal the original spent backwash water pipeline.
Modify the cleaned and disinfected spent backwash water sump to permit installing one or two new
pumps that provide additional HLPS pump capacity. This will require extending the 36-inch diameter
HLPS manifold to include the two new pumps.
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6.5.2 Improvements to Expand YCWTP

Depending on growth and increases in demand for treated water during the next 2 to 5 years, the
City should begin planning for its next capacity increase at the LLPS, WTP, and HLPS including
adding new pretreatment and filtration system equipment, and HLPS that provide an additional firm
12 mgd capacity during its 5 to 10-year planning horizon, and an additional 12 mgd capacity increase
during its next 10 to 20-year planning horizon. Improvement needs are summarized in Table 6-6.
Table 6-6. YCWTP Improvements for Future Growth
Phase and Recommended Improvement
Phase 1 – Expand YCWTP to 42 mgd
•
•
•
•
•
•

Construct new 24 mgd river intake and LLPS (or 12 mgd of collector wells)
Construct new 24 mgd raw water pipeline to YCWTP
Expand conventional pre-treatment process with two 8 mgd treatment trains
Expand filtration capacity by 12 mgd (conventional granular media filters or membranes).
Expand HLPS to 47 mgd
Replace chlorine gas system with new hypochlorite storage and feed system.

Phase 2 – Expand YCWTP to 54 mgd
•
•
•
•
•
•

If collector wells used, add 12 mgd of collector well capacity
Add 12 mgd of pumping capacity at new LLPS
Expand conventional pre-treatment process by 8 mgd
Expand filtration capacity by 12 mgd (conventional granular media filters).
Construct Clearwell No. 4
Expand HLPS to 57 mgd and construct new treated water PL to distribution system.

6.6 RECOMMENDED NEAR-TERM WATER TREATMENT ASSESSMENT

Given the differences in City staff’s perspective regarding the relative advantages, benefits, and
costs of the membrane filtration system and the conventional filtration process and their
performance, and the critical importance of making the best-possible decision about which water
treatment process is best-suited to treat the City’s source water supply to produce
regulatory-compliant treated water that meets all of the requirements identified in Section 6.2, we
recommend that the City implement a comprehensive water treatment process operation and
monitoring program. This program should be used to accumulate operating data that will be needed
to permit the preliminary design for the future Phase 1 YCWTP expansion project to select the
best water treatment process for the 12 mgd of required capacity increase.
Based on the projected rates of increase in treated water demand discussed in Section 3.4 Water
Demand Projections, the City should have at least two years (and possibly five or more years) to
monitor and accumulate the required water treatment process operating and performance data that
will be needed during the preliminary design phase to determine which treatment process provides
the most reliable and cost-effective method of increasing treatment capacity from 30 mgd to
42 mgd. As discussed above in sections 6.4.3.5 and 6.4.3.7, the membrane system has not been
able to operate at its predicted treatment capacity. The 2012 – 2016 operating data indicate that
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the membrane system has been limited to about 70 percent of its peak design capacity during
relatively high production months and has produced between one-third and one-half of its intended
capacity during these high-production months.
Both the conventional filtration process and the membrane system should be “stress tested” during
the next two or more years to determine what each treatment train’s capacities are, as well as what
their operating constraints currently are. In addition, the next two or more years should provide
adequate time to schedule an evaluation and comparison of both the membrane system’s ability to
remove the NOM fractions that tend to be disinfection byproduct-precursors both with and without
addition of a coagulant ahead of the membrane system and the conventional filtration treatment
process as described in Section 6.4.2.5.
As discussed in Section 6.4.2.7, our estimated conceptual-level construction cost to add a new
conventional filtration treatment process with identical components to the existing pretreatment
basins and filters is about 50 percent higher than our estimated conceptual-level construction cost
for both the two alternative pretreatment processes (Actiflo and contact clarification) discussed in
Section 6.4.1.1.3.1 in conjunction with adding two new granular media filters, and also our
estimated conceptual-level construction cost to install two new membrane cells identical to the
two existing membrane cells. The firm capacity of the two existing membrane filter cells, including
accounting for lost production capacity during the time required for membrane back-pulse
cleanings, extended flux maintenance, and clean-in-place cleanings’ periods as a fraction of the
membrane system’s production capacity should be carefully assessed, as should the conventional
filtration system’s net water production capacity. The treated water quality from both water
treatment processes with respect to filtered water turbidity and disinfection byproduct precursor
removal and formation potential should also be reviewed as part of this treatment process
evaluation program.
Finally, water treatment process evaluation should also determine the impact of operating both the
conventional filtration treatment process and membrane system at their rated capacities on spent
backwash water production. This information should be used to refine the analysis of the amount of
spent filter backwash water that is sent to one of the two existing spent backwash water (percolation)
ponds and on the projected opportunity to recover between one-half and one mgd of spent backwash
water and its associated cost per acre-foot of spent backwash water that can be recovered.
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This chapter presents the evaluation of the existing distribution system. The evaluation used the
existing water demands and the criteria in Chapter 5 to evaluate the existing distribution system
and its ability to meet the recommended planning and design criteria.
West Yost conducted this evaluation using an updated hydraulic model, as described in
Appendix D. Evaluations, findings and recommendations for addressing deficiencies identified in
the City’s existing system are included in this chapter. Recommendations are used to develop a
recommended Capital Improvement Program (CIP), which is described further in Chapter 10.
The following sections present the evaluation methodology and results from the existing service
area water distribution system evaluation:
•

Existing Water Demands

•

Existing Distribution System Facility Capacity Evaluation

•

Existing Distribution System Performance Evaluation

•

Summary of Findings and Recommended Improvements for the Existing
Distribution System

7.1 EXISTING WATER DEMANDS

The City water demands used for the existing service area water system are summarized in
Table 7-1. The existing water demands for the City’s water system were spatially located in the
hydraulic model using metered account information from 2013. The Average Day Demand of
15.3 mgd (10,625 gpm) represents the average annual production from 2013 converted to an
average daily flowrate. Maximum Day and Peak Hour Demands were calculated based on the
adopted peaking factors of 1.6 times the Average Day Demand and 1.44 times the Maximum Day
Demand, as described in Chapter 3, which are the actual peaking factors from 2013.
The annual average production from 2013 was used as the City’s “base” water year for the capacity
and hydraulic evaluations because recent water use (2014, 2015 and 2016) in the City has
decreased significantly. Reductions in recent water use are due to unusually prolonged drought
conditions, and unprecedented state-mandated water use restrictions, and severe local water
conservation measures, and would not be representative of typical water use. Therefore, use of the
production from 2013 provides a more conservative assumption for planning purposes and
development of the recommended CIP.
Table 7-1. Existing Service Area Water System Baseline Demands
Average Day Demand(a)

(a)

(b)
(c)

Maximum Day Demand(b)

Peak Hour Demand(c)

gpm

mgd

gpm

mgd

gpm

mgd

10,625

15.3

17,014

24.5

24,486

35.3

The Average Day Demand is based on spatially located meter demands within the City; and is adjusted to match average
production for 2013 (see Table 3-6).
Maximum Day Demand calculated using a peaking factor of 1.60 times the Average Day Demand (see Table 3-6).
Peak Hour Demand calculated using a peaking factor of 1.44 times the Maximum Day Demand (see Section 3.2.6).
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7.2 EXISTING DISTRIBUTION SYSTEM FACILITY CAPACITY EVALUATION

To evaluate the existing service area water facilities, the following analyses were conducted:
•

Pumping Capacity Evaluation

•

Storage Capacity Evaluation

The results of the existing service area water facility analyses are discussed below.
7.2.1 Pumping Capacity Evaluation

The existing pumping capacities of the City’s HLPS at the WTP and booster pump stations at the
water storage tanks were evaluated to assess their ability to deliver a reliable firm capacity to the
existing service area’s water system. As summarized in Table 2-5, the City currently operates the
HLPS at the WTP and five storage tanks with associated booster pumping stations. The City is
considering abandoning the two smallest of the storage tanks and their associated booster pumping
stations, although they are assumed to be in service for the existing system evaluation.
Firm pumping capacity assumes a reduction in total pumping capacity to account for booster
pumps or wells that are out of service at any given time due to mechanical breakdowns, routine
maintenance, other operational problems or water quality issues. At each tank booster station, firm
booster pumping capacity is defined as the total booster pump station capacity with the largest
pump out of service, and therefore not counted towards the total.
The pumping capacity criterion for the City, described previously in Chapter 5, requires the City’s
water system, including pump stations at distribution system tanks, to have sufficient firm pumping
capacity to meet the greater of either a Maximum Day Demand with the highest fire flow event or
a Peak Hour Demand. Table 7-2 compares the existing firm pumping capacity with the required
firm pumping capacity for existing water demand conditions.
The City provided an additional pumping criterion, which requires sufficient capacity at the HLPS
to meet Maximum Day Demand and to refill one third of the system storage located outside of the
WTP within a 12-hour period. Table 7-2 compares the existing firm capacity of the HLPS with the
required firm pumping capacity to meet Maximum Day Demand plus the tank refill requirement.
As indicated in Table 7-2, there is an existing pumping capacity surplus of 16,420 gpm (23.6 mgd)
with existing facilities. However, the City is evaluating the feasibility and cost-effectiveness of
abandoning the Rowe and Sam Brannan tanks with their associated pumping facilities, so the
analysis was also performed excluding the pumping facilities at these two tanks. Table 7-2
indicates that the existing pumping capacity surplus is 14,800 gpm (21.3 mgd) when the pumping
facilities at Rowe and Sam Brannan are excluded. Table 7-2 indicates that the existing pumping
capacity surplus at the HLPS is 379 gpm (0.5 mgd) when considering the criterion to meet
Maximum Day Demand plus Tank Refill.

7-2
January 2019
w\c\285\12-17-12\wp\mp\052617_Ch7

City of Yuba City
Water Treatment Plant and
Distribution System Master Plan

Table 7-2. Comparison of Existing and Required Pumping Supply Capacity

Supply Sources

Existing
Existing
Maximum
Peak Hour
Day Demand, Demand,
gpm(a)
gpm(b)

High Lift Pump Station

Garden/Burns

Harter
17,014

24,500

Rowe
Sam Brannan

Sanborn

Total
(a)

Existing Pumping Capacity, gpm
Pump
Firm
Capacity,
Capacity,
Pump
gpm(c)
gpm(d)
Number
10
4900
11
6250
12
4900
22300
13
6250
14
6250
1
1560
3,120
2
1560
3
1560
1
670
2
670
6,940
3
2800
4
2800
5
2800
1
860
860
2
860
1
760
760
2
760
1
670
2
670
6,940
3
2800
4
2800
5
2800

Required Firm
Pumping
Capacity,
gpm(e)

Required Firm
Pumping
Capacity with
Tank Fill, gpm(f)

Supply
Capacity
Surplus
(Deficit), gpm

Supply Capacity
Surplus (Deficit)
without Rowe or
Sam Brannan, gpm

Supply Capacity
Surplus (Deficit)
at HLPS with
Tank Refill, gpm

24,500

21,921

16,420

14,800

379

40,920

Maximum day demand is based value reported in the 2013 Department of Public Health Annual Report.

(b)

Peak hour demand is 1.44 times the maximum day demand.

(c)

Capacity of Garden/Burns pump is listed as 1650 gpm in pump station information and 1560 gpm in the Asset Inventories. Lower value is used.

(d)

Firm pumping capacity is defined as the total pumping capacity of all operational pumps minus the capacity of the largest pumping unit.

(e)

Required firm pumping capacity is equal to either maximum day demand plus the highest fire flow event of 5.000 gpm, or peak hour demand, whichever is higher.

(f)

Required firm pumping capacity with tank refill is equal to maximum day demand plus pumping to fill 1/3 of distribution system storage in 12 hours, which is 4,900 gpm.
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7.2.2 Storage Capacity Evaluation

The principal advantages that storage provides for the water system are the ability to equalize
demands on supply sources, production facilities, and transmission mains; to provide emergency
storage in case of a supply failure; and to provide water to fight fires. The City’s service area water
system has available storage within its above-ground storage (i.e., storage tanks)
The City’s water storage capacity requirement is described in Chapter 5, and is as follows:
•

Operational storage equal to 25 percent of a Maximum Day Demand;

•

Emergency storage equal to 100 percent Average Day Demand; and

•

Fire flow storage equal to the required fire flow rates multiplied by their associated
fire flow duration periods, as required by the City’s Fire Department.

As discussed in Chapter 2, the City owns 16 wells located within the distribution system that are
not currently operated, and one well located at the WTP that can be operated but is rarely used.
The City is considering rehabilitating three of the wells within the distribution system and
installing another well at the WTP, in addition to the existing well at the WTP. These five wells
would be considered a backup supply for the City. With operational groundwater wells, the
groundwater basin can account for a portion of the recommended storage in the form of an
Equivalent Groundwater Emergency Storage Credit. On a system-wide basis, the minimum
Equivalent Groundwater Emergency Storage Credit is equal to zero and the maximum is equal to
the production capacity of the City’s active wells (wells that are currently on-line but do not pump
directly into the tanks) that have generators for back-up power, but not exceeding the equivalent
storage capacity of one day’s worth of the Average Day Demand. Additionally, the following must
be true for the City to use the groundwater basin as a supply source to offset the need to provide
additional at-grade storage tanks:
•

The groundwater supply must be reliably accessed (i.e., only active wells equipped
with fully functioning on-site auxiliary power);

•

The usable supply of Equivalent Groundwater Emergency Storage Credit is equal to
85 percent of the production capacity of the City’s active wells1.

The City’s existing wells and the new well planned at the WTP are listed in Table 7-3, along with
their estimated capacity and their equivalent groundwater emergency storage credit.
Regarding the clearwell storage at the WTP, approximately half of the volume of each of the three
tanks is not available for use as system storage, as it is reserved for disinfection credit. Therefore, the
effective storage capacity for each of the three clearwell storage tanks is used in the storage analysis.

The additional reduction of 15 percent in production capacity of the City’s active wells was conservatively
assumed to account of other miscellaneous operations/maintenance activities.
1
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Table 7-3. Existing and Planned Wells
Available Well Capacity, GPM
Well Capacity, GPM

Equivalent Emergency
Groundwater Storage Credit, MG

Current WTP Well

1,400

1.71

New WTP Well

1,500

1.84

Well 5

850

1.04

Well 8

800

0.98

Well 9

600

0.73

5,150

6.30

Well Facility

Total

The existing water storage facilities, in conjunction with the available Equivalent Groundwater
Emergency Storage Credit, were evaluated to determine whether the City’s existing water system has
sufficient storage capacity to provide the recommended operational, emergency, and fire flow storage.
The City is evaluating the feasibility and cost-effectiveness of taking the Rowe and Sam Brannan
tanks out of service, as these have been identified as being beyond their useful life. However, these
two tanks are included in the storage analysis for existing conditions, as they have not yet been
permanently taken out of service.
Table 7-4 provides a comparison of available and required storage capacity for the existing service
area. The Equivalent Groundwater Emergency Storage Credit from the five wells that the City
expects to maintain as operational is included in the analysis.
As indicated in Table 7-4, the storage capacity deficit is 6.3 MG when considering the currently
available storage capacity.
As indicated in Table 7-4, if the five wells are on-line and the Emergency Groundwater Storage
Credit is considered, all but 0.5 MG of the storage capacity deficit is eliminated. Use of the WTP
wells would require that the YCWTP treatment and high lift pump station are available to supply
water to the system. Use of the former HWC wells assumes that the wells, once rehabilitated, are
capable of meeting primary drinking water standards.
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Table 7-4. Required Storage Capacity Under Existing Demand Conditions with Groundwater Storage Credit
Available Storage Capacity, MG

Storage Facility
WTP Clearwell
WTP Clearwell
WTP Clearwell 3
Garden/Burns
Harter
Harter
Rowe
Sam Brannan
Sanborn

Well Facility

Current WTP Well
New WTP Well
Well 5
Well 8
Well 9

Effective
Reservoir
Reservoir
Capacity,
Capacity, MG(a)
MG
2.0
1.0
2.0
1.0
4.0
2.0
3.0
3.0
2.0
2.0
2.0
2.0
1.0
1.0
1.0
1.0
3.6
3.6
Equivalent
Well
Groundwater
Capacity,
Emergency
gpm
Storage Credit
(MG)
1400
1.71
1500
1.84
850
1.04
800
0.98
600
0.73

Total Available
Storage,
Total Available
Including
Storage, Without
Emergency
Emergency
Storage Credit Storage Credit

16.6

Operational Criteria
Maximum Day
Percent of
Demand,
Maximum Day
Average Day
mgd(b)
Demand(c)
Demand, mgd

22.9

(a)

Half of clearwell storage is reserved for disinfection credits and is not available.

(b)

Maximum day demand is based on value reported in the 2013 Department of Public Health Annual Report.

(c)

Operational storage is 25 percent of maximum day demand (see Table 5-1).

15.3

24.5

(d)

Emergency storage is 100 percent of average day demand (see Table 5-1).

(e)

Based on demand for the most severe fire recommended in the service area multiplied by the corresponding recommended fire flow duration.
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25%

Required Storage Capacity, MG
Emergency Criteria

Operational

Percent of
Average Day
Demand(d)

Emergency

Fire Flow(e)

6.1

100%

15.3

1.5

Total Required
Storage

Storage Surplus
(Deficit) Without
Emergency
Storage Credit,
MG

Storage Surplus
(Deficit) including
Emergency
Storage Credit,
MG

22.9

(6.3)

(0.0)
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7.3 EXISTING DISTRIBUTION SYSTEM PERFORMANCE EVALUATION

The purpose of the existing water system performance evaluation is to identify necessary
improvements to support the City’s existing water demands while meeting the City’s
recommended water system planning and design criteria, presented in Chapter 5. The evaluations
listed below were performed to assess the water system performance under existing potable water
demand conditions. All simulations except for the fire flow scenario were performed as “Extended
Period Simulation” (EPS) scenarios, where hourly demands are simulated and pumps are operated
based on water system controls, to simulate hourly operation of the system over the course of a
day. Fire flows were steady-state, or snapshot in time simulations, using average maximum day
demands to test available fire flow.
•

Normal Operations – Maximum Day Demand EPS Scenario with Tank Refill: This
scenario evaluated service pressures in the system during a Peak Hour and Maximum
Day Demand condition.

•

Normal Operations – Winter Day Demand EPS Scenario: This scenario evaluated
water age within the distribution system during a Winter Day Demand condition.

•

Emergency Operations – Maximum Day Demand (Steady-State) plus Fire Flow
Scenario: This scenario evaluated fire flow availability in the system under a
Maximum Day Demand condition.

•

Emergency Operations – Outage Scenario 1 (EPS): This scenario evaluated the
ability of the system to operate under a Maximum Day Demand condition without the
Rowe and Sam Brannan tanks.

•

Emergency Operations – Outage Scenario 2 (EPS): This scenario evaluated the
ability of the system to operate under a Maximum Day Demand condition without the
HLPS facilities.

•

Emergency Operations – Outage Scenario 3 (EPS): This scenario evaluated the
ability of the system to operate under an Emergency Day Demand condition of
7.1 mgd with no surface water supply to the WTP. Supply is from three wells located
within the distribution system, two wells located at the WTP (requiring treatment),
and one connection to the Marysville system.

The water system hydraulic model developed and updated for the WTP and Distribution System
Master Plan was used to evaluate the existing water system performance. The existing water
system is expected to deliver Maximum Day Demand flows, Peak Hour Demand flows, Minimum
Hour flows, and Maximum Day Demand plus Fire Flow within the acceptable pressure, velocity,
and head loss ranges as identified in the water system performance and operational criteria
presented in Chapter 5.
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7.3.1 Normal Operations – Maximum Day Demand Scenario with Tank Refill
7.3.1.1 Evaluation Overview

An extended period simulation (EPS) was used to evaluate system performance under an existing
Maximum Day Demand condition. As shown in Table 7-1, the Maximum Day Demand for the
existing water service area was calculated to be 17,014 gpm (24.5 mgd). A diurnal pattern was
applied to the Maximum Day Demands for the EPS scenario, which scaled the demand up or down
at each hourly time step during the simulation to mimic typical variations in demand. The Peak
Hour Demand is the hour in which the highest demands occur during the Maximum Day Demand
scenario. As shown in Table 7-1, the Peak Hour Demand for the existing service area was
calculated to be 25,521 gpm (36.8 mgd).
This analysis assumes that the Maximum Day Demand would be met by a combination of surface
water supplied by the WTP and storage tanks via their associated booster pump stations. For this
analysis, it was assumed that the Garden storage tank supplied water to the system starting at 6 AM
via two booster pumps during the peak usage period. The pumps continue to pump until the Garden
storage tank level reaches two thirds full. The Garden storage tank was then refilled beginning at
11:30 PM through a pressure sustaining valve, which maintains system pressure at 45 psi. While the
results presented are for an operational scenario including refill of the Garden tank, similar scenarios
were analyzed for refill of the Sanborn and Harter tanks. As the results for the three scenarios were
very similar, only the results for the scenario that includes the Garden tank are presented.
Under both Maximum Day and Peak Hour Demand conditions, a minimum of 40 psi and a
maximum of 60 psi must be maintained at a service connection throughout the entire water system.
In addition, it is recommended that the maximum velocities should not exceed 7 fps in transmission
or distribution pipelines, to help minimize energy (pumping) costs and excessive head loss due to
undersized pipelines.
7.3.1.2 Evaluation Results

Results from the EPS Maximum Day Demand conditions indicate the existing water system can
meet the City’s minimum pressure criteria at all customer service locations, as shown on
Figure 7-1. The results shown on Figure 7-2 indicate that there are locations where pressures are
greater than 60 psi, although the pressures do not exceed 65 psi. Under this scenario, pressures
vary between 44 psi and 63 psi.
The simulated velocity results for the Maximum Day Demand simulation indicate that almost all
pipelines within the City’s water system met the velocity criteria of a maximum of 7 fps. The
pipelines that do not meet the criteria tend to be short pipelines that cause small amounts of
headloss. Pressures meet criteria in these locations, so these were not flagged as deficient.
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7.3.2 Normal Operations – Winter Day Demand Scenario

An EPS simulation was used to evaluate system performance and water age under a Winter Day
Demand condition. The Winter Day Demand for the existing water service area was calculated to
be 5,449 gpm (7.8 mgd). A diurnal pattern was applied to the Winter Day Demands. The water
levels in the Harter, Sanborn and Garden tanks were set to be no more than two thirds of the total
tank depth, which is how the City operates these tanks in the winter. The tanks were set to have
two of their associated booster pumps turn on at 6 AM and continue to pump until one third of the
total tank volume had been pumped into the system. At midnight on that same day, the altitude
valve for that tank opens and refills the tank while maintaining a minimum of 45 psi in the system.
This occurs at one of the three tanks each day, cycling through the three tanks every three days.
Sanborn Tank is set to be a completely mixed tank, as the tank is equipped with a mixer. Harter
and Garden tanks are set to be first-in-first-out with no mixing.
7.3.2.1 Evaluation Results

Figures 7-3 and 7-4 show the results of the water age analysis. Figure 7-3 shows the maximum
water age at each location within the distribution system. Figure 7-4 shows the average water age
at each location within the distribution system.
The results show that there are certain parts of the system with average water ages older than
10 days. However, these are all isolated areas of the system that do not have demands in the model,
such as on dead-end pipelines. One example of this pipeline in Franklin west of Harding. This
area, including the Wildwood West neighborhood, does not have demands in the hydraulic model
and shows long water ages. This pipeline was constructed after 2013. The demands contained in
the model were based on the 2013 water meter data. Therefore, there was no meter data for this
area, as these pipelines did not exist in 2013.
The results show that there are certain parts of the system with maximum water ages older than 10
days. While some of these are the same isolated areas of the system without demands in the model,
as discussed above, there are other areas as well. These include smaller areas near the Sanborn and
Garden tanks, and almost all of the system west of the Harter tank. This generally occurs when the
booster pump stations at each of these tanks is pumping water out of the tank. Water ages within
the tank, and when the older water is pumped out of the tank into the system, this produces the
older water ages that appear on Figure 7-3.
Regarding the maximum water ages, in areas relatively close to storage facilities, the water age
tends to vary according to when the booster pumps are turned on. The water in the storage tanks
ages as it is stored. When the booster pumps pump this water into the system there is a noticeable
increase in water age near the tank.
The results shown on Figures 7-3 and 7-4 are for the specific set of parameters used in the scenario
in the hydraulic model. Water age is a general surrogate for water quality and chlorine residual
within the distribution system, although there are other factors that can affect water quality and
chlorine residual. The results from the water age analysis can be used as a guide to illustrate areas
of the system where storage facilities might need more careful management to improve water
quality and chlorine residual.
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7.3.3 Emergency Operations Scenarios – Maximum Day Demand Plus Fire Flow
7.3.3.1 Evaluation Overview

To evaluate the existing service area water system under the Maximum Day Demand plus Fire
Flow scenario, InfoWater’s “Available Fire Flow Analysis” tool was used to determine the
available fire flow while maintaining a minimum residual pressure of 20 psi at all service junctions
within the service area. For the existing system fire flow analysis, key junctions that represent
hydrant locations were evaluated to determine the available flow that can be provided, in addition
to meeting the Maximum Day Demand. The analysis assumed that the system was supplied only
by the HLPS. The storage tanks within the distribution system and their associated booster pump
stations are off-line and not operating. While it is conservative to assume that none of the booster
pump stations are operating, the analysis determined that operation of the booster pump stations
had little effect on the results of the fire flow analysis. Therefore, they were assumed to be off-line
and not operating in the results presented. Maximum velocity was not considered in the evaluation
because it is a secondary design criterion. However, the maximum velocity criteria were used to
size proposed improvement projects.
As discussed in Chapter 5 System Planning and Performance Criteria, recommended fire flow
criteria are established for new developments. Currently, the City does not have a specific policy
requiring the replacement of pipelines or other mitigation measures to meet current fire flow
standards since much of the existing distribution system is older and was designed to meet standards
in place at the time of previous development. However, as discussed in more detail below, many of
the tested locations did not meet the recommended fire flow requirement, suggesting that some
pipelines could be upsized as part of a pipeline renewal and replacement program.
7.3.3.2 Fire Flow Evaluation Results

Figure 7-5 summarizes the fire flow results at each tested hydrant location, showing the residual
pressure while meeting the fire flow requirement. As shown on Figure 7-5, there are many
locations that do not meet the recommended fire flow criteria. The majority of the failed tested
locations are due to areas with small diameter pipelines, areas with larger fire flow requirements
(i.e., 4,000 gpm) with undersized pipelines, or lack of looping where high head losses (due to
undersized mains) limit the ability to provide the required flow while maintaining pressures above
20 psi. In general, upsizing the City’s small diameter pipelines (i.e., upsizing pipelines that are less
than or equal to 6-inches in diameter) would alleviate the majority of the deficiencies. However,
full replacement of these pipelines in the near-term to address all of the existing fire flow
deficiencies would be impractical and cost-prohibitive. Pipelines that need to be upsized to meet
current fire flow requirements are included in the pipeline renewal and replacement program
presented in Chapter 9, to identify highest priority pipelines for replacement.
Potential improvements are summarized on Figure 7-6. Figure 7-7 summarizes the fire flow results
and the available fire flow at each tested location, respectively, with the improvements described
above incorporated.
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7.3.4 Emergency Operations Scenarios – Outage Scenario 1
7.3.4.1 Evaluation Overview

Outage Scenario 1 consists of analyzing the system without the Rowe and Sam Brannan storage
facilities. An EPS simulation was used to evaluate system performance under existing Maximum
Day Demand. The conditions for this scenario are the same as for the scenario for Normal
Operations – Maximum Day Demand Scenario with Tank Refill because the Rowe and Sam
Brannan tanks were not operated in that scenario.
7.3.4.2 Outage Scenario 1 Evaluation Results

As Outage Scenario 1 is the same as the Scenario for Normal Operations – Maximum Day Demand
with Tank Refill, the results are the same.
Results from the hydraulic analysis indicate the existing water system can meet the City’s
minimum pressure criteria at all customer locations. These results are displayed on Figure 7-1.
7.3.5 Emergency Operations Scenarios – Outage Scenario 2
7.3.5.1 Evaluation Overview

Outage Scenario 2 consists of analyzing the system without the HLPS. An EPS simulation was
used to evaluate system performance under existing Maximum Day Demand. The pumps at the
HLPS were turned off. The pumps at the remaining five storage facilities are set to supply the
system, including the Harter, Sanborn, Garden, Rowe and Sam Brannan tanks. The storage
facilities were assumed to be two-thirds full at the beginning of the simulation.
7.3.5.2 Outage Scenario 2 Evaluation Results

The results of the scenario show that the system can maintain pressures above 40 psi for the first
three hours of the simulation and then can maintain pressures above 20 psi for an additional two
hours. At that point, the tanks begin to empty, and the system can no longer maintain adequate
pressures. Therefore, the system can maintain pressures that meet the criteria, but only for a limited
amount of time. Figure 7-8 shows the system pressures at Hour 5 of the simulation.
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7.3.6 Emergency Operations Scenarios – Outage Scenario 3
7.3.6.1 Evaluation Overview

Outage Scenario 3 consists of analyzing the system when the surface water supply to the WTP is
out of service. An EPS simulation was used to evaluate system performance under an Emergency
Demand of 4,930 gpm (7.1 mgd), which was developed in the Emergency Water Supply Options
TM, included in Appendix E. The system was supplied by the five wells listed in Table 7-3, and a
planned interconnection with the City of Marysville located near the Fifth Street Bridge at the
intersection of Bridge Street and Sutter Street, which is assumed to provide a supply of 1,000 gpm
(1.44 mgd). Wells 5, 8 and 9 are assumed to pump directly into the distribution system at the
appropriate pressure at a constant rate from the facilities at their locations. The two wells at the
WTP are assumed to be treated at the WTP, so that they could be used to supply the system when
the WTP is out of service via the HLPS. The interconnection with the City of Marysville is
assumed to provide a constant 1,000 gpm at the appropriate pressure.
The total supply from the five wells and the interconnection with the City of Marysville is
5,050 gpm (7.3 mgd). Cal Water has indicated that it could potentially provide Yuba City with up
to 1,500 gpm through the interconnection with the City of Marysville. However, for this
simulation, only 1,000 gpm was needed.
7.3.6.2 Outage Scenario 3 Evaluation Results

Results from the EPS Emergency Demand Scenario indicate the existing water system can meet
the City’s minimum and maximum pressure criteria at all customer service locations as shown on
Figure 7-9. It should be noted that the Emergency Demands used in this simulation are lower than
the typical Winter Demands for Yuba City. This indicates that regardless of the time of year that
this Emergency Demand situation occurs, a reduction of demands would be required.
7.4 SUMMARY OF FINDINGS AND RECOMMENDED IMPROVEMENTS FOR THE EXISTING
DISTRIBUTION SYSTEM

Findings and recommended improvements to eliminate or reduce deficiencies resulting from the
evaluation of the existing service area are summarized below. These recommendations are used to
develop a recommended CIP, which is further described in Chapter 10.
•

Pumping Capacity: The existing service area water system was found to have a surplus
pumping capacity exceeding the required pumping capacity. No booster pump station
or groundwater well mitigation is recommended for existing conditions.

•

Storage Capacity: The existing service area water system was found to have a storage
capacity deficit of 6.3 MG. If the planned WTP well and rehabilitation of Wells 5, 8
and 9 are completed, to provide access to underground storage during emergencies,
this deficit is eliminated.
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•

Pipelines: The existing service area water system was found to have many areas that
are not capable of meeting current fire flow requirements, because they were
designed for lower fire flow requirements in effect at the time of installation. These
locations are very localized and generally occur in areas with small diameter
pipelines. To alleviate these deficiencies, several pipelines were identified for
potential replacement with larger diameter pipelines. Pipelines with fire flow less than
current fire flow criteria are considered in the pipeline replacement program,
presented in Chapter 9.
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This chapter presents the evaluation of the future distribution system. The evaluation used the
future water demands and the criteria in Chapter 5 to evaluate the future distribution system and
its ability to meet the recommended planning and design criteria.
West Yost conducted this evaluation using an updated hydraulic model that incorporates facilities
to provide service to projected growth areas as discussed in the sections below. The configuration
of the future system is based on the configuration from the prior water master plan, with updates
and adjustments provided by the City.
The analysis evaluated the proposed system provided by the City with the projected demands
developed in Chapter 3 and recommended adjustments to proposed sizing of facilities and
pipelines. Additionally, the system was evaluated with variations of the projected demands. The
recommended sizing of the proposed system was evaluated for further adjustments with the
addition of the demands for the Bogue Stewart area. The recommended sizing of the proposed
system was also evaluated for further adjustments by performing a sensitivity analysis by
decreasing demands by ten percent, and again by increasing demands by ten percent.
Evaluations, findings and recommendations for addressing deficiencies identified in the City’s service
area (at system buildout and for near-term phasing) are included in this chapter. Recommendations are
used to develop a recommended CIP, which is described further in Chapter 10.
The following sections present the evaluation methodology and results from the future service area
water distribution system evaluation:
•

Future Water Demands

•

Future Water System Configuration

•

Future Distribution System Facility Capacity Evaluation

•

Future Distribution System Performance Evaluation

•

Annexation of Bogue-Stewart Master Plan Area

•

Analysis on Sensitivity Evaluation with Demand Variations

•

Analysis of Near-Term Conditions

•

Summary of Findings and Recommended Improvements for the Future
Distribution System

8.1 FUTURE WATER DEMANDS

The City water demands used for the future water system service area are summarized in Table 8-1.
As discussed in Chapter 3, the existing demands were adjusted to match the SB X7-7 water use
target of 192 gpcd, assuming that water use for existing customers will be reduced in the future,
due to implementation of additional water conservation programs. Future water demands were
developed using unit water use demand factors based on the General Plan land use type. Based on
the remaining vacant acreage to be developed and the adopted unit water use demand factors, water
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demands were calculated at buildout. The resulting demands from the remaining vacant acreage
were then added to the adjusted existing baseline demands to develop an estimate of the future
water demands.
The future water demands for the City’s service area were spatially located in the hydraulic model
using the estimated vacant land use areas.
Table 8-1 also summarizes the demands used for the analysis of the system with the Bogue Stewart
area added to the demands developed with the General Plan land uses. Table 8-1 also summarizes
the demands used for the sensitivity analyses performed for the demands developed with the
General Plan land uses.
Table 8-1. Future Service Area Water System Demands
Average Day
Demand(a)
Service Area

Maximum Day
Demand(b)

Peak Hour
Demand(c)

gpm

mgd

gpm

mgd

gpm

mgd

Yuba City General Plan

19,500

28.0

34,100

49.0

49,100

71.6

Yuba City General Plan + Bogue Stewart MP

20,400

29.4

35,700

51.5

51,400

74.1

Low Estimate for Sensitivity Analysis

17,600

25.2

30,800

44.1

44,400

63.5

High Estimate for Sensitivity Analysis

21,500

30.8

37,600

53.9

54,100

77.6

(a)

(b)
(c)

The Average Day Demand is based on spatially located meter demands within the City is adjusted to reflect average
production for 2013 (see Table 3-6), as well as projected demands for vacant areas developed with unit water use factors
(see Table 3-9).
Maximum Day Demand calculated using a peaking factor of 1.75 times the Average Day Demand (see Section 3.2.5).
Peak Hour Demand calculated using a peaking factor of 1.44 times the Maximum Day Demand (see Section 3.2.6).

8.2 FUTURE SYSTEM CONFIGURATION

The buildout demand scenario assumes development of the City’s SOI, which generally includes
the extents of the General Plan land uses, as shown on Figure 3-5. The SOI is generally the same
as was analyzed in the City’s previous water master plan. Therefore, the configuration of the
system as developed in the previous water master plan was used as a starting point for the analysis
of the future system, along with updates and adjustments provided by the City. The following
paragraphs describe the development of the future system configuration used for this WTP and
Distribution System Master Plan, which is shown on Figure 8-1.
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In the previous water master plan, the future system included a high-pressure transmission main
loop. This transmission main loop was to be operated at approximately 110 psi, and was intended
to transmit water to proposed storage tanks within the distribution system. The transmission main
loop was to connect to the distribution through a limited number of pressure reducing valves.
Pressure in the distribution system was to be supported by the existing HLPS at the WTP, the
pressure reducing valves along the transmission main loop and from the pumping facilities at the
storage facilities in the distribution system.
The previous water master plan included proposed locations for additional storage and associated
pumping facilities within the distribution system, as well as proposed capacities for both the
storage and pumping facilities.
The updates and adjustments to the proposed system configuration from the previous water master
plan that were provided by the City included identifying which portions of the proposed
transmission main loop had been constructed, relocation of other portions of the transmission main
loop, and relocation or elimination of some of the storage and pumping facilities.
The fire flow improvements that were proposed in Section 7 during the analysis of the existing
system were incorporated into the future system. The purpose is to analyze if the proposed
improvements were properly sized to support the future demands.
For the analysis of the Bogue Stewart area, transmission mains were included in the system as
proposed by the developer for this area.
As the projected demands developed for this WTP and Distribution System Master Plan are
approximately 40 percent lower than the projected demands from the previous water master plan,
it was expected that some of the facilities proposed in the previous water master plan could be
reduced in size or capacity. The approach to the analysis of the future system consisted of
analyzing the system as proposed with the updates and adjustments from the City, and determining
if the facilities could be reduced or eliminated while still meeting the evaluation criteria. The
reduction in demand is primarily due to mandatory conservation and required implementation of
water conservation for new construction.
As the proposed transmission main loop was a central part of the system proposed in the previous
water master plan, it was the primary focus of this analysis. The analysis of the future system
detailed below revealed that the transmission main does not need to be operated at a higher pressure
than the rest of the distribution system. The lower projected demands resulted in less friction loss
in the transmission and distribution system, to the point where the system can operate at the same
pressure as the distribution system. Because of this, pressure reducing stations are not needed to
provide supply between the transmission and distribution systems. Additionally, the diameters of
the pipelines needed to complete the transmission main loop can be smaller than those proposed
by the City and in the previous water master plan. Further explanation is included in Section 8.4.
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8.3 FUTURE DISTRIBUTION SYSTEM FACILITY CAPACITY EVALUATION

To evaluate the future service area water facilities, the following analyses were conducted:
•

Future Pumping Capacity Evaluation

•

Future Storage Capacity Evaluation

The results of the future service area water facility analyses are discussed below.
8.3.1 Future Pumping Capacity Evaluation

The existing pumping capacities of the City’s HLPS at the WTP and booster pump stations at the
water storage tanks were evaluated to assess their ability to deliver a reliable firm capacity to the
future service area’s water system. As summarized in Table 2-5, the City currently operates the
High Lift pump station at the WTP and 5 storage tanks with associated booster pumping stations.
The City is considering abandoning the two smallest of the storage tanks and their associated
booster pumping stations.
Firm pumping capacity assumes a reduction in total pumping capacity to account for booster
pumps or wells that are out of service at any given time due to mechanical breakdowns, routine
maintenance, other operational problems or water quality issues. At each tank booster station, firm
booster pumping capacity is defined as the total booster pump station capacity with the largest
pump out of service, and therefore not counted towards the total.
The pumping capacity criterion for the City, described previously in Chapter 5, requires the City’s
water system, including pump stations at distribution system tanks, to have sufficient firm pumping
capacity to meet the greater of either a Maximum Day Demand with the highest fire flow event or
a Peak Hour Demand. Table 8-2 compares the existing firm pumping capacity with the required
firm pumping capacity for future water demand conditions.
As described in Section 7.2.1, the City provided an additional pumping criterion, which requires
sufficient capacity at the HLPS to meet Maximum Day Demand and to refill 10 percent of the
system storage located outside of the WTP within a 12-hour period. Table 8-2 compares the firm
capacity of the HLPS with the required firm pumping capacity to meet Maximum Day Demand
plus the tank refill requirement.
As indicated in Table 8-2, there is a future pumping capacity deficit of 12,100 gpm (17.4 mgd)
with existing facilities. As the City is evaluating the feasibility and cost-effectiveness of
abandoning the Rowe and Sam Brannon tanks with their associated pumping facilities, the analysis
was performed without considering the pumping facilities at these two tanks. Table 8-2 also
indicates that when considering the criterion to meet Maximum Day Demand plus Tank Refill, the
existing HLPS shows a pumping capacity deficit of 17,300 gpm (21.0 mgd).
When the capacities of the proposed pumping facilities at the WTP, Hooper tank, Royo Ranchero
tank and Franklin tank are included, Table 8-2 indicates that there is a future pumping capacity
surplus of 34,550 gpm (49.8 mgd). When the proposed increase in capacity at the HLPS is included
when considering the criterion to meet the Maximum Day Demand plus Tank Refill, Table 8-2
indicates that there is a future pumping capacity surplus of 1,450 gpm (2.1 mgd).
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Table 8-2. Required Pumping Supply Capacity Under Buildout Demand Conditions

Pumping Facilities

Existing Maximum Day
(a)
Demand, gpm

Existing Peak Hour
(b)
Demand, gpm

High Lift Pump Station

Garden/Burns

Harter

Rowe
Sam Brannan
35,700

Sanborn

51,400

Existing Pumping Capacity
Pump Capacity,
Firm Capacity,
Pump Number
gpm(c)
gpm(d)
10
4900
11
6250
12
4900
22,300
13
6250
14
6250
1
1560
3,120
2
1560
3
1650
1
670
2
670
6,940
3
2800
4
2800
5
2800
1
860
0
2
860
1
760
0
2
760
1
670
2
670
6,940
3
2800
4
2800
5
2800

Total

Required Firm
Pumping
Capacity, gpm(e)

51,400

Required Firm
Pumping Capacity
(f)
with Tank Fill, gpm

Supply Capacity
Supply Capacity
Surplus (Deficit), Surplus (Deficit) at
HLPS, gpm
gpm

(12,100)

(300)

Supply Capacity
Surplus (Deficit)
with Proposed
Facilities, gpm

Supply Capacity
Surplus (Deficit) at
HLPS with
Proposed
Facilities, gpm

34,550

1,450

39,600

39,300
Proposed Pumping Capacity

Firm Capacity,
mgd

Firm Capacity,
gpm(d)

N/A

27

18,750

N/A

7.7

5,300

Hooper

N/A

8

5,600

Royo Ranchero

N/A
N/A

8
16.4

5,600
11,400

Proposed Pumping
Facilities
WTP

Pump Number

Garden/Burns

Franklin
Total
(a)

46,650

Maximum day demand is based on demand projections in Chapter 3, and includes demands for the Bogue-Stewart area. See section 8.5 for detail.

(b)

Peak hour demand is 1.44 times the maximum day demand.

(c)

Capacity of Garden/Burns pump is listed as 1650 gpm in pump station information and 1560 gpm in the Asset Inventories. Lower value is used.

(d)

Firm pumping capacity is defined as the total pumping capacity of all operational pumps minus the capacity of the largest pumping unit.

(e)

Required firm pumping capacity is equal to either maximum day demand plus the highest fire flow event of 5,000 gpm, or peak hour demand, whichever is higher.

(f)

Required firm pumping capacity with tank refill is equal to maximum day demand plus pumping to fill 10% of distribution system storage in 12 hours, which is 3,800 gpm.
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8.3.2 Future Storage Capacity Evaluation

The principal advantages that storage provides for the water system are the ability to equalize
demands on supply sources, production facilities, and transmission mains; to provide emergency
storage in case of a supply failure; and to provide water to fight fires. The City’s service area water
system has available storage within its above-ground storage (i.e., storage tanks).
The City’s water storage capacity requirement is described in Chapter 5, and is as follows:
•

Operational storage equal to 25 percent of a Maximum Day Demand;

•

Emergency storage equal to 100 percent Average Day Demand; and

•

Fire flow storage equal to the required fire flow rates multiplied by their associated
fire flow duration periods, as required by the City’s Fire Department.

As discussed in Chapters 2 and 7, the City is considering rehabilitating three of the wells within
the distribution system and installing another well at the WTP, in addition to the existing well at
the WTP. The City’s existing wells and the new well planned at the WTP are listed in Chapter 7
in Table 7-3, along with their estimated capacity and their equivalent groundwater emergency
storage credit.
The existing water storage facilities, in conjunction with the available Equivalent Groundwater
Emergency Storage Credit, were evaluated to determine whether the City’s existing water system has
sufficient storage capacity to provide the recommended operational, emergency, and fire flow storage.
As the City is evaluating the feasibility and cost-effectiveness of taking the Rowe and Sam
Brannon tanks out of service, these two tanks are not included in the storage analysis for future
demand conditions.
Table 8-3 provides a comparison of available and required buildout storage capacity for the future
service area. The Emergency Groundwater Storage Credit from the five wells that the City expects
to maintain as operational is included in the analysis. The volume associated with the credit is
calculated as 85 percent of the total well capacity over a 24-hour period, with the 85 percent
representing firm capacity, assuming that some wells may not be available during the emergency.
Regarding the clearwell storage at the WTP, currently approximately half of the volume of each
of the three tanks is not available for use as system storage, as it is reserved for disinfection credit.
However, as mentioned in Chapter 6, a project is proposed at the WTP that will increase the
useable storage at each tank to approximately three quarters of the total storage. Likewise, the new
tank that is proposed at the WTP will also have approximately three quarters of its planned 4 MG
available for use as system storage.
As indicated in Table 8-3, if the five wells are on-line and the Emergency Groundwater Storage
Credit is considered along with the existing storage facilities, the buildout storage capacity deficit
is 20.8 MG. Including the Emergency Groundwater Storage Credit does not eliminate the future
service area storage capacity deficit.
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Table 8-3. Required Storage Capacity Under Buildout Demand Conditions with Groundwater Storage Credit

Storage Facility
WTP Clearwell
WTP Clearwell
WTP Clearwell 3
Garden/Burns
Harter
Harter
Rowe
Sam Brannan
Sanborn

Well Facility

Current WTP Well
New WTP Well
Well 5
Well 8
Well 9

Available Storage Capacity, MG
Total Available
Storage,
Effective
Including
Reservoir
Reservoir
Capacity,
Emergency
MG
Capacity, MG(a) Storage Credit
2.0
1.5
2.0
1.5
4.0
3.0
3.0
3.0
2.0
2.0
2.0
2.0
1.0
1.0
1.0
1.0
3.6
3.6
22.9
Equivalent
Well
Groundwater
Capacity,
Emergency
gpm
Storage Credit
(MG)
1400
1.71
1500
1.84
850
1.04
800
0.98
600
0.73

Operational Criteria
Maximum Day
Demand,
Average Day
Demand, mgd
mgd(b)

Percent of
Maximum Day
Demand(c)

Operational

Required Storage Capacity, MG
Emergency Criteria
Percent of
Average Day
Demand(d)

Emergency

Fire Flow(e)

Total Required
Storage

Storage Surplus
(Deficit), MG

(20.8)

29.3

51.4

25%

12.84

100%

29.3

1.5

43.7

Proposed Storage Capacity, MG

Storage Facility
WTP Clearwell 4
Garden/Burns 2
Hooper (f)
Royo Ranchero
Franklin

Reservoir
Capacity,
MG
4.0
3.3
4.0
4.5
6.0

Effective
Reservoir
Capacity, MG(a)
3.0
3.3
4.0
4.5
6.0

Total Available
Proposed
Storage

Storage Surplus
(Deficit) with
Proposed
Facilities, MG

20.9

0.1

(a)

With proposed improvements at the WTP, a portion of clearwell storage is reserved for disinfection credits and is not available.

(b)

Maximum day demand is based on demand projections in Chapter 3, and includes demands for the Bogue-Stewart area. See section 8.5 for detail.

(c)

Operational storage is 25 percent of maximum day demand (see Table 5-1).

(d)

Emergency storage is 100 percent of average day demand (see Table 5-1).

(e)

Based on demand for the most severe fire recommended in the service area multiplied by the corresponding recommended fire flow duration.

(f)

If three additional 1,200 gpm emergency supply wells are constructed for future emergency supply needs, as recommended in Chapter 4, Royo Ranchero Tank can be eliminated.
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When the capacity of the proposed storage tank at the WTP is included, along with the additional
tank at Garden/Burns and the proposed Hooper, Royo Ranchero and Franklin tanks, Table 8-3
indicates that there is no storage deficit. Therefore, the proposed storage tanks are sufficient for
the system to meet the storage criteria.
As indicated in Chapter 4, Section 4.5, for buildout demands conditions, an additional 3,550 gpm of
emergency supply will be needed. It is assumed that three new wells will be installed, which would
each provide a minimum of 1,200 gpm of emergency supply. If these wells were to be installed, they
would also provide Emergency Groundwater Storage Credit in the amount of 4.4 MG. This amount is
approximately equivalent to the proposed volume of the Royo Ranchero tank. Therefore, if these wells
were to be installed, the Royo Ranchero tank and its associated transmission main would not be needed.
8.4 FUTURE DISTRIBUTION SYSTEM PERFORMANCE EVALUATION

The purpose of the future water system performance evaluation is to identify necessary
improvements to support the City’s future water demands while meeting the City’s recommended
water system planning and design criteria, presented in Chapter 5. The following evaluations were
performed to assess the water system performance under future potable water demand conditions:
•

Normal Operations – Maximum Day Demand Extended Period Simulation (EPS)
Scenario: This scenario evaluated service pressures in the system during a Peak Hour
and Maximum Day Demand condition.

•

Normal Operations – Winter Day Demand EPS Scenario: This scenario evaluated
water age within the distribution system during Winter Day Demand condition.

•

Emergency Operations – Maximum Day Demand plus Fire Flow Scenario: This
scenario evaluated fire flow availability in the system under a Maximum Day
Demand condition.

The water system hydraulic model developed and updated for the WTP and Distribution System
Master Plan, as discussed in Appendix D, was used to evaluate the future water system
performance. The future water system is expected to deliver Maximum Day Demand flows, Peak
Hour Demand flows, Minimum Hour flows, and Maximum Day Demand plus Fire Flow within
the acceptable pressure, velocity, and head loss ranges as identified in the water system
performance and operational criteria presented in Chapter 5.
8.4.1 Future Normal Operations - Maximum Day Demand Scenario with Tank Refill
8.4.1.1 Evaluation Overview

An EPS simulation was used to evaluate system performance under a future Maximum Day
Demand condition. As shown in Table 8-1, the Maximum Day Demand for the future water service
area was calculated to be 34,100 gpm (49.0 mgd). A diurnal pattern was applied to the Maximum
Day Demands for the EPS scenario, which scaled the demand up or down at each time step during
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the simulation to mimic typical variations in demand. The Peak Hour Demand occurs in the hour
in which the highest demands occurred during the Maximum Day Demand scenario. As shown in
Table 8-1, the Peak Hour Demand for the future service area was calculated to be 49,100 gpm
(70.6 mgd). For the simulation, the WTP clearwells operate between 30 percent and 70 percent
full over the course of the day.
This analysis assumes that the Maximum Day Demand would be met by a combination of surface
water supplied by the WTP and storage tanks via their associated booster pump stations. For this
analysis, it was assumed that the Royo Ranchero storage tank supplied water to the system starting
at 4 AM via one booster pump during the peak usage period. The pump continues to pump until
the Royo Ranchero storage tank level reaches 2/3 full. The Royo Ranchero storage tank was then
refilled beginning at 10:00 AM through a pressure sustaining valve, which maintains system
pressure at 45 psi. Additionally, for this analysis, it was assumed that the Franklin storage tank
supplied water to the system starting at 5 AM via one booster pump. The pump continues to pump
until the Franklin storage tank level reaches 2/3 full. The Franklin tank was then refilled beginning
at 3 PM through a pressure sustaining valve, which maintains system pressure at 45 psi. The
Franklin storage tank then supplied water to the system again, starting at 7 PM via one booster
pump. The pump continues to pump until the Franklin storage tank level reaches 2/3 full. The
Franklin tank was then refilled beginning at 10 PM through a pressure sustaining valve, which
maintains system pressure at 45 psi.
The system is operated with the HLPS providing a system pressure of no more than 56 psi to both
the transmission main loop and the distribution system. The transmission main loop is operated at
the same pressure as the distribution system.
Under both Maximum Day and Peak Hour Demand conditions, a minimum of 40 psi and a
maximum of 60 psi must be maintained at a service connection throughout the entire water system.
In addition, it is recommended that the maximum velocities should not exceed 7 fps in transmission
or distribution pipelines, to help minimize energy (pumping) costs and excessive head loss due to
undersized pipelines.
8.4.1.2 Evaluation Results – Future Normal Operations Maximum Day Demand with Tank Refill

Results from the EPS Maximum Day Demand conditions indicate the future water system can
meet the City’s minimum pressure criteria at all customer service locations as shown on
Figure 8-2. The maximum pressure results shown on Figure 8-3 indicate that there are locations
where pressures are greater than 60 psi, although the pressures do not exceed 65 psi.
The simulated velocity results for the Maximum Day Demand simulation indicate that almost all
pipelines within the City’s water system met the velocity criteria of a maximum of 7 fps. The
pipelines that do not meet the criteria tend to be short pipelines that cause small amounts of headloss.
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8.4.2 Future Normal Operations – Winter Day Demand Scenario

An EPS simulation was used to evaluate system performance and water age under a Winter Day
Demand condition. The Winter Day Demand for the future water service area was calculated using
the ratio between the average and winter demands for existing conditions. That ratio of 51 percent
was applied to the projected Average Day Demand to calculate a Winter Day Demand of 10,000 gpm
(14.5 mgd). A diurnal pattern was applied to the Winter Day Demands. The water levels in the
Harter, Sanborn and Garden tanks were set to be no more than 2/3 of the total tank depth, which is
how the City operates these tanks in the winter. The proposed storage tanks at Hooper, Royo
Ranchero and Franklin were also set to be no more than 2/3 full. The tanks were set to have two of
their associated booster pumps turn on at 6 AM and continue to pump until one third of the total tank
volume had been pumped into the system. At midnight on that same day, the altitude valve for that
tank opens and refills the tank while maintaining a minimum of 45 psi in the system. This occurs at
two of the six tanks each day, cycling through the six tanks every three days. Sanborn is set to be a
completely mixed tank, as the tank is equipped with a mixer. Harter is set to be first-in-first-out with
no mixing. The proposed storage tanks at Garden, Hooper, Royo Ranchero and Franklin were
assumed to be completely mixed, as it is assumed that they will be equipped with mixers. It is
assumed that the existing tank at Garden would be equipped with a mixer when the new tank is
installed, and was assumed to be completely mixed in the scenario.
The system is operated with the HLPS providing a system pressure of no more than 56 psi to both
the transmission main loop and the distribution system. The transmission main loop is operated at
the same pressure as the distribution system.
8.4.2.1 Evaluation Results – Future Normal Operations Winter Day Demand Scenario

Using the calibrated EPS model, a water age analysis was performed on the system. Figures 8-4
and 8-5 show the results of the water age analysis. Figure 8-4 shows the maximum water age at
each location within the distribution system. Figure 8-5 shows the average water age at each
location within the distribution system.
The results show that there are certain parts of the system with average water ages older than 10
days. However, almost all of these are isolated areas of the system that do not have demands in the
model, such as on dead-end pipelines. When compared with the results from the existing system,
the future system shows older average water ages in the southeast part of the system, but shorter
average water ages in the area near the Sanborn tank and also in the area west of the Harter tank.
However, in all of these areas, the average water age is less than 6 days everywhere except for
isolated dead-end pipelines.
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Regarding the maximum water ages, in areas relatively close to storage facilities, the water age
tends to vary according to when the booster pumps are turned on. The water in the storage tanks
ages as it is stored. When the booster pumps pump this water into the system there is a noticeable
increase in water age near the tank. The longest water ages in the system appear in the vicinity of
the Sanborn and Garden tanks, as portions of the system show maximum water ages older than 10
days. These areas are similar to the existing system and indicate areas where storage facilities
might need more careful management in order to improve water quality and chlorine residual. The
area west of the Harter tank showed long maximum water ages in the existing system analysis, but
shows shorter maximum water ages with the future system.
An analysis of the system storage within the system compared to the demands was conducted
within each general quadrant of the City to review the balance of the proposed system storage. An
imbalance in storage can result in areas of the system that have more storage than is needed, which
can lead to older water ages. The analysis for the Yuba City system indicates that the storage is
fairly well balanced within the four quadrants of the system, indicating no need to move storage
within the system.
In areas where older water ages occur, the City may consider changes to operational strategies to
address the issue. Decreasing the interval between when tanks are pumped down would decrease
water ages in storage facilities. Another strategy to consider would be to take certain storage
facilities out of service during lower demand periods, such as the winter months.
8.4.3 Future Emergency Operations Scenarios – Maximum Day Demand plus Fire Flow
8.4.3.1 Evaluation Overview

To evaluate the future service area water system under the Maximum Day Demand plus Fire Flow
scenario, InfoWater’s “Available Fire Flow Analysis” tool was used to determine the available fire
flow while maintaining a minimum residual pressure of 20 psi at all service junctions within the
service area. For the future system fire flow analysis, key junctions that represent hydrant locations
were evaluated to determine the available flow that can be provided, in addition to meeting the
Maximum Day Demand. The analysis assumed that tanks and their associated booster pump
stations are off-line and not operating, and that only the HLPS is providing flow to the system.
Maximum velocity was not considered in the evaluation because it is a secondary design criterion.
The analysis also assumed that all improvement projects that were recommended for existing
demand conditions have been implemented. This includes all of the fire flow improvements that
were recommended in Section 7 during the analysis of the existing system. The purpose of this is
to analyze if the proposed improvements were properly sized to support the future demands.
The system is operated with the HLPS providing a system pressure of no more than 56 psi to both
the transmission main loop and the distribution system. The transmission main loop is operated at
the same pressure as the distribution system.
As discussed in Chapter 5 System Planning and Performance Criteria, recommended fire flow
criteria are established for new developments. Currently, the City does not have a specific policy
requiring the replacement of pipelines or other mitigation measures to meet current fire flow
8-16
January 2019
w\c\285\12-17-12\wp\mp\052617_Ch8

City of Yuba City
Water Treatment Plant and
Distribution System Master Plan

Chapter 8
Future Distribution System Evaluation
standards since much of the existing distribution system is older and was designed to meet
standards in place at the time of previous development.
8.4.3.2 Evaluation Results – Future Maximum Day Demand plus Fire Flow Scenario

Figure 8-6 summarizes the fire flow results at each tested location, showing the residual pressure
while meeting the fire flow requirement. As shown on Figure 8-6, there are no locations that do
not meet the recommended fire flow criteria for future demand conditions, assuming all
improvement projects recommended for existing demand conditions have been implemented.
8.5 ANNEXATION OF BOGUE-STEWART MASTER PLAN AREA

The Bogue-Stewart Master Plan area (Bogue-Stewart area) is a proposed development area that
the City could provide service upon annexation. The Bogue-Stewart area is shown on Figure 3-7
in Chapter 3 and consists of the undeveloped areas located south of Bogue Road, east of Walton
Avenue, north of Stewart Road and west of Levee Road. As shown in Table 3-9, the average
demand for the Bogue-Stewart area is 900 gpm (1.3 mgd).
8.5.1 Evaluation Overview

The projected demand for the Bogue Stewart area was used to calculate the required pumping
capacity and storage capacity that would be required to support the development of this area.
The demands were also used to evaluate the effect of the proposed development on the distribution
system. Transmission pipelines were added to the hydraulic model along major roads in the
proposed land use plan, as shown on Figure 3-7. Demands were distributed to these pipelines
according to the land use plan. The hydraulic model was run for a Maximum Day Demand
Scenario with Tank Refill which is the same as the scenario run in Section 8.4.1, except for the
additional pipelines and the demands for the Bogue Stewart area.
The system is operated with the HLPS providing a system pressure of no more than 56 psi to both
the transmission main loop and the distribution system. The transmission main loop is operated at
the same pressure as the distribution system.
8.5.2 Evaluation Results – Annexation of Bogue-Stewart Master Plan Area

Table 8-4 shows the required firm pumping capacity that is required to support the demands for the
Bogue Stewart area, using the pumping criterion to provide sufficient pumping capacity in the system
to meet peak hour demands. The analysis shows that 2,300 gpm (3.3 mgd) will be required. While this
pumping capacity is required to support the demands for the Bogue Stewart area, it is not required that
these pumps be located within the Bogue Stewart area. The additional pumping capacity could be
located either at the WTP, or at any of the storage facilities within the distribution system.
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Table 8-4. Required Pumping Capacity for Bogue Stewart Master Plan Area

Average Day Demand,
gpm (a)

Maximum Day
Demand, gpm(a)

Peak Hour Demand,
gpm(b)

Required Firm Pumping
Capacity, gpm(c)

900

1,600

2,300

2,300

(a)

Average day and maximum day demand are based demand projections in Chapter 3.
Peak hour demand is 1.44 times the maximum day demand.
(c)
Required firm pumping capacity is equal to peak hour demand, assuming fire flow demand supplied by other pumping facilities.
(b)

Table 8-5 shows the storage capacity that is required to support the demands for the Bogue Stewart
area. The analysis shows that 1.9 mg will be required. While this storage capacity is required to
support the demands for the Bogue Stewart area it is not required that the storage be located within
the Bogue Stewart area. The additional storage capacity could be located either at the WTP, or at
any of the storage facilities within the distribution system.
Table 8-5. Required Storage Capacity for Bogue Stewart Master Plan Area
Required Storage Capacity, MG
Average
Day
Demand,
mgd
1.3

Maximum
Day
Demand,
mgd(a)
2.3

Operational Criteria
Percent of
Maximum Day
Demand(b)
25%

Emergency Criteria

Operational

Percent of
Average Day
Demand(c)

Emergency

Total
Required
Storage

0.6

100%

1.3

1.9

(a)

Average day and maximum day demand are based demand projections in Chapter 3.
Operational storage is 25 percent of maximum day demand (see Table 5-1).
(c)
Emergency storage is 100 percent of average day demand (see Table 5-1).
(b)

The minimum pressure results for buildout maximum day are shown on Figure 8-7. Results for
this analysis indicate that pressures within the Bogue Stewart area do fall below 40 psi for brief
periods during the day, but only drop as low as approximately 37 psi. This scenario was run with
no new storage or pumping facilities within the Bogue Stewart area. Additionally, while the
previous water master plan indicated that future development within the Bogue Stewart area would
need to be served by a separate pressure zone, this analysis shows no new pressure zone is needed
and that the Bogue Stewart area can be incorporated into the existing pressure zone.
As the area where pressures are below 40 psi is relatively small, and the pressures are within two
or three psi of the criteria, no changes to the pipelines diameters are recommended. It is
recommended that the pumping facilities at the Garden storage facility be used during peak
demand periods on Maximum Day to address pressures in this area, as this is the storage facility
that is closest to the low-pressure area, and operating it during peak demand periods on Maximum
Day does resolve the low-pressure issues by maintaining a minimum of 40 psi within the Bogue
Stewart area throughout the day.
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The system was analyzed for fire flow within the Bogue Stewart area. Fire flows were assigned
within the Bogue Stewart area based on the land uses proposed by the developer for this area.
There were no locations within the Bogue Stewart area that do not meet the recommended fire
flow criteria for future demand conditions. Additionally, the Bogue Stewart demands did not cause
any other part of the distribution to not meet the fire flow criteria. It was assumed that all of the
fire flow improvement projects proposed in Section 7 have been implemented.
8.6 SENSITIVITY EVALUATION FOR BUILDOUT DEMANDS

As discussed in Section 3.4.4, a range of demand projections was developed to perform a
sensitivity analysis of the infrastructure sizing. The low end of the range of demands used in the
sensitivity analysis is 18,300 gpm (26.4 mgd), which represents a ten percent reduction in the
future demand projections. The high end of the range of demands used in the sensitivity analysis
is 22,400 gpm (32.3 mgd) which represents a ten percent increase in the future demand
projections. The analysis of the future distribution system was revisited with these two sets of
demands. The ten percent variation in demands is 1,950 gpm (2.8 mgd).
8.6.1.1 Buildout Sensitivity Evaluation Overview

The demands in the hydraulic model for the sensitivity analysis were scaled either up or down by
ten percent evenly for all demands. For one scenario, the demands were scaled down by
ten percent. For another scenario, the demands were scaled up by ten percent. The analysis
consisted of evaluating a Maximum Day Demand Scenario with Tank Refill, which is the same as
the scenario run in Section 8.4.1, except for the scaling of the demands. The hydraulic model was
used to evaluate the effect of variations in the demand projections on the transmission pipelines in
the model, as well as the pumping and storage capacity requirements.
The system is operated with the HLPS providing a system pressure of no more than 56 psi to both
the transmission main loop and the distribution system. The transmission main loop is operated at
the same pressure as the distribution system.
8.6.1.2 Buildout Sensitivity Evaluation Results

The potential ten percent changes in demands were used to calculate an equivalent pumping
capacity and storage capacity that would be required to support these demands. Table 8-6 shows
the firm pumping capacity that is required to support the ten percent variation in demands. The
analysis shows that 4,900 gpm (7.1 mgd) will be required. For a ten percent reduction in projected
demands, the overall pumping capacity requirement would be reduced by this amount. For a
ten percent increase in projected demands, the overall pumping capacity requirement would be
increased by this amount.
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Table 8-6. Required Incremental Pumping Supply Capacity with 10 Percent Increase in
Buildout Demands.
Average Day Demand,
gpm (a)
2000

Maximum Day
Demand, gpm(a)
3,400

Peak Hour Demand,
gpm(b)
4,900

Required Firm
Pumping Capacity,
gpm(c)
4,900

(a)

Average day and maximum day demand are based buildout demand projections for the General Plan area plus 10 percent.
Peak hour demand is 1.44 times the maximum day demand.
(c)
Required firm pumping capacity is equal to peak hour demand, assuming fire flow demand supplied by other pumping
facilities.
(b)

Table 8-7 shows the storage capacity that is required to support the ten percent variation in demands.
The analysis shows that 4.0 MG would be required. For a ten percent reduction in projected demands,
the overall storage capacity requirement would be reduced by this amount. For a ten percent increase
in projected demands, the overall storage capacity requirement would be increased by this amount.
Table 8-7. Required Incremental Storage Capacity with 10 Percent Increase in Buildout
Demands
Required Storage Capacity, MG
Operational Criteria
Average
Day
Demand,
mgd

Maximum
Day
Demand,
mgd(a)

Percent of
Maximum
Day
Demand(b)

2.8

4.9

25%

Emergency Criteria

Operational

Percent of
Average Day
Demand(c)

Emergency

Total
Required
Storage

1.2

100%

2.8

4.0

(a)

Average day and maximum day demand are based buildout demand projections for the General Plan area plus 10 percent.
Operational storage is 25 percent of maximum day demand (see Table 5-1).
(c)
Emergency storage is 100 percent of average day demand (see Table 5-1).
(b)

The hydraulic model was used to evaluate the effect of the potential ten percent changes in
demands on the transmission mains. The scenarios in the model were evaluated to determine if
any of the transmission mains could be decreased in size with the ten percent reduction in demands,
or if any of the transmission mains would need to be increased in size with the ten percent increase
in demands. The evaluation with the model determined that no decreases or increases are
recommended with the potential ten percent variations in demands. Figure 8-8 shows the minimum
pressures in the Maximum Day Plus Tank Refill scenario when demands are increased by
ten percent. Figure 8-9 shows the minimum pressures in the Maximum Day Plus Tank Refill
scenario when the demands are decreased by ten percent. Figure 8-8 shows a small area in the
southeast portion of the City where pressures drop below 40 psi along Oregon Way. Pressures in
this area drop to as low as 38 psi. It is recommended that the pumping facilities at the Garden
storage facility be used during peak demand periods on Maximum Day to address pressures in this
area, as this is the storage facility that is closest to the low-pressure area and operating it during
peak demand periods on Maximum Day does resolve the low-pressure issues. Figure 8-10 shows
recommended sizing of pipelines required at buildout based on the results of the buildout analysis,
the annexation of the Bogue-Stewart area analysis, and the buildout sensitivity analysis.
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8.7 ANALYSIS OF NEAR-TERM CONDITIONS
8.7.1 Near-Term System Evaluation

Near-term average daily demands were estimated to be 16.3 mgd. Development of these demands
is described in Section 3.4.5 Near-term Demand Projections. The improvement projects that were
identified for buildout demands were analyzed with the near-term demands to determine which
improvement projects would be required to adequately serve the near-term demands. Figure 8-11
shows the infrastructure needed to serve near-term demands.
8.7.1.1 Pumping Capacity Evaluation

The existing system pumping capacity analysis was updated with the near-term demands. The
analysis uses the same criteria that were used for the existing and buildout analyses. As indicated
in Table 8-8, there is a pumping capacity surplus of 15,100 gpm (21.7 mgd) with the existing
facilities when the near-term demands are included. As the City is evaluating the feasibility and
cost-effectiveness of abandoning the Rowe and Sam Brannan tanks with their associated pumping
facilities, the analysis was performed without considering the pumping facilities at these two tanks.
When the Rowe and Sam Brannan tanks are not considered, Table 8-8 shows a pumping capacity
surplus of 13,500 gpm (19.4 mgd). Table 8-8 indicates that when the near-term demands are
included, there will be a pumping capacity surplus at the HLPS of 2,900 gpm (4.2 mgd).
8.7.1.2 Storage Capacity Evaluation

The existing system storage capacity analysis was updated with the near-term demands. The
analysis uses the same criteria that were used for the existing and buildout analyses. As indicated
in Table 8-9, there is a storage capacity deficiency of 8.3 MG. With the emergency storage credit
from the wells included in the analysis, the storage capacity deficiency is reduced to 2.0 MG. The
City is evaluating abandoning the Rowe and Sam Brannon tanks. If the tanks are abandoned, the
storage capacity deficits will increase by 2.0 MG.
To address the storage capacity deficits, additional storage capacity will need to be installed. As
the El Margarita and Lincoln East areas represent a large portion of the near-term demands,
building 3.0 MG of the planned 6.0 MG of storage at the Franklin tank site would provide
additional storage capacity, as its planned location is close to both areas. If this tank is installed, it
is recommended that the transmission main loop be extended from the Sanborn tank, past the
Franklin tank and connecting to the existing 36-inch transmission main in Harter Road south of
the Harter tanks. This portion of the transmission main loop is shown in red on Figure 8-11. The
extension of the transmission main loop would provide needed transmission capacity for filling
the Franklin Tank, as without it, the system cannot adequately fill the tank.
Building the planned additional 3.3 MG at the Garden/Burns site could also address the storage
capacity deficit. As there are no improvements to the transmission system required to support
additional storage at the Garden/Burns site, this would be an economical choice for additional storage.
From a hydraulic standpoint, the location of additional storage makes little difference because the
system is relatively flat, and because the system already has pumping and storage facilities spread
throughout the system.
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Table 8-8. Comparison of Existing and Required Pumping Supply Capacity at Near-Term

Supply Sources

Near-Term Near-Term
Maximum
Peak Hour
Day Demand, Demand,
gpm(a)
gpm(b)

High Lift Pump Station

Garden/Burns

Harter
19,800

28,500

Rowe
Sam Brannan

Sanborn

Total
(a)

Near-Term Pumping Capacity, gpm
Pump
Firm
Capacity,
Capacity,
Pump
gpm(c)
gpm(d)
Number
10
4900
11
6250
12
4900
22300
13
6250
14
6250
1
1560
3,120
2
1560
3
1560
1
670
2
670
6,940
3
2800
4
2800
5
2800
1
860
860
2
860
1
760
760
2
760
1
670
2
670
6,940
3
2800
4
2800
5
2800

Required Firm
Pumping
Capacity,
gpm(e)

Required Firm
Pumping
Capacity with
Tank Fill, gpm(f)

Supply
Capacity
Surplus
(Deficit), gpm

Supply Capacity
Surplus (Deficit)
without Rowe or
Sam Brannan, gpm

Supply Capacity
Surplus (Deficit)
at HLPS with
Tank Refill, gpm

28,500

22,400

12,400

10,800

(100)

40,900

Maximum day demand is based value reported in the 2013 Department of Public Health Annual Report plus estimated demands for the Near-Term Projects.

(b)

Peak hour demand is 1.44 times the maximum day demand.

(c)

Capacity of Garden/Burns pump is listed as 1650 gpm in pump station information and 1560 gpm in the Asset Inventories. Lower value is used.

(d)

Firm pumping capacity is defined as the total pumping capacity of all operational pumps minus the capacity of the largest pumping unit.

(e)

Required firm pumping capacity is equal to either maximum day demand plus the highest fire flow event of 5,000 gpm, or peak hour demand, whichever is higher.

(f)

Required firm pumping capacity with tank refill is equal to maximum day demand plus pumping to fill 10% of distribution system storage in 12 hours, which is 2,300 gpm.
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Table 8-9. Required Storage Capacity Under Near-Term Demand Conditions with Groundwater Storage Credit
Available Storage Capacity, MG

Storage Facility
WTP Clearwell
WTP Clearwell
WTP Clearwell 3
Garden/Burns
Harter
Harter
Rowe
Sam Brannan
Sanborn

Well Facility

Current WTP Well
New WTP Well
Well 5
Well 8
Well 9

Effective
Reservoir
Reservoir
Capacity,
(a)
MG
Capacity, MG
2.0
1.0
2.0
1.0
4.0
2.0
3.0
3.0
2.0
2.0
2.0
2.0
1.0
1.0
1.0
1.0
3.6
3.6
Equivalent
Well
Groundwater
Capacity,
Emergency
gpm
Storage Credit
(MG)
1400
1.71
1500
1.84
850
1.04
800
0.98
600
0.73

Total Available
Storage, Without
Emergency
Storage Credit

Total Available
Storage,
Including
Emergency
Storage Credit

16.6

22.9

Operational Criteria
Maximum Day
Demand,
Average Day
Demand, mgd
mgd(b)

Percent of
Maximum Day
(c)
Demand

(a)
(b)

Effective
Reservoir
Reservoir
Capacity,
(a)
MG
Capacity, MG

16.3

28.5

25%

Total Available Proposed Storage

3.0
3.0

Percent of
Average Day
Demand(d)

Emergency

(e)

Fire Flow

Storage Surplus
Storage Surplus
(Deficit) Without
(Deficit) including
Total Required Emergency Storage Emergency Storage
Storage
Credit, MG
Credit, MG

(8.3)

Proposed Storage Capacity, MG

Storage Facility
WTP Clearwell 4
Garden/Burns 2
Hooper
Royo Ranchero
Franklin

Operational

Required Storage Capacity, MG
Emergency Criteria

7.1

100%

16.3

1.5

(2.0)

24.9

Storage Surplus
Storage Surplus
(Deficit) with
(Deficit) with
Proposed Facilities,
Proposed Facilities,
including
Without Emergency Emergency Storage
Storage Credit, MG
Credit, MG

(5.3)

1.0

3.0

Half of clearwell storage is reserved for disinfection credits and is not available.
Maximum day demand is based on value reported in the 2013 Department of Public Health Annual Report plus estimated demands for the Near-Term Projects.

(c)

Operational storage is 25 percent of maximum day demand (see Table 5-1).
Emergency storage is 100 percent of average day demand (see Table 5-1).
Based on demand for the most severe fire recommended in the service area multiplied by the corresponding recommended fire flow duration.
(f)
Only one of the two proposed 3 MG tanks is needed at Near-Term demand conditions.
(d)
(e)
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8.7.1.3 Near-Term Distribution System Performance Evaluation

The improvement projects proposed for buildout demands that are adjacent to the near-term
projects were added to the system. This includes pipelines around the Walnut Park West area,
within the El Margarita area, adjacent to the eastern portion of the Lincoln East Specific Plan,
adjacent to the Sutter Heritage Master Plan area and within the Bogue Stewart Master Plan area.
Additionally, the Franklin Tank was added to the system, along with the transmission mains shown
in red on Figure 8-11. As noted in Section 8.7.1.2, the Garden/Burns site could be used as an
alternative to the Franklin Tank location.
To assess the water system performance under near-term potable water demand conditions, scenarios
were created in the hydraulic model for Maximum Day Demands and Winter Day Demands.
8.7.1.3.1 Near-Term Maximum Day Demands

An EPS scenario was used to evaluate system performance under a Near-Term Maximum Day
Demand condition. The Maximum Day demand for the near-term conditions is 19,800 gpm
(28.5 mgd). A diurnal pattern was applied, which simulates Peak Hour Demands at the hour of the
pattern with the highest demands. The scenario includes pumping from the Franklin Tank during
the high demand period of the diurnal pattern, with two pumps at the Franklin Tank turning on at
5 AM and continuing until the tank level reaches 2/3 full. The Franklin Tank was then refilled
beginning at 9 PM through a pressure sustaining valve, which maintains system pressure at 45 psi.
The system is operated with the HLPS providing a system pressure of no more than 56 psi to both
the transmission main loop and the distribution system. The transmission main loop is maintained
at the same pressure as the distribution system.
The criteria used to evaluate the system are the same as those used to evaluate the existing and
buildout systems. Results from the evaluation indicate the near-term can meet the City’s minimum
pressure criteria at all customer service locations, except for a small area in the southeast corner
of the City, as shown in Figure 8-12. In the small area where the criteria are not met, the pressures
do not drop below 38 psi, and the pressure do not drop below 40 psi for more than one or two
hours during the simulation.
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8.7.1.3.2 Near-term Winter Day Demands

An EPS scenario was used to evaluate system performance and water age under a Winter Day
Demand condition. The Winter Day Demand for the near-term water service area was calculated
by scaling the demands with the 0.51 ratio that was used for winter day scenarios for both existing
and buildout demand conditions. The winter day demand for the near-term conditions is 6,500 gpm
(9.3 mgd). The water levels in the Harter, Sanborn and Garden tanks were set to be no more than
2/3 of the total tank depth, which is how the City operates these tanks in the winter. The proposed
Franklin Tank was set to be no more than 2/3 full. The tanks were set to have two of their associated
booster pumps turn on at 6 AM and continue to pump until one third of the total tank volume had
been pumped into the system. At midnight on that same day, the altitude valve for that tank opens
and refills the tank while maintaining a minimum of 45 psi in the system. This occurs at one or
two of the four tank locations each day, cycling through the four tank locations every three days.
Sanborn Tank is set to be a completely mixed tank, as the tank is equipped with a mixer. Harter
Tank is set to be first-in-first-out with no mixing. The Franklin Tank was assumed to be completely
mixed, as it is assumed that it will be equipped with mixers. It is assumed that the existing Garden
Tank will be equipped with a mixer, so it was assumed to be completely mixed in the scenario.
The system is operated with the HLPS providing a system pressure of no more than 56 psi to both
the transmission main loop and the distribution system. The transmission main loop is operated at
the same pressure as the distribution system.
Using the calibrated EPS model, a water age analysis was performed on the system. Figure 8-13
shows average water age at each location with the near-term distribution system. The results show
that there are certain parts of the system with average water ages older than 10 days. However,
these are all isolated areas of the system that do not have demands in the model, such as on dead-on
pipelines. As in the water age analysis for the existing system, the west end of the pipeline along
Franklin west of the Franklin Tank shows long water ages because there were no demands in this
area in the meter data from 2013.
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Chapter 8
Future Distribution System Evaluation
8.8 SUMMARY OF FINDINGS AND RECOMMENDED IMPROVEMENTS FOR THE FUTURE
DISTRIBUTION SYSTEM

Findings and recommended improvements to eliminate or reduce deficiencies resulting from the
evaluation of the future service area are summarized below. These recommendations are used to
develop a recommended CIP, which is further described in Chapter 10.
•

Pumping Capacity: The future service area water system was found to have a firm
pumping capacity deficit of 12,200 gpm (17.4 mgd). With the tank fill criteria, the
HLPS was found to have a firm pumping capacity deficit of 14,600 gpm (21.0 mgd).
If the Bogue Stewart area is added to the City system, an additional 2,300 gpm
(3.3 mgd) of firm pumping capacity will be needed. The sensitivity analysis shows
that the firm pumping capacity deficit of 12,200 gpm (17.4 mgd) could vary up or
down by 4,900 gpm (7.1 mgd) if the future demands vary up or down by ten percent
from the demand projections developed in Chapter 3. With the proposed pumping
facilities at the WTP, Garden/Burns, Hooper, Royo Ranchero and Franklin facilities,
the future water system was found to have a firm capacity surplus of 34,550 gpm
(49.8 mgd). The HLPS was found to have a surplus firm pumping capacity of
1,450 gpm (2.1 mgd) when the tank fill criterion is considered. The recommended
facilities are listed in Table 8-10.

•

Storage Capacity: The future water system service area was found to have a storage
capacity deficit of 20.8 MG, which includes 1.9 MG of storage capacity deficit from
the Bogue Stewart area demands. To alleviate the storage capacity deficit, installation
of additional storage tanks is recommended. The sensitivity analysis shows that the
storage capacity deficit of 20.8 MG could vary up or down by 4.0 MG if the future
demands vary up or down by ten percent from the demand projections developed in
Chapter 3. With the proposed storage facilities at the WTP, Garden/Burns, Hooper,
Royo Ranchero and Franklin, the future water system was found to have no storage
deficit. The recommended facilities are listed in Table 8-10. The WTP and
Distribution System Master Plan recommends installation of three future new 1,200
gpm wells for emergencies by buildout. These wells would provide capacity
equivalent to 4.4 MG of storage, eliminating the need for the Royo Ranchero tank.
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Table 8-10. Recommended Projects for Future Demand Conditions
Recommended Facilities
Facility
WTP
Garden/Burns
Hooper
Royo Rancho
Franklin
Facility
WTP Clearwell 4
Garden/Burns 2
Hooper
Royo Rancho
Franklin
Facility
12" Pipelines
16" Pipelines
24" Pipelines
24" Pipelines
24" Pipelines
24" Pipelines
24" Pipelines
24" Pipelines
30" Pipelines
30" Pipelines
30" Pipelines
12" Pipelines
16" Pipelines

Firm Capacity, mgd
27
8
8
8
16
Proposed Volume, MG
4
3
4
5
6

Firm Capacity, gpm
18,750
5,300
5,600
5,600
11,400
Recommended
Volume, MG
3
3
4
5
6

Area
Main Service Area
Main Service Area
Main Service Area
Main Service Area
Main Service Area
Main Service Area
Main Service Area
Main Service Area
Main Service Area
Main Service Area
Main Service Area
Bogue Stewart
Bogue Stewart

Total Length, ft
62,500
28,200
3,250
5,270
4,590
3,310
7,270
3,850
7,260
7,570
3,950
9,580
11,000
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Note
In addition to existing capacity at WTP
In addition to existing capacity at Garden/Burns

Note
In addition to existing capacity at WTP, 1 MG will not be useable
In addition to existing capacity at Garden/Burns

Note
Transmission to buildout areas
Transmission to buildout areas
Lincoln Road Between Ohlyer and George Washington
George Washington Boulevard between Franklin and Lincoln
Franklin Road between George Washington and Harter Extension
Harter Parkway Extension between Franklin and Redhaven
Colusa Highway between Harter and Western
Young/Elmer between Hooper and Harter Extension
Harter Parkway Extension between Colusa and Pease
Pease Road between Harter Extension and Clark
Clark Avenue between Pease and Oakview
Within Bogue Stewart Area
Within Bogue Stewart Area
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•

Pipelines: The City’s system was expanded in the hydraulic model to accommodate the
projected future demands within the future water service area. A large-diameter
transmission main loop had been previously planned, and it is recommended that the
transmission main loop be completed. Figure 8-1 shows the completion of the
large-diameter transmission main loop with 30-inch and 24-inch diameter pipelines.
While the configuration in the previous water master plan recommended that the
transmission main loop be completed with 30-inch, 36-inch and 42-inch diameter
pipeline, this analysis showed that the diameters of the pipelines in the transmission
main loop can be reduced to 30-inch and 24-inch diameter pipelines. Additional
transmission mains are recommended to provide service to undeveloped areas of the
system. It is assumed that specific area plans and development proposals will address
the distribution piping within the transmission mains that are recommended in this plan.
A summary of the recommended facilities is shown on Figure 8-10 and in Table 8-10.

•

The large-diameter transmission main loop was previously planned as a high-pressure
loop, with pressures that would be up to 50 psi higher than the current pressures in the
system. Analysis of the system indicates that the large-diameter transmission main
does not need to be operated at pressures above the current maximum limit of 60 psi.
This is because the demand projections developed in this WTP and Distribution
System Master Plan are lower than in the prior water master plan. Projected
maximum day demands are approximately 60 percent of the maximum day demands
in the prior water master plan. The lower projected demands allow the transmission
main loop to be operated at the same pressure as the distribution system.
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CHAPTER 9
Asset Evaluation
This chapter presents an assessment of the existing water system assets for the City. The evaluation
used condition and age information for critical system assets to develop a prioritized plan to
increase reliability and extend the useful life of the system assets. The goal of the asset evaluation
is to set a clear direction on the best use of City resources to protect the water system assets.
This asset evaluation process began with an asset inventory of the YCWTP and booster pump and
reservoir facilities. Critical assets were identified, and condition assessments were then performed on
those assets. Additionally, a risk assessment was performed on the distribution system assets to
evaluate the likelihood and consequence of failure for each asset in the system. The results of the risk
assessment and condition assessments were used to develop a capital improvement program schedule.
The following sections present the evaluation methodology and results from the water system
asset evaluation:
•

Asset Inventory

•

YCWTP and Booster Pump and Reservoir Facilities Assessment

•

Groundwater Supply Wells Assessment

•

Water Pipeline Risk Assessment

•

Rehabilitation and Replacement Program

9.1 ASSET INVENTORY

The goal of developing the asset inventory is to provide a tool for the City to more effectively track
maintenance activities and improvements for each asset. The updated asset registry will be
provided to the City in a format compatible with the City’s computerized maintenance
management system (CMMS).
This discussion of the asset inventory includes the following sections:
1. Definitions
2. YCWTP and Booster Pump and Reservoir Facilities Inventory
3. Distribution System Inventory
9.1.1 Definitions

Useful terms used in this inventory improvement are generally defined as:
•

Asset. An item of property or equipment, for which it is necessary to establish and
track such factors as criticality, life expectancy, age, replacement/rehabilitation cost,
repair/maintenance cycle, etc.

•

Asset Hierarchy. A tiered system for separating assets into functional groupings
based on location, process/function, and system/subsystem category.
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•

Asset Classification. A system for grouping assets into classes and component
groups for the purposes of assigning standardized values for replacement/
rehabilitation costs, useful life, preventative maintenance frequencies, and
rehab/replacement methods and cycles.

9.1.2 YCWTP and Booster Pump and Reservoir Facilities Inventory

The City previously developed a preliminary asset registry for YCWTP and booster bump and
reservoir facility assets, which was partially populated with major assets. Prior to this Master
Planning effort, the registry was partially populated with critical asset information such as size,
material, manufacturer, model, serial number, and installation year. The City assigned each asset
a unique asset identification number, formatted as EQU-000000.
The City began a significant effort in 2013 to better manage its YCWTP and booster pump and
reservoir facility assets, and to track maintenance through its CMMS. Many of the major
mechanical assets were recorded in this system, as these are the assets that most frequently have
had maintenance actions assigned. However, the majority of pipelines and concrete basins, as well
as much of the electrical and instrumentation equipment were not recorded in the existing asset
registry system. Mechanical assets were typically limited to larger assets with a replacement cost
of over $1,000.
The asset evaluation process described in this chapter is intended to expand this inventory by
adding all major assets to the registry and recording critical asset information for all assets. This
expansion of the asset registry was achieved through a review of as-built records and other
information, including condition assessment site visits. The registry information for assets in the
City’s registry was verified or updated based on the information available in the field during the
condition assessment site visits. In addition to adding major assets to the registry, the asset
hierarchy and asset classification systems noted above were implemented. These systems are
described in more detail in the following subsections.
9.1.2.1 Asset Hierarchy

This section describes the process used to develop a new asset hierarchy system and to align the
YCWTP and booster pump and storage facilities assets to the system. The asset hierarchy was
developed using schematics of the YCWTP and booster pump and storage facilities and was
refined through field verification and discussions with City staff. This hierarchy system consists
of the following four tiers: Facility, Process, System, and Subsystem.
The asset hierarchy is shown in Table 9-1. The table does not show actual assets, but rather the
hierarchical categories into which the assets are assigned. A dash indicates that the given level is not
applicable to the asset category. In addition to the asset hierarchy, assets are further assigned a “parent
component” if the asset is a subcomponent of another asset. For example, in the subsystem category
called “Pump 19” within the Waste Pumps system of the High Service Pump Station process (see page
2 of the table), there are four assets: the pump, the motor, the check valve, and the isolation valve. The
motor and the two valves are both considered subcomponents of the pump. Accordingly, in the asset
registry, the three subcomponents each show the pump as a parent component. For each asset in the
system, its position with respect to the asset hierarchy, plus any parent component relationships, will
be included in the electronic asset registry provided to City staff.
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Table 9-1. Asset Hierarchy
Facility

Process

System
–

Groundwater Supply Well

Chemical Addition

Lime Feed
Hydrofluosilicic Acid Feed
Filter Aid Feed
Backwash Aid Feed
Powdered Activated Carbon Feed
Aluminum Sulfate Feed
Chlorine Feed
Polymer Feed F.A.
Polyaluminum Chloride Feed
Mixers
Flocculation Basins

Conventional Filtration

Sedimentation Basins

Conventional Filters

Water Treatment Plant

Motor Control Center
Mixers
Flocculation Basins
Pre–Screens

Membrane Filters
Membrane Filtration

Filter Permeate

Backwash System

W:\C\285\12-17-12 \WP\MP\Tables\ch9\Tble 9-1
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Subsystem
–
–
–
–
–
–
–
–
–
–
Flash Mixer
In–Line Mixer
Basin 1 (West)
Basin 2 (Center)
Basin 3 (East)
Raw Water Channel
Basin 1 (West)
Basin 2 (Center)
Basin 3 (East)
Settled Water Channel
Filter 1
Filter 2
Filter 3
Filter 4
Backwash System
–
In–Line Mixer
Basin 1
Basin 2
Screen 1
Screen 2 (future)
Influent Channel
Cell 1
Cell 2
Cell 3 (future)
Cell 4 (future)
Blower 1
Blower 2
Pump 1
Pump 2
Pump 3 (future)
Pump 4 (future)
Pump 1
Pump 2
Tank
Waste Sump
Filter Backpulse System
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Table 9-1. Asset Hierarchy
Facility

Process

System

Clean–In–Place

Membrane Filtration
Neutralization System

Disinfection and Storage

Motor Control Center
Clearwell 1 (West)
Clearwell 2 (Center)
Clearwell 3 (East)
Clearwell 4 (future)

Pumps
High Service Pump Station
Water Treatment Plant

Backwash Pumps
Waste Pumps
Percolation Ponds
Solids Dewatering

Site Systems

Buildings

Electrical Service

Site
Instrumentation/Controls and
Electrical (ICE)
Fish Screen Intake
Fish Screen Intake

Low Lift Pump Station(a)
Pumps

Motor Control Center
Electrical Service
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Motor Control Center
–
–
Raw Water Piping
Treated Water Piping
SCADA
Service Water
Process Air
Laboratory
Administrative
Basement
Shop
Ops Center
High Voltage (12.4 KV) Service
Low Voltage System
Medium Voltage (480V) Distribution
Standby Power
Solar Power
–
–
Screen Cleaning System
Jet Spray Pump
Sand Pump 1
Sand Pump 2
Sand Pump 3
Site
Pump 1
Pump 2
Pump 3
Pump 4
Pump 5
Pump 6
Lube Water
–
High Voltage (12.4 KV) Service
Medium Voltage (480V) Distribution
Standby Power

Subsystem
Pump 1
Pump 2
Tank
Citric Acid Feed
Sodium Hypochlorite Feed
Pump 1
Pump 2
Tank
Sodium Hydroxide Feed
Sodium Bisulfite Feed
–
–
–
–
–
Pump 10
Pump 11
Pump 12
Pump 13
Pump 14
Pump 9
Pump 19
Pump 20
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
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Table 9-1. Asset Hierarchy
Facility

Process
Site
Instrumentation/Controls and
Electrical (ICE)

Booster Pumps
Harter
Reservoirs
Motor Control Center
Electrical Service
Site
Instrumentation/Controls and
Electrical (ICE)

Booster Pumps
Sanborn

Reservoir
Motor Control Center
Electrical Service
Site
Instrumentation/Controls and
Electrical (ICE)
Booster Pumps
Sam Brannon

Reservoir
Motor Control Center
Electrical Service
Site
Instrumentation/Controls and
Electrical (ICE)
Booster Pumps

Rowe Avenue

Reservoir
Motor Control Center
Electrical Service
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System
–

Subsystem
–

–

–

Pump 1
Pump 2
Pump 3
Pump 4
Pump 5
North Reservoir
South Reservoir
–
High Voltage (12.4 KV) Service
Medium Voltage (480V) Distribution
Standby Power
–
–
Distribution Influent
Pump 1
Pump 2
Pump 3
Pump 4
Pump 5
Discharge
–
–
High Voltage (12.4 KV) Service
Medium Voltage (480V) Distribution
Standby Power
–
–
Pump 1
Pump 2
–
–
High Voltage (12.4 KV) Service
Medium Voltage (480V) Distribution
Standby Power
–
–
Pump 1
Pump 2
–
–
High Voltage (12.4 KV) Service
Medium Voltage (480V) Distribution
Standby Power

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
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Table 9-1. Asset Hierarchy
Facility

Process
Site
Instrumentation/Controls and
Electrical (ICE)
Booster Pumps

Garden Highway
Reservoir
Motor Control Center
Electrical Service
(a)

System
–

Subsystem
–

–

–

Pump 1
Pump 2
Pump 3
–
–
High Voltage (12.4 KV) Service
Medium Voltage (480V) Distribution
Standby Power

–
–
–
–
–
–
–
–

The City reports two sand pumps in the Low Lift Pump Station caisson. Pumps were not identified in the initial inventory and
were not inspected.
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9.1.2.2 Asset Classification

This section describes the process followed to develop an asset classification system and to classify
each of the YCWTP and booster pump and storage facilities assets to the system. The asset
classification system defines asset classes and asset subclasses, and each asset is assessed for such
factors as standard useful life, unit cost, replacement difficulty, and other factors. These factors,
which are used to develop the rehabilitation and replacement program, are discussed in more detail
in Section 9.2 of this report. The asset classification system developed for the YCWTP and booster
pump and reservoir facilities is shown in Table 9-2, along with key information for each asset
class, including unit replacement costs, standard life expectancy, and rehabilitation cycle.
Rehabilitation cycle is defined as the time within the life expectancy of an asset that a major
rehabilitation is expected to be needed.
9.1.3 Distribution System Inventory

The City’s existing distribution system inventory is catalogued in a GIS geodatabase. This
geodatabase includes a geospatial registry of the distribution system pipelines, which contains
14,113 unique assets including 12,394 distribution pipelines and 1,356 transmission pipelines.
These distribution and transmission pipelines were the focus of the distribution system asset
evaluation. Within the database, each pipeline is assigned a unique asset identification number,
and registry information that includes installation date, owner, pressure zone, status (active,
abandoned, proposed), diameter, material, length, and record drawing reference information.
The information on pipe diameter, length, and installation date contained in the registry was used
in the water pipeline risk assessment discussed in Section 9.4. Maps of the areas with missing
installation dates were provided to City Public Works staff and updates were made to the GIS to
reflect known installation dates, but some information gaps still remain. City Public Works staff
indicated that this information could be filled in through a review of as-built drawings, but this
effort was not completed as part of this Master Planning process.
9.2 YCWTP AND BOOSTER PUMP AND RESERVOIR FACILITIES ASSESSMENT

A condition assessment of key assets at the YCWTP and booster pump and reservoir facilities was
performed in July 2017. The condition assessment was conducted by a team that included City
Public Works staff, civil engineers from West Yost, and structural and electrical engineers from
TJC and Associates (TJCAA). The condition assessment consisted of visual observations and
documentation of the existing physical condition and performance of numerous system assets.
Prior to the condition assessment site visits, West Yost held a workshop with City staff to discuss
issues that should be investigated and documented during the assessment.
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Table 9-2. Asset Classification System and Standards

Asset Class
Accessway
Basin

Compressed Air

Controls

Electrical Equipment

Filter

Instrumentation

Motor

Component
Access - Asphalt
Flocculation Basin
Membrane Filter
Sand Filter
Sedimentation Basin
Air Blower
Air Compressor
Controller
Level Controller
PLC
SCADA/Telemetry
Auto Transfer Switch
Control Panel
Lighting
Lighting Panel
Main Switchboard
Main Switchgear
Manual Transfer Switch
Motor Control Center
Power Panel
Power Supply
Soft Starter
Transformer
VFD
Granular Media Filter
Chlorine Analyzer
Flow Meter
Fluoride Analyzer
Level Probe
Level Switch
Level Transducer
Particle Counter
pH Meter
Pressure Element
Streaming Current Monitor
Turbidimeter
Turbidimeter
Gear Drive
Motor (0 - 20 HP)
Motor (Over 20 HP)
Discharge Piping
Distribution Piping

Piping

Power Supply

Electrical Conduit
Process Piping
Suction Piping
Generator Connection
Solar Panel
Standby Generator

w\c\285\12-17-12\wp\mp\tables\ch9\Table 9-2
Last Revised: 12-21-17

Rehabilitation
Cycle, years
25
25
25
25

18*(CFM)310*(HP)+2304

20

20

$11,200*(HP/40)0.6
$3,000
$3,000
$25,000
$25,000
$15*Amps
$45,000
Cost Varies
Cost Varies
Cost Varies
$5,000
$5,000
$70,000 - $200,000
Cost Varies
Cost Varies
$10,000
Cost Varies
$9,000 - $30,000
$43,000
$5,650
$1,750*(D)0.5
$7,850
$3,000
$1,000
$3,350
$7,850
$3,450
$2,100
$12,470
$4,550
$11,000
$900
$200*HP
$200*HP
$10*D*18

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
15
20
15
25
15
15
15
15
15
15
15
15
15
15
15
15
30
30
30
50

20
10
10
10
10
10
10
5
10
10
10
10
10
10
10
10
10
5
15
15
15
15
15
15
15
15
15
15
25
10
25
-

$20*D*length

50

-

$10*D*36
$10*D*36
$10*D*18
$3,000
$5,000
$75,000 - $285,000

50
50
50
25
20
25

10
8

$500*1.68*HP

30

25

30
10
30
10
25
30
10
25
15
20
25
40
40
40
40
40
20
25
15
20
20
30
20
25
20
50
20
20
20
50
50
50
25
50
40
30

25
25
25
25
25
5
5
10
10
25
25
25
25
10
10
25
5
25
20
10
10
30
50
50
50
25
50
15
25

15

15

25
30
20
30
25
30
40
20
25
50

15
15
20
25
25
25
25
20
20
25

Unit cost
$2*Area
$900*(V)
$900*(V)
$250,000
$900*(V)

Horsepower (HP)
& Capacity (CFM)
Horsepower (HP)
Each (EA)
Each (EA)
Each (EA)
Each (EA)
Amps (A)
Each (EA)
Lump Sum (LS)
Lump Sum (LS)
Lump Sum (LS)
Each (EA)
Each (EA)
Amps (A)
Lump Sum (LS)
Lump Sum (LS)
Each (EA)
Lump Sum (LS)
Lump Sum (LS)
Each (EA)
Each (EA)
Diameter (in)
Each (EA)
Each (EA)
Each (EA)
Each (EA)
Each (EA)
Each (EA)
Each (EA)
Each (EA)
Each (EA)
Each (EA)
Each (EA)
Horsepower (HP)
Horsepower (HP)
Diameter (in)
Diameter (in) &
Length (LF)
Diameter (in)
Diameter (in)
Diameter (in)
Each (EA)
Kilowatt (kW)
Kilowatt (kW)

Horizontal Centrifugal Pump Horsepower (HP)
Horizontal Split-Case
Metering Pump
Pump
Submersible Pump
Sump Pump
Vertical Turbine
Well Pump
Chlorine Gas Detector
Safety Equipment
Eye Wash/Shower
SCBA
Dual Band Screen
Screen
Fish Screen
Fencing - Chain Link
Fencing - Metal
Guardrail
Site Security
Security Door
Security Gate
Security Monitoring
Auger
Flash Mixer
Hatch
Hoist
Specialized Equipment Seal Water System
Silencer
Sludge Collector
Water Filtration System
Water Heater
Building
Ladder
Pipe Support
Structure
Roof
Structure
Support Beams
Vault
Pressure Vessel
Reservoir - Concrete
Reservoir - Steel
Storage Tank - Concrete
Tank
Storage Tank Plastic/Fiberglass
Storage Tank - Steel
Air Release Valve
Altitude Valve
Butterfly Valve
Check Valve
Gate Valve
Valve
Slide Gate
Surge Anticipator
Flow Control Valve
Valve Actuator

Standard Life
Expectancy, years
50
50
50
50
50

Reference Units
Area (sq ft)
Volume (CY)
Volume (CY)
Each (EA)
Volume (CY)

Horsepower (HP)
$500*1.68*HP
Each (EA)
$600
Horsepower (HP)
$500*1.68*HP
Horsepower (HP)
$840*HP
Horsepower (HP)
$500*1.68*HP
Horsepower (HP)
$680*HP
Each (EA)
$700
Each (EA)
$3,250
Each (EA)
$3,133
Each (EA)
Each (EA)
$79,350
Length (LF)
$28*Length
Linear Foot (LF)
$50*Length
Linear Foot (LF)
$50*Length
Each (EA)
$1,000
Each (EA)
$1,000
Each (EA)
$1,000
Each (EA)
$30,000
1.3
Horsepower (HP)
$27,000*(D/5)
Each (EA)
$2,500
Each (EA)
$2,000
Each (EA)
$9,000
Each (EA)
$350
Area (SF)
$485,000*(SF/5022)0.5
Each (EA)
$400
Each (EA)
$500
Area (SF)
$200*Area
Each (EA)
$1,500
Lump Sum (LS)
$750-3,300
Lump Sum (LS)
$5,000
Area (SF)
$200*Area
Lump Sum (LS)
$14,500
Area (SF)
$20*SF + $755
Volume (gal)
$19*(V+70)
Volume (gal)
$0.42*(V)
Volume (gal)
$0.42*(V)
Volume (gal)
$900*V
Volume (gal)
Volume (gal)
Each (EA)
Diameter (in)
Diameter (in)
Diameter (in)
Diameter (in)
Diameter (in)
Diameter (in)
Diameter (in)
Diameter (in)

$225*(V)0.5
2/3

$1470*(V)
$3,000
494.8(D)1.46
$2.25*(D)2047
$53.673*(D)1.8201
$44,000*(D/24)2.35
$44,000*(D/24)2.35
1654.8 (D)0.845
$10,675*(D/3)2/3
$7,250*(D/6)0.6
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All assets were assigned scores of 1 through 5 for both asset condition and asset performance, with
1 representing the best condition or performance. The scores were assigned based on observations
by the condition assessment team and on anecdotal information provided by City Public Works
staff. The scores were assigned based on the criteria described in Table 9-3. The assessment team
examined the mechanical, civil, structural, electrical, and instrumentation systems. Photographic
documentation was also collected and any visible inventory information (e.g., manufacturer, model
number, size, etc.) was obtained. The results of the condition assessment are presented in
Appendix F. Appendix G documents findings of the Instrumentation, Controls and Electrical
Assessment in more detail.
Table 9-3. Condition and Performance Ranking Index
Score

Description

Condition Ranking Index
1

Excellent

2

Slight Visible Degradation

3

Visible Degradation

4

Integrity Moderately Compromised

5

Integrity Severely Compromised

Performance Ranking Index
1

Functioning as Intended

2

In Service; High O&M Costs

3

In Service; Function Impaired

4

In Service; Function Highly Impaired

5

Not Functioning as Intended

The remainder of this section includes a discussion of the information obtained from the condition
assessment at the following facilities:
1. YCWTP
2. Booster pump station and reservoir facilities
9.2.1 Yuba City Water Treatment Plant

The condition assessment of the YCWTP was limited to critical assets. The identification of critical
assets was based on the preliminary asset inventory developed by the City and supplemented with
major assets identified in the record drawings. The critical assets at the YCWTP that required a full
visual condition assessment were confirmed with City staff. This evaluation was generally done on
a process-by-process basis and included a discussion with City operators to identify operational
issues that would be used to assign the performance score, and to identify any upgrades needed.
In general, the condition assessment revealed that most of the assets are in good condition and
performing well. There are many assets exhibiting age-related degradation; however, very few
9-9
January 2019
w\c\285\12-17-12\wp\mp\052617_Ch9

City of Yuba City
Water Treatment Plant and
Distribution System Master Plan

Chapter 9
Asset Evaluation
assets are in such poor condition that the integrity of the asset is compromised. A summary of the
condition and performance results is shown below in Table 9-4. A complete record of the condition
and performance for each asset is included in Appendix F.
Table 9-4. YCWTP Condition Assessment Summary
Performance Assessment Score
(1)
Functioning
as Intended

(2)
In Service;
High O&M
Costs

(3)
In-Service;
Function
Impaired

(4)
In-Service;
Function Highly
Impaired

(5)
Not
Functioning
as Intended

Total Assets

(1) Excellent

99

1

2

1

1

104 (25%)

(2) Slight Visible
Degradation

210

47

4

-

1

262 (63%)

(3) Visible
Degradation

8

13

12

-

1

34 (8%)

(4) Integrity
Moderately
Compromised

-

4

10

-

-

14 (3%)

(5) Integrity
Severely
Compromised

-

-

-

3

2

5 (1%)

317 (76%)

65 (16%)

28 (7%)

4 (1%)

5 (1%)

419 (100%)

Condition Assessment Score

Number of Assets

Total Assets

9.2.2 Booster Pump Station and Reservoir Facilities

The condition assessment of the booster pump and reservoir facilities included all assets. The
preliminary asset inventory developed by the City was supplemented with major assets identified
in the record drawings to develop a complete list of assets to inspect.
In general, the condition assessment revealed that most of the assets are in good condition and
performing well. There are some assets exhibiting age-related degradation; however, very few
assets are in such poor condition that the integrity of the asset is compromised. A summary of the
condition and performance results is shown below in Table 9-5. A complete record of the condition
and performance for each asset is included in Appendix F.
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Table 9-5. Booster Pump Station and Reservoir Condition Assessment Summary
Performance

(1)
Functioning
as Intended

(2)
In-Service;
High O&M
Costs

(3)
In-Service;
Function
Impaired

(4)
In-Service;
Function
Highly
Impaired

(5)
Not
Functioning
as Intended

Total Assets

(1) Excellent

167

3

4

6

5

185 (44%)

(2) Slight Visible
Degradation

26

7

4

4

2

43 (10%)

(2) Visible
Degradation

4

2

9

5

-

20 (5%)

(4) Integrity
Moderately
Compromised

2

1

10

1

-

14 (3%)

(5) Integrity
Severely
Compromised

1

-

2

-

2

5 (1%)

29 (7%)

16 (4%)

Condition

Number of Assets

Total Assets

200 (48%)

13 (3%)

9 (2%)

267 (100%)

9.3 GROUNDWATER SUPPLY WELLS ASSESSMENT

As discussed in Chapter 2, the City operates and maintains a municipal well at the YCWTP
(WTP Well) and also owns several currently non-operable wells purchased from the former HWC.
The WTP Well is used occasionally to provide supplemental raw water to the YCWTP. The wells
purchased from the HWC have not been used since at least 2010. The locations of the wells,
including the active WTP Well, are shown on Figure 9-1.
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This section provides an assessment of the suitability of the WTP Well and the former HWC wells
for potential use as emergency supply wells in the event of a YCWTP emergency outage. Because
of their age, potentially poor downhole and mechanical condition, and water quality concerns, the
wells would require some degree of rehabilitation to restore capacity. Pump and water quality
testing, equipment rehabilitation/replacement, and the addition of wellhead treatment to meet
primary MCLs prior to obtaining DDW permits would likely be required before the wells could
be used for short-term emergency purposes. Notably, some of the existing wells exceed primary
MCLs for arsenic and nitrate and would therefore require wellhead treatment in a scenario in which
no surface water was available for blending.
A general discussion of well assessment findings and a discussion of the well condition and
performance rankings are presented in this section.
9.3.1 Well Assessment Findings

A condition assessment of the City well facilities was performed on July 10, 2017. The condition
assessment was conducted by a team that included City Public Works staff, a hydrogeologist and
a civil engineer from West Yost, and electrical engineers from TJCAA. The wells were evaluated
based on the available well construction documents, performance and water quality information,
and the visual assessment of selected well sites. The visual assessment included the following sites:
•

Well 3

•

Well 5

•

Well 8

•

Well 9

•

Wells 4 and 7 (combined site)

•

WTP Well

Table 9-6 provides a summary of the construction and performance information for all of the wells
in the system. Three of the wells listed in Table 9-6, Wells 2, 14, and 21, are reported to be
abandoned and are excluded from further consideration.
The former HWC wells are relatively old, with ages ranging from 31 years (Well 22) to 68 years
(Well 4). The WTP Well is 27 years old. Typical municipal wells should last at least 25 years, but
the well life depends on multiple factors, including quality of the original construction, casing
material, casing wall thickness, groundwater quality conditions, and operation and maintenance
history. Construction methods, casing materials and other factors affecting well life are
discussed below.
All the wells except Well 5 were either drilled with the cable tool method, or the method was not
documented. Well 5 was drilled using mud rotary equipment and is the only filter packed well.
Today’s industry standard for municipal well construction is typically the use of reverse circulation
mud rotary equipment to drill and install a filter packed well with corrosion resistant steel casing
and wire-wrapped or louvered corrosion resistant well screen. None of the wells evaluated are
constructed to this modern standard for municipal wells.
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The drilled depths of the former HWC wells ranges from 140 feet (Well 16) to 310 feet (Well 5).
The WTP Well was drilled to a depth of 473 feet. All the wells, except Wells 16 and 17, are
reported to have 50-foot or deeper sanitary seals and appear to meet DDW permitting requirements
for sanitary seals. Well 16 reportedly has a 49-foot sanitary seal, which for this analysis, was
assumed to be adequately deep for permitting the well as an emergency supply well. Consultation
with DDW would be required to confirm this assumption. Well 17 has a 10-foot sanitary seal,
which is inadequate for municipal use.
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Table 9-6. Well Construction and Performance Summary

Dated Age,
Drilled Depth,
Well ID DWR Log Available
Status
Drilled years Drilling Method Original Purpose
ft bgs
WTP
Yes
Active
1991
27
Cable tool
Municipal
473
2
No
Abandoned 1967
51
Not documented Not documented Not documented
3
No, informal driller's log Inactive
1959
59
Not documented Not documented
174
4
Yes
Inactive
1950
68
Cable tool
Irrigation
200
5
Yes
Inactive
1967
51
Mud rotary
Municipal
310
7
No, informal driller's log Inactive
1968
50
Not documented Not documented
214
8
Yes
Inactive
1977
41
Cable tool
Municipal
254
9
Yes
Inactive
1978
40
Cable tool
Municipal
190
13
No
Inactive
1977
41
Not documented Not documented Not documented
14
Yes
Abandoned 1989
29
Cable tool
Municipal
155
16
Yes
Inactive
1955
63
Cable tool
Other
140
17
Yes
Inactive
1966
52
Cable tool
Municipal
192
18
Yes
Inactive
1987
31
Cable tool
Municipal
155
19
Yes
Inactive
1987
31
Cable tool
Municipal
188
20
Yes
Inactive
1985
33
Cable tool
Municipal
170
21
Yes
Abandoned 1985
33
Cable tool
Municipal
220
22(a)
Yes
Inactive
1987
31
Cable tool
Municipal
209

w\c\285\12-17-12\wp\mp\tables\ch9\tbl Wel
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Depth of Sanitary Cased Depth,
Seal, ft
ft bgs
58
473
Not documented Not documented
Not documented
144
Not documented
121
65
300
Not documented
-50
80
50
84
Not documented Not documented
32
139
49
133
10
185
52
107
50
149
50
115
51
148
57
129

Casing Diameter,
in
14, 16
Not documented
Not documented
14
12
Not documented
14
14
Not documented
16
12
12
16
16
14
14
16

Casing Wall
Thickness, in
0.25
Not documented
Not documented
0.1875
0.1875
Not documented
0.102
0.102
Not documented
0.25
Not documented
0.081
0.25
0.25
0.25
0.1875
0.25

Filter Pack
None
Not documented
Not documented
None
3/8 to 5/8 in
Not documented
None
None
Not documented
None
None
None
None
None
None
None
None

Open or Screened
Interval, ft bgs
370 - 473
Not documented
105 - 120
105 - 115
94 - 288
-80 - 254
84 - 190
Not documented
139 - 155
133 - 140
192 (open hole)
107 - 155
149 - 188
115 - 170
148 - 220
129 - 209

Screen Type
Milled slots
Not documented
Not documented
Milled slots
Milled slots
Not documented
Open hole
Open hole
Not documented
Open hole
Open hole
Milled slots
Open hole
Open hole
Open hole
Open hole
Open hole

Tested
Reported
Discharge,
Discharge, gpm
gpm
1,389
-900
-1,350
-1,300
-850
2,000
1,400
-800
-600
-1,350
-1,150
1,350
Not documented
-Not documented
-875
2,400
825
-600
-Not documented
2,608
750
1,500

SWL, PWL,
ft bgs ft bgs DD N, ft
------------37
110
73
------------27
50
23
------16
--------13
115
102.4
----

Specific
Capacity,
gpm/ft
----27
----59
-----25
--

As, ug/L
Fe, ug/L
Mn, ug/L
NO3-N, mg/L
17 – 23 183 – 5,000
46 – 170
ND
–
–
–
–
17 – 23
–
490 – 580
ND – 0.5
6 – 38
115
460
–
6 – 10
700 – 2,400
ND – 1,450
ND – 0.5
8 – 40
ND – 139
456
0.4 – 1.2
9 – 12
380 – 819
520 – 624
ND – 0.5
8 – 50
266 – 364
431 – 466
ND – 4.3
7 – 94 1,910 – 3,550 1,440 – 4,980 0.4 – 0.7
10 – 22
ND
74 – 92
1 – 12
–
–
–
–
–
–
–
–
ND – 47 ND – <100
ND – <30
6 – 12
ND – 11 ND – <100
ND – <30
6 – 14
ND – 10 ND – <100
ND
6 – 10
–
–
–
–
–
–
–
–
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All well casings are steel with unreported compositions. The casing wall thickness in the former
HWC wells is relatively thin, ranging from 0.08-inch to 0.25-inch. The WTP well casing thickness
is 0.375-inch in the 16-inch diameter upper section and 0.25-inch in the 14-inch diameter lower
section. Casing diameters range from 12 to 16 inches, and cased depths range from 80 feet to
300 feet in the former HWC wells. The WTP Well has a 16-inch diameter casing to a depth of
319 feet and a 14-inch diameter casing from a depth of 290 feet to 473 feet. The wall thickness of
the 16-inch diameter casing is somewhat uncertain after the first significant digit due to the poor
legibility of the well completion report. The age of the wells, the relatively thin casing walls with
potentially limited corrosion resistance, and potentially corrosive groundwater conditions lead to
concern over the structural integrity of the well casings. It was reported anecdotally that the casing
of Well 22 may have collapsed.
The former HWC wells produce water from an open hole below the blank casing, milled casing
slots, or a combination of both. The WTP Well produces water from milled casing slots. While the
yield of an open hole is potentially high, there is potential for sand production and collapse of the
hole. Milled slots have much less open area than louvered or wire-wrapped screens and are less
efficient. The condition of the open holes and milled slot casing sections of the wells is unknown,
but it should be possible to rehabilitate open hole and slotted screen sections of the wells, if the
structural integrity of the well casings is good. Based on the age of the wells and the wall
thicknesses, the structural integrity of the well casings should be considered questionable and
subject to field verification.
Reported yields at the time of construction of the former HWC wells range from 600 gpm to
1,400 gpm, with reported specific capacities ranging from 25 gpm per foot of drawdown (gpm/ft)
to 59 gpm/ft. The reported yield of the WTP Well is 1,389 gpm, and the specific capacity is not
documented.
The WTP Well and all the former HWC wells, except Wells 18, 19 and 20, have had arsenic, iron
and manganese detections at or above their respective MCLs, or the concentrations were not
documented. In the case of Wells 5 and 8, the arsenic results are not considered conclusive, and
thus these wells may potentially be reactivated without the need for wellhead treatment, pending
further water quality testing. Well 9 is equipped with an ATEC Systems wellhead treatment
system. This system could potentially be reactivated to reduce arsenic, iron and manganese to
concentrations below their respective MCLs.
Although arsenic has been detected at or above the MCL in Wells 18, 19 and 20, here again, the
arsenic concentration results from these wells are not considered conclusive, such that treatment
to reduce arsenic concentrations may not be needed, pending further water quality testing.
However, these three wells have had historical nitrate concentrations detected above the 10 µg/L
MCL and may need to be equipped with wellhead treatment to reduce nitrate concentrations to
levels below the MCL. Water quality data were not available for Well 22; however, based on its
depth, location, and anecdotal reports of shallow nitrate detections and deeper arsenic detections,
it appears likely that Well 22 would require wellhead treatment to reduce nitrate or arsenic
concentrations prior to use as an emergency supply well.
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9.3.2 Well Condition and Performance Ranking

Table 9-7 describes the criteria used for ranking the wells based on condition and performance.
The condition-based criteria are:
•

Age

•

Casing material durability

•

Sanitary seal adequacy

•

Reliability during pumping

The performance-based criteria are:
•

Yield

•

Specific capacity

•

Efficiency

•

Water quality

The wells were assigned a score of 1 to 5 for each of these categories, with 1 representing the best
condition or performance and 5 representing the poorest condition or performance.
Table 9-8 presents the results of the well ranking process. As indicated in the table, in addition to
the numerical score for each of the above criteria, each well is also assigned an overall Condition
Score, an overall Performance Score, and a Total Score. The overall Condition Score equals the
arithmetic average of the four individual scores for the condition-based criteria noted above. The
overall Performance Score equals the arithmetic average of the four individual scores for the
performance-based criteria, except that the water quality criterion is given a weighting factor of 2
to account for the potentially large cost impact of wellhead treatment to reduce arsenic or nitrate
concentrations to levels below their respective MCLs. The Total Score equals the sum of the
overall Condition Score and the overall Performance Score.
Wells with a Performance Score less than 5 and a Total Score below 8 are considered to be the
best candidates for use as a short-term emergency supply, while wells with a Performance Score
of 5 or higher and a Total Score between 8 and 9 are considered to be less favorable but potentially
useful pending further evaluation. Wells with a Total Score above 9 are generally considered
unfavorable candidates for use as a short-term emergency supply.
As shown in Table 9-8, the highest (best) ranked wells were the WTP Well and Wells 5, 8 and 9,
followed by Wells 18, 19, 20, and 22. Further details on recommended implementation steps and
estimated costs for well rehabilitation are provided in Section 9.5.3.
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Table 9-7. Well Ranking Criteria
Factor
Well Condition Scoring
Age
Casing Material Durability
Sanitary Seal Adequacy
Reliability during Pumping
Well Performance Scoring
Yield, gpm
Specific Capacity, gpm/ft
Efficiency, percent
Water Quality

w\c\285\12-17-12\wp\mp\tables\ch9\tbl Well
Last Revised: 09-20-17

Rating (1 being the lowest, 5 being the highest)
3

1

2

0 - 10 years

11 - 20 years

Stainless Steel

-

21 - 30 years
High Strength Low Allow
Steel
20 - 49 feet

50 feet or greater
Cased pump chamber above
Cased pump chamber above Cased pump chamber above
or below well screen with
or below mill-slotted screen
open borehole
engineered filter pack
1,750 - 2,000
80-100
>90

1,500 - 1,749
60-79
70-89

1,250 - 1,499
40-59
60-79

Meets primary and
secondary MCLs

Meets primary MCLs

Meets primary MCLs with
existing treatment system

4

5

31 - 40 years

> 40 years

-

Low Carbon Steel

-

< 20 feet, or unknown

Pump intake in screened
section of well

Pump intake in open
borehole, or unknown

750 - 1,249
20-39
50-69
May meet primary arsenic
MCL with future treatment
system

< 749, or unknown
<20
<50, or unknown
May meet primary nitrate
MCL with future treatment
system, or unknown
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Table 9-8. Well Condition and Performance Ranking

Sanitary Seal
Adequacy

Reliability during
Pumping

Condition Score

Yield

Specific Capacity

Efficiency

Water Quality

Performance Score (b)

Total Score (c)

3
4
5
4
3
3
3
4
5
5
4
5
5
5
5
3
4

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

1
1
1
1
1
1
1
1
3
5
5
5
5
5
5
3
1

2
3
4
3
3
3
3
3
3
4
5
3
5
5
5
3
3

2.8
3.3
3.8
3.3
3.0
3.0
3.0
3.3
4.0
4.8
4.8
4.5
5.0
5.0
5.0
3.5
3.3

3
4
4
5
4
4
4
5
5
3
3
5
3
3
4
4
5

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

3
2
3
2
2
2
2
2
2
5
5
2
5
5
5
2
2

3
2
2
3
5
5
5
5
5
4
4
5
4
4
5
4
5

4.0
3.5
3.8
4.3
5.0
5.0
5.0
5.3
5.3
5.0
5.0
5.3
5.0
5.0
5.8
4.5
5.3

6.8
6.8
7.5
7.5
8.0
8.0
8.0
8.5
9.3
9.8
9.8
9.8
10.0
10.0
10.8
8.0
8.5

(a)

Casing Material
Durability

Well Performance

Age

Well Condition

Well ID
WTP
8
5
9
18
19
22
20
16
4
13
17
3
7
2
14
21
(a)

Recommendations
Continue to use well as source for WTP; evaluate for use as short-term emergency supply
Evaluate well for use as short-term emergency supply
Evaluate well for use as short-term emergency supply
Evaluate well for use as short-term emergency supply
Consider evaluating well for use as short-term emergency supply
Consider evaluating well for use as short-term emergency supply
(d)

Consider evaluating well for use as short-term emergency supply
Consider evaluating well for use as short-term emergency supply
Destroy per applicable state and local standards
Destroy per applicable state and local standards
Destroy per applicable state and local standards
Destroy per applicable state and local standards
Destroy per applicable state and local standards
Destroy per applicable state and local standards
Abandoned Confirm destroyed per applicable state and local standards
Abandoned Confirm destroyed per applicable state and local standards
Abandoned Confirm destroyed per applicable state and local standards

The overall Condition Score equals the arithmetic average of the four individual scores for the condition-based criteria.

(b)

The overall Performance Score equals the arithmetic average of the four individual scores for the performance-based criteria, except that the water quality criterion is given a weighting factor of 2 to account
for the potentially large cost impact of wellhead treatment to reduce arsenic or nitrate concentrations to levels below their respective MCLs.
(c)

The Total Score equals the sum of the overall Condition Score and the overall Performance Score.

(d)

It has been reported anecdotally that the casing of Well 22 may have collapsed.
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9.4 WATER PIPELINE RISK ASSESSMENT

The water pipeline risk assessment evaluated the likelihood and consequence of failure for each
water pipeline. For this analysis, a water pipeline failure is defined as an event that could result in
a disruption to water service. Water service disruptions can adversely impact the public and can
also require costly emergency repairs. Water pipelines include all City-owned treated water
transmission and distribution pipelines from the point where they exit the YCWTP to their point
of terminus at the service line. Private water pipelines and pipelines within the booster pump and
reservoir facilities and the YCWTP boundaries are not considered in this analysis. This risk
assessment is used to prioritize pipelines for improvements, with the goal of replacing water
pipelines prior to an end-of-life pipe failure.
This water pipeline risk assessment section includes a discussion on the following topics:
1. Methodology
2. Likelihood of Failure Analysis
3. Consequence of Failure Analysis
4. Distribution System Risk Levels
9.4.1 Methodology

A risk assessment model was developed in InfoMaster Water to perform the risk assessment
calculations. InfoMaster is a GIS-based asset management software by Innovyze, which uses
existing data from ArcGIS, CMMS records, hydraulic models, and other sources to analyze risks
on a pipe-by-pipe basis.
As part of the risk assessment model, ratings for both likelihood and consequence of failure were
assigned to each pipe segment. The likelihood of failure assesses the probability that a failure will
occur. The consequence of failure considers the impact a failure may have on public health, the
environment, and the community. The risk assessment model then combines the likelihood of
failure ratings with the consequence of failure ratings to develop a comprehensive risk rating.
9.4.2 Likelihood of Failure Analysis

The likelihood of failure analysis considers the probability that a failure will occur in a given water
pipeline segment. Water pipelines have the following principal failure modes: 1) structural failure
and 2) capacity failure.
Structural Failure. Two predictors of future structural failure were employed in the risk model:
previous failure history, and physical mortality due to reaching the end of its lifecycle.
•

Failure History. Previous failures are the best indicator of future failures. Leak history
data was used as the primary indicator of failure history. Leak history data for the
years 2011 through 2016 were provided by the City. This information is tracked in
the City’s iWorQ work order management system by street address and pipe category
(main line or service line). A proximity analysis was performed in GIS that linked the
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address-based leak history data to the nearest water pipeline. The results of the pipe
leak history analysis are shown in Figure 9-2.
•

Physical Mortality. Cracking, breaking, and joint failures increase with time as
pipelines approach the end of their useful lives. Accordingly, the likelihood of
physical mortality failure was assessed by using the installation year, as recorded in
the GIS asset registry and supplemented with markups by City staff for pipelines with
missing installation dates. Pipelines without an installation date that City staff did not
have knowledge of were conservatively assigned a minimum rating of 4.
Additionally, the City’s experience is that the small diameter pipelines (4-inches or
less) in its system that were installed prior to the 1970s were often constructed of
galvanized or cast-iron pipe that are less reliable than other materials and tend to
corrode or tuberculate. Thus, these pipes have reached the end of their useful lives
and have been assigned a physical mortality rating factor of 5 since they typically do
not meet the City’s desired level of service with respect to water quality or flow rates.
The resulting physical mortality ratings for each pipeline are shown on Figure 9-3.
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Capacity Failure. As part of this Master Plan, the hydraulic model was used to identify areas of
hydraulic capacity deficiency under various demand conditions, including average day, maximum
day, peak hour, and maximum day plus fire flow demands. These criteria are discussed in detail in
Chapter 7 of this report. No deficiencies were identified for existing average day, maximum day,
or peak hour demands. There were some deficiencies identified for fire flow conditions, and the
risk model was used to help prioritize improvements to address these deficiencies. Pipeline
improvements to address fire flow deficiencies were divided into two groups:
1. New Looping Pipelines. Installation of new pipelines where no pipelines currently
exist to provide additional system looping and flow from multiple directions. Because
these pipes do not currently exist, new looping pipelines were assigned a rating value
of zero (0) in every likelihood of failure and consequence of failure category other
than the applicable Fire Flow Deficiency category.
2. Upsized Pipelines. Replacement of existing pipelines with larger diameter pipelines.
Existing pipelines to be upsized were evaluated in the same manner as other existing
pipelines in every category.
Fire flow deficiencies can often only be resolved by replacing multiple existing pipe segments, or
by a combination of upsizing existing pipelines and installing new looping pipelines. Therefore,
pipelines with capacity deficiencies were grouped into fire flow Capital Improvement Projects
(CIP’s) based on the common fire flow deficiency they resolve, and all pipelines in the same CIP
were assigned the highest capacity failure rating of all the pipelines in that CIP. Fire flow
deficiency ratings are displayed on Figure 9-4.
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Each pipe segment was rated for structural failure using a scale of zero to five, with five indicating
the highest likelihood of failure. For the structural failure category, the overall score is assumed to
be the higher of the two sub-category results. Each pipe segment was rated for capacity failure
using a scale of zero to three, with three indicating the highest likelihood of failure. The total
likelihood of failure score is then calculated as the sum of the two scores for each category, such
that an aggregate score of zero is the least severe, and eight is the most severe. The methodology
for rating each pipeline segment is summarized in Table 9-9.
Table 9-9. Likelihood of Failure Rating Factors
Rating (0 being the lowest, 5 being the highest)
Factor

0

1

2

No Known
Failures or
New Looping
Pipeline

Single
Failure on
Service
Line

Multiple
Failures on
Service
Line

3

4

-

Single
Failure on
Main Line

5

Rating Logic

Multiple
Failures
on Main
Line
Diameter≤
4-inch and
Pre-1970
or
unknown
installation
date

Maximum of
Two Factors

-

Single
Factor

Structural Failure
Failure
History

Physical
Mortality

New Looping
Pipeline

Installed
1980s to
present

Installed
1970s

Installed
1960s

Installed
Pre-1960 or
unknown
installation
date

40% to
60%
Deficient

60% to
80%
Deficient

>80%
Deficient

-

Capacity Failure
Fire Flow
Deficiency

<40%
Deficient

Total Likelihood of Failure

Sum of Two
Factors

9.4.3 Consequence of Failure Analysis

The consequence of failure analysis is divided into two categories: 1) level of service impact; and
2) emergency response impact. Level of service impact refers to the effects that a system failure
would have on the customer base. Emergency response impact refers to the cost and time
requirements associated with the response to a failure.
Level of Service Impact. The impact of a service outage will vary based on the role the pipe has
in the network connectivity and on the customers served by each pipe. Specifically, the level of
service impact assessment focuses on critical pipelines and critical customers, which are defined
as follows:
•

Critical Pipelines. Critical pipelines in the system include tank transmission lines near
the YCWTP that are difficult to isolate, the failure of which would affect the system
for an extended period of time. Additionally, while the City has made efforts to loop
the system where possible, there are a few non-looped pipelines that would impact a
large geographic area if a failure occurred. The difficult-to-isolate tank transmission
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pipelines and non-looped pipelines were identified through a visual review of the
City’s hydraulic model in GIS. The critical pipelines are shown on Figure 9-5.
•

Critical Customers. The identification of critical customers is based on a review of
water billing data for high-volume water users, as confirmed in a meeting with City
staff. Critical customers also include businesses where a serious impact could occur if
service was disrupted. The facilities serving the identified list of critical customers is
thus a focus of the analysis. These facilities were split into the four categories listed in
order of decreasing consequence: critical healthcare facilities, utilities, schools, and
critical industries. Critical healthcare includes the hospital, dialysis centers, an
assisted living facility, and a surgery center. Utilities include the two co-generation
facilities (Calpine Yuba City Energy Center and Calpine Feather River Energy
Center) and the wastewater treatment plant. Schools include public schools listed on
the Yuba City Unified School District website. Critical industries were identified by
water billing data and include Sunsweet Growers and Valley Fine Foods. The
identified pipelines were separated into two groups based on the consequence to the
facility if a failure occurred: primary lines that would cause a full water outage to the
customer (P); and secondary lines that would likely cause a drop-in pressure (S). The
critical customer locations used in this analysis are shown on Figure 9-6.
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Emergency Response Impact. Emergency response impacts are influenced by two major factors:
location of the affected facilities, and magnitude of the failure. These impacts may include
increased personnel time, additional costs for materials or construction, or other increased resource
demands due to the complexity of the failure.
•

Locational Issues. Some pipelines in need of emergency repair may have difficulties or
complexities specific to their location. For example, some repairs may require
coordination with outside agencies, such as right-of-way (ROW) access coordination
with Union Pacific Railroad, coordination with the CalTrans for repairs along Highway
20, or additional traffic control for Highway 99. Additionally, the City has areas with
concrete-paved streets that involve additional effort to access damaged pipelines for
emergency response. The locational areas of concern are shown on Figure 9-7.

•

Magnitude of Failure. Emergency response efforts are larger or more complex for
larger diameter pipelines. Additional efforts may be required due to volume of
flooding, sinkhole potential, coordinating contractors, and materials costs. The
diameter for each pipe, as taken from the hydraulic model, is shown on Figure 9-8.

As part of the risk assessment, each pipe segment is assigned a single rating for each of the four
consequence of failure sub-categories using a scale of zero to five, with five being most severe
consequence, as indicated in Table 9-10. For the two main categories, level of service impact and
emergency response impact, the overall score is calculated to be the higher of the two sub-category
rating. The total consequence of failure score is then calculated as the sum of the two scores for
each category, such that an aggregate score of zero is the least severe and ten is the most severe.
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Table 9-10. Consequence of Failure Rating Factors
Rating (1 being the lowest, 5 being the highest)
Factor

0

1

2

3

4

5

Non-Looped
Pipe

-

Difficult to
Isolate Tank
Transmission
Pipe

Score
Assignment

Level of Service Impact
Critical
Pipelines

New
Looping
Pipeline

All Other
Existing
Pipelines

-

Critical
Customers1

New
Looping
Pipeline

All Other
Existing
Pipelines

School and
Industry(S)

School and
Industry(P) or
Utilities(S)

Utilities(P) or
Healthcare(S)

Healthcare (P)

Highway
20(b)

–

10 to 14-inch
diameter

≥ 16-inch
diameter

Maximum of
Two Factors

Emergency Response Impact
Locational
Issues

New
Looping
Pipeline

All Other
Existing
Pipelines

Railroad
ROW or
Concrete St(a)

Highway 99

Magnitude of
Failure

New
Looping
Pipeline

< 6-inch
diameter

6-inch
diameter

8-inch
diameter

Total Consequence of Failure
(P)
(S)
(a)

(b)

Maximum of
Two Factors

Sum of Two
Factors

= Indicates a primary impact of total loss of water service.
= Indicates a secondary impact of a reduction in water pressure.
Concrete streets have higher consequence of failure because they are not only more difficult to excavate in the case of an
emergency failure, but they are also a proxy indicator for areas of the system that tend to be of poor construction quality, with
shallow cover in areas with congested utilities – all of which complicate repairs.
Highway 20 considered higher consequence than Highway 99 because there are significant lengths of pipelines running parallel
to Highway 20 in Caltrans right-of-way, while pipelines in Highway 99 typically cross the ROW in pipe casings.

9.4.4 Distribution System Risk Levels

Having calculated the total likelihood and consequence of failure scores for each asset, the next
step in the risk assessment is to assign an overall risk level to each asset within the distribution
system by combining likelihood and consequence of failure scores into a single risk level. As
shown in Table 9-11, the scores for likelihood of failure and consequence of failure are each
divided into five ranges (A through E), with E being the highest level. By plotting the consequence
of failure and the likelihood of failure scores against each other, an overall risk level was assigned
to each segment. Risk was prioritized into five levels: High Risk, Medium-High Risk, Medium
Risk, Medium-Low Risk, and Low Risk. Table 9-11 shows the total length of pipelines (in miles)
out of a total of 275 miles that fall into each range. The resulting risk level for each individual pipe
segment is shown on Figure 9-9. Details can be found in Appendix H, which includes the
likelihood and consequence score and the resulting risk level for each pipeline in the distribution
system. The risk categories are further described in the following paragraphs.
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Table 9-11. Risk Assessment Results - Miles
Likelihood of Failure

Consequence of
Failure

Pipe Length, miles

A (0-1)

B (2)

C (3)

A (0-3)

18.9

20.5

5.6

12.9

11.0

68.9

B (4)

69.9

14.5

3.2

4.0

1.4

93.0

C (5)

42.4

8.1

2.4

3.8

1.3

58.0

D (6-7)

32.9

4.2

4.1

2.4

0.1

43.7

E (8-10)

5.5

1.4

3.9

0.5

0.1

11.4

169.6

48.7

19.2

23.6

13.9

275.0

Total

Key: Low Risk

Medium-Low Risk

Medium Risk

D (4)

Medium-High Risk

E (5-8)

Total

High Risk

Low Risk. Approximately 32 percent of the system by length (89 out of 275 miles) falls in the
Low Risk category, as shown in dark blue in Figure 9-9. Water pipelines in this category typically
contain the following characteristics:
•

At the lower end of the scoring range, these water pipelines are 6-inch diameter or
less, serving neighborhoods away from critical customers and locational issues. These
water lines were installed between 1980 and 2015 and have no recorded structural
failures or significant fire flow deficiencies.

•

At the higher end of the scoring range (representing the large majority of this risk
category), these water pipelines are 8-inch diameter, and are located away from
critical customers and locational issues. A few of the pipelines are of 6-inch diameter
or less and either provide service to a school or are located in concrete streets or in a
railroad ROW. These pipelines were installed between 1980 and 2015 and have no
recorded structural failures or significant fire flow deficiencies.

•

Fire flow CIPs which only consist of installing new looping pipelines and which
improve fire flow in areas which are less than 60 percent deficient are also included
in this risk category.

Medium-Low Risk. Approximately 35 percent of the system by length (96 out of 275 miles) falls
in the Medium-Low Risk category, as shown in light blue in Figure 9-9. Water pipelines in this
category typically contain the following characteristics:
•

At the lower end of the scoring range, these water pipelines are 6-inch diameter,
installed in the 1970s, and are mostly located away from critical customers and
locational issues. A few of the pipelines either provide secondary service to a school or
are located in concrete streets. Some pipelines in this category were installed between
1980 and 2015 but serve areas with fire flow deficiencies of 40 percent to 60 percent.
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•

At the higher end of the scoring range, these are 8-inch to 30-inch diameter pipelines
that were installed between 1980 and 2015 and have no fire flow deficiencies. The
8-inch diameter pipelines either serve critical customers or are located near Highway
20. Larger diameter pipelines in this scoring range may serve schools or critical
utilities, but generally have no locational issues.

•

Fire flow CIPs, which only consist of installing new looping pipelines and that
improve fire flow in areas 60 percent to 80 percent deficient are also included in this
risk category.

Medium Risk. Approximately 14 percent of the system by length (38 out of 275 miles) falls in
the Medium Risk category, as shown in yellow in Figure 9-9. Water pipelines in this category
typically contain the following characteristics:
•

At the lower end of the scoring range, these are 6-inch diameter pipelines installed in
the 1970s that serve a school or are 8-inch diameter lines installed in the 1970s with
no locational issues. These pipes have no recorded structural failures or significant
fire flow deficiencies.

•

At the higher end of the scoring range, these pipelines are 6-inch diameter lines
installed in the 1960s, or larger diameter lines (8-inch or greater) installed between
1980 and 2015 that have no recorded structural failures or fire flow deficiencies but
serve critical customers such as medical facilities and critical utilities.

Medium-High Risk. Approximately 12 percent of the system by length (32 out of 275 miles) falls
in the Medium-High Risk category, as shown in orange in Figure 9-9. Pipelines in this category
typically contain the following characteristics:
•

At the lower end of the scoring range, these pipelines are 6-inch diameter installed
before the 1960s. A small portion of these pipes are located in concrete streets or
serve schools, but the majority of them have no known locational issues and do not
serve critical customers.

•

At the higher end of this scoring range, these 8-inch diameter or greater pipelines
were installed before the 1960s or are 1970s or later pipelines of 10-inch diameter or
greater that serve critical customers such as healthcare facilities or industries, and
some are located in a concrete-capped street.

High Risk. Approximately 7 percent of the system by length (21 out of 275 miles) falls in the
High Risk category, as shown in red in Figure 9-9. Waterlines in this category typically contain
the following characteristics:
•

At the lower end of this scoring range (representing the large majority of this risk
category), these pipelines have a pre-1970s or unknown installation date with a
diameter of 4-inches or less or are pre-1980s pipes of 8-inch diameter or less with a
significant fire flow deficiency (greater than 40 percent deficient).
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•

At the higher end of this scoring range, these pipelines are mostly older (pre-1970s or
unknown installation date) and have at least two of the following characteristics:
10-inch or larger diameter transmission line, significant fire flow deficiency, service
to a critical customer, and/or located in a concrete-capped street or are adjacent to
Highway 20. This category also includes the difficult-to-isolate tank transmission
lines. The combination of advanced age, fire flow deficiency, and high consequence
of failure places them in this category.

These risk assessment results are used to prioritize pipeline replacement projects in Section 9.5.3
below.
9.5 FACILITIES REHABILITATION AND REPLACEMENT PROGRAM

The rehabilitation and replacement program presented in this section provides the City with
information to make budgeting and planning decisions for the YCWTP, booster pump and
reservoir facilities, and distribution system assets. The rehabilitation and replacement program
include both near-term improvements (repairs that should be completed within the next 5 years)
and long-term improvements (repairs that should be completed in the 5 to 20-year timeframe).
The costs for the proposed improvements were developed on a unit-cost basis for equipment costs
using the City’s cost records, manufacturers’ estimates, RS Means published costs, and West Yost
experience from similar projects. The unit costs are presented by asset classification in Table 9-2.
All costs are categorized either as replacement costs, rehabilitation costs, or upgrade costs and are
included in either the City’s operation and maintenance budget, or the City’s capital improvement
budget and are tabulated separately as such.
Within the operation and maintenance budget, equipment replacement and upgrade costs include
a 50 percent allowance for construction and installation, and also include a 35 percent
implementation multiplier for administrative, legal, engineering, and construction management
costs to develop a capital cost estimate.
Within the capital improvement budget, equipment rehabilitation projects or replacement and
upgrade projects are assumed to be constructed by an outside contractor. For equipment
rehabilitation projects, a 20 percent allowance for contractor overhead and profit is included in
addition to the 50 percent and 35 percent markups used for operations and maintenance projects.
For equipment replacement and upgrade projects, a 20 percent allowance for contractor overhead
and profit, and a 30 percent construction contingency are included in addition to the 50 percent
and 35 percent markups included for operation and maintenance projects.
The costs for the improvements are planning-level and will need to be refined during the design
process. The YCWTP and booster pump and reservoir facilities improvement costs are shown in
Appendix I and are explained in more detail in the following sections.
The following improvements are presented in this section: 1) YCWTP and Pump Station
Improvements; 2) Transmission and Distribution Piping Replacements; and 3) Well and Wellhead
Treatment Facilities Improvements.
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9.5.1 YCWTP and Pump Station Improvements

The condition assessment team identified a number of improvements through the field site visits.
These improvements include recommendations for full replacements, rehabilitations, and
upgrades. Full replacements were identified if the asset has failed or is near failure. Rehabilitations
include minor corrective actions that go beyond the routine maintenance and include actions such
as recoating or concrete repair. Upgrades are indicated where codes or regulations have changed,
or technological advances have resulted in the obsolescence of the existing asset. The
recommended improvements identified by the condition assessment team were refined in a
workshop with City staff.
Near-term YCWTP and pump station improvements include actions that should be completed
within the next 5 years. These improvements were determined through two methods: identification
of issues in the condition assessment process, and projection of replacement needs from useful
life estimates. Expected useful life provides an estimate for how long an asset will be able to
remain in service before a major rehabilitation or replacement action is needed. The useful life
estimates were determined for each asset class and are shown on Table 9-2 above. As part of the
asset inventory improvements, the installation year was recorded for each asset. Using the standard
expected useful life and the installation year, replacements can be projected for the expected year
of failure. The near-term improvements have been grouped into functional projects to assist the
City in completing the actions. The groupings were developed based on facility, process (for
YCWTP assets), and type of improvements. The detailed list of near-term projects and
recommended upgrades are included Appendix J.
Long-term YCWTP and pump station improvements include improvements in the 5-year to
20-year timeframe. The long-term improvements were identified from the remaining effective life
for each asset, which is calculated as the total life expectancy (from Table 9-2 above) minus the
actual age of the asset. It should be noted, however, that these life projections are not perfectly
reliable. Some assets may last longer due to favorable operating conditions, the impact of regular
maintenance activities, or other factors. Similarly, some assets may fail sooner than expected due
to poor construction, material quality issues, or other factors. However, the remaining effective
life estimate does provide overall a reasonable indicator of the timing of future improvements
necessary each year. The long-term improvement needs and costs are detailed in Appendix I.
YCWTP and pump station improvements that are expected to be funded by the City’s operation
and maintenance budget are summarized in Table 9-12. Table 9-13 summarizes improvement
costs included in the City’s capital improvement budget.
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Table 9-12. Operation and Maintenance Budget Improvements to Address Existing
System Deficiencies (a)(b)
Capital Cost (in dollars)
Location

0-5 Years

5-10 Years

10-15 Years

15-20 Years

YCWTP
Groundwater Supply Well
Chemical Addition

0

0

191,700

0

136,500

366,400

226,400

185,000

9,000

156,300

198,600

155,600

1,144,400

2,355,700

1,205,900

2,433,200

0

37,700

2,100

3,900

472,000

1,038,000

2,022,100

1,352,200

Site Systems

0

76,700

0

5,800

Buildings

0

36,500

0

2,300

Percolation Ponds

0

12,700

0

0

$1,761,900

$4,080,000

$3,846,800

$4,138,100

Conventional Filtration
Membrane Filtration
Disinfection and Storage
High Service Pump Station

Subtotal

Booster Pump Station and Reservoir Facilities
Low Lift Pump Station

310,400

995,900

539,500

542,800

Garden Highway

150,000

518,100

207,300

237,200

Harter

435,400

366,300

243,500

625,200

Rowe Avenue

155,200

86,000

100,000

34,500

Sam Brannan

731,000

85,300

100,500

65,900

Sanborn

781,600

310,200

311,400

363,700

Subtotal

$2,563,600

$2,361,800

$1,502,200

$1,869,300

Total

$4,325,500

$6,441,800

$5,349,000

$6,007,300

(a)
(b)

Costs shown are based on the December 2017 20-Cities ENR CCI of 10,873.
See Appendix I and Appendix J for detailed costs.
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Table 9-13. Capital Improvement Budget Improvements to Address Existing System
Deficiencies(a)(b)
Capital Cost (in dollars)
Location

0-5 Years

5-10 Years

10-15 Years

15-20 Years

Chemical Addition

1,834,600

25,600

400

473,900

Conventional Filtration

6,300,800

1,177,400

842,800

102,300

0

20,900

321,900

183,800

Disinfection and Storage

230,000

0

200

420,000

High Service Pump Station

698,100

1,866,400

150,000

232,600

Site Systems

851,000

633,700

535,000

109,600

0

0

$0

1,104,000

2,221,800

324,500

691,500

159,500

$12,136,300

$4,048,500

$2,541,800

$2,785,700

3,400

273,800

250,000

0

Garden Highway

3,041,100

3,000

196,000

8,500

Harter

1,333,800

4,000

1,426,100

1,159,800

Rowe Avenue

3,242,200

2,036,900

46,500

13,000

Sam Brannan

1,816,000

281,000

42,400

21,000

9,200

983,200

28,400

0

Subtotal

$9,445,700

$3,581,900

$1,989,400

$1,202,300

Total

$21,582,000

$7,630,400

$4,531,200

$3,988,000

YCWTP

Membrane Filtration

Buildings
Electrical Service
Subtotal

Booster Pump Station and Reservoir Facilities
Low Lift Pump Station

Sanborn

(a)
(b)

Costs shown are based on the December 2017 20-Cities ENR CCI of 10,873.
See Appendix I and Appendix J for detailed costs.

9.5.2 Transmission and Distribution Pipeline Replacements

The transmission and distribution pipeline replacements were prioritized according to the risk
analysis discussed above in Section 9.4.
Fire flow improvements were grouped into capital improvement projects by their ability to resolve
local fire flow deficiencies. These projects are summarized in Table H-1 in Appendix H, which
shows fire flow projects prioritized so that pipelines that pose the highest risk (Risk level 5) to the
City are completed first. These fire flow improvement projects are also shown graphically in
Figures H-1 through H-4 in Appendix H. Note that because fire flow CIP projects group multiple
pipes together into a single project, all individual pipelines in the same fire flow CIP were assigned
the highest risk level among the individual pipelines in that CIP project.
Table H-2 in Appendix H shows the full prioritized list of all transmission and distribution pipelines
included in this analysis (including those that are part of a fire flow CIP), with pipelines that pose
the highest risk (Risk level 5) to the City at the top of the list for replacement first. Table H-2 in
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Appendix H also references the Fire Flow CIP ID from Table H-1 for pipelines that improve fire
flows. Note that pipelines 6-inches in diameter or less will be replaced with 8-inch diameter
pipelines.
The estimated costs of the pipeline improvements are summarized by consequence of failure,
likelihood of failure, and risk rating in Table 9-14.
Table 9-14. Estimated Pipeline Replacement Costs - Millions of Dollars
Likelihood of Failure
Pipe Length, miles

Consequence of
Failure

A (0-3)

Key: Low Risk

A (0-1)

C (3)

D (4)

E (5-8)

Total

37.9

10.6

23.5

$20.6

127

25.9

6.2

7.4

3.6

168

97.9

19.1

5.6

7.9

3.2

134

D (6-7)

108.9

10.6

10.9

4.8

0.2

135

E (8-10)

14.8

$3.5

15.2

1.1

0.3

35

B (4)
C (5)

Total
Medium-Low Risk

34.6

B (2)

125

$381
Medium Risk

$97

$48

Medium-High Risk

$45

$28

$599

High Risk

The total approximate replacement value of the pipelines within each risk level are as follows:
Low Risk = $160M, Medium-Low Risk = $245M, Medium Risk = $81M, Medium-High Risk =
$65M, and High Risk = $49M.
The transmission and distribution pipeline replacement program is discussed further in Chapter 10.
9.5.3 Groundwater Supply Wells Improvements

The following recommendations are based on the well assessment and ranking discussed in
Section 9.3 above. Although many of the City’s existing wells are likely at, or near, the end of their
useful life, selected wells could potentially be reactivated more quickly and at less cost than the cost
of drilling and equipping new emergency wells. Recommendations listed below are general
guidelines, based on site visits for wells 3, 4, 5, 7, 8 and 9 and desktop assessments for other sites.
The City will likely also consider other factors in deciding whether to retain or destroy well sites.
The recommendations are as follows:
1. WTP Well: Continue to use the well as a supplemental source for the YCWTP.
Evaluate for use as short-term emergency supply with wellhead treatment to reduce
arsenic concentrations.
2. Former HWC Wells 5, 8 and 9: Consider evaluating wells for use as short-term
emergency supply with wellhead treatment likely for some wells to reduce
arsenic concentrations.
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3. Former HWC Wells 18, 19, 20 and 22: Consider evaluating wells for use as
short-term emergency supply with wellhead treatment likely for some wells to reduce
nitrate concentrations. Well sites have sufficient space to add treatment.
4. Former HWC Wells 3, 4, 7, 13, 16, and 17: Destroy wells per applicable State and
local well destruction requirements and decommission well sites.
5. Former HWC Wells 2, 14 and 21: Verify abandoned wells are destroyed per
applicable State and local well destruction requirements and decommission well sites.
Table 9-15 summarizes the nominal yield and planning-level capital costs to evaluate and
reactivate the eight highest ranked wells listed above for use as a groundwater-only emergency
supply. The costs are planning-level based on the assumption that the following general steps will
be applied at each well site:
1. Removal of existing pumping equipment, downhole video logging, downhole
cleaning and repair, water quality sampling and test pumping to provide the basis of
design for emergency well equipping;
2. Emergency equipping, including pump, motor and related mechanical equipment,
electrical and controls, piping, site civil work and a generator at each well site, and
demolition of obsolete or nonfunctional equipment and civil features; and
3. Treatment to meet primary standards for arsenic and nitrate (applies only to wells
likely or known to exceed the MCLs).
Figure 9-10 shows the cumulative capacity and cost of equipping the eight highest ranked existing
wells. These wells have a total nominal capacity of 9.6 mgd at a planning level cost of $9.4 million.
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Table 9-15. Well Parcels
Well

APN

Parcel Size, Parcel Size,
sq ft
acres

Address

Comments

Recommendation

2

22-162-016 Meadow Ave

5,969

0.14

Insufficient size for a replacement Confirm destroyed per applicable state and local
well or other water infrastructure standards and sell site.

3

22-171-007 1289 Creswell Dr

21,574

0.50

Sufficient size for replacement
well or other water infrastructure

Retain site for future municipal use.

56-282-018 1234 Joseph St

35,626

0.82

Sufficient size for replacement
well or other water infrastructure

Retain site for future municipal use.

5

22-251-030 Franquette Dr

1,567

0.04

Insufficient size for a replacement Retain site for remaining service life of Well 5 for
well or other water infrastructure immediate short-term emergency use.

8

22-371-009 La Grande Ave

1,302

0.03

Insufficient size for a replacement Retain site for remaining service life of Well 8 for
well or other water infrastructure immediate short-term emergency use.

9

56-161-008 Edwin Dr

1,198

0.03

Insufficient size for a replacement Retain site for remaining service life of Well 9 for
well or other water infrastructure immediate short-term emergency use.

13

57-054-010 Dean Dr

1,647

0.04

Insufficient size for a replacement Destroy per applicable state and local standards
well or other water infrastructure and sell site

4,7

Confirm destroyed per applicable state and local
standards and determine ownership status of site.

appears to have been removed

14

16,17 51-516-007 Darrough Dr

10,982

0.25

Sufficient size for replacement
well or other water infrastructure

Retain site for future municipal use.

18

62-210-002 1488 Royo Ranchero Dr

9,120

0.21

Sufficient size for replacement
well or other water infrastructure

Retain site for future municipal use.

19

62-270-010 3059 Jefferson Ave

9,794

0.22

Sufficient size for replacement
well or other water infrastructure

Retain site for future municipal use.

20

62-250-040 1480 Williamsburg Dr

17,122

0.39

Sufficient size for replacement
well or other water infrastructure

Retain site for future municipal use.

21

62-180-043 Butte House Rd

1,679

0.04

Insufficient size for a replacement Confirm destroyed per applicable state and local
well or other water infrastructure standards and sell site.

22

61-060-015 2761 Quail Point Dr

9,194

0.21

Sufficient size for replacement
well or other water infrastructure
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Figure 9-10. Emergency Well Estimated Cumulative Capacity and Cost

Six of the former HWC wells (wells 3, 4, 7, 13, 16 and 17) should be destroyed per applicable
State and local well destruction requirements and the well sites decommissioned. For planning
purposes, well destruction is estimated to average $50,000 per well, for a total estimated cost of
$300,000 for six wells. During implementation of the recommendations above, other wells may
be identified as unsuitable for use and destruction will be necessary.
Table 9-16 summarizes information on the well site parcels. Some of the well sites are very small
and not ideal for replacement wells or other new water infrastructure. The well site parcels in this
category are:
•

Well Site 2 (reportedly abandoned)

•

Well Site 5 (recommended for evaluation as an emergency well)

•

Well Site 8 (recommended for evaluation as an emergency well)

•

Well Site 9 (recommended for evaluation as an emergency well)

•

Well Site 13 (recommended for destruction)

•

Well Site 21 (reportedly abandoned)

For the well site parcels listed above containing abandoned wells or wells to be destroyed, the City
may consider demolition of any remaining above ground infrastructure and divesting itself of the
parcels. If Wells 5, 8 or 9 are determined to be unsuitable for re-activation for emergency use, the
City may also consider destroying the well (see estimated destruction cost above), demolition of
any remaining above ground infrastructure and divesting itself of these parcels. For planning
purposes, well site decommissioning at three of the listed sites is estimated to average $40,000 per
site, for a total estimated cost of $120,000.
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Table 9-16. Well Parcels
Well

APN

Parcel Size, Parcel Size,
sq ft
acres

Address

Comments

Recommendation

2

22-162-016 Meadow Ave

5,969

0.14

Insufficient size for a replacement Confirm destroyed per applicable state and local
well or other water infrastructure standards and sell site.

3

22-171-007 1289 Creswell Dr

21,574

0.50

Sufficient size for replacement
well or other water infrastructure

Retain site for future municipal use.

56-282-018 1234 Joseph St

35,626

0.82

Sufficient size for replacement
well or other water infrastructure

Retain site for future municipal use.

5

22-251-030 Franquette Dr

1,567

0.04

Insufficient size for a replacement Retain site for remaining service life of Well 5 for
well or other water infrastructure immediate short-term emergency use.

8

22-371-009 La Grande Ave

1,302

0.03

Insufficient size for a replacement Retain site for remaining service life of Well 8 for
well or other water infrastructure immediate short-term emergency use.

9

56-161-008 Edwin Dr

1,198

0.03

Insufficient size for a replacement Retain site for remaining service life of Well 9 for
well or other water infrastructure immediate short-term emergency use.

13

57-054-010 Dean Dr

1,647

0.04

Insufficient size for a replacement Destroy per applicable state and local standards
well or other water infrastructure and sell site

4,7

Confirm destroyed per applicable state and local
standards and determine ownership status of site.

appears to have been removed

14

16,17 51-516-007 Darrough Dr

10,982

0.25

Sufficient size for replacement
well or other water infrastructure

Retain site for future municipal use.

18

62-210-002 1488 Royo Ranchero Dr

9,120

0.21

Sufficient size for replacement
well or other water infrastructure

Retain site for future municipal use.

19

62-270-010 3059 Jefferson Ave

9,794

0.22

Sufficient size for replacement
well or other water infrastructure

Retain site for future municipal use.

20

62-250-040 1480 Williamsburg Dr

17,122

0.39

Sufficient size for replacement
well or other water infrastructure

Retain site for future municipal use.

21

62-180-043 Butte House Rd

1,679

0.04

Insufficient size for a replacement Confirm destroyed per applicable state and local
well or other water infrastructure standards and sell site.

22

61-060-015 2761 Quail Point Dr

9,194

0.21

Sufficient size for replacement
well or other water infrastructure
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Other well site parcels listed in Table 9-16 have significant acreage and may be suitable for
replacement wells, pump stations, tanks, or other City infrastructure. These sites are:
•

Well Site 3 (recommended for destruction)

•

Combined Well Site 4 and 7 (recommended for destruction)

•

Combined Well Site 16 and 17 (recommended for destruction)

•

Well Site 18 (recommended for evaluation as an emergency well)

•

Well Site 19 (recommended for evaluation as an emergency well)

•

Well Site 20 (recommended for evaluation as an emergency well)

•

Well Site 22 (recommended for evaluation as an emergency well)

For the well site parcels listed above containing wells to be destroyed, the City may consider
demolition of any remaining above ground infrastructure and reuse of the site for other City
infrastructure or divestiture. If Wells 18, 19, 20 or 21 are determined to be unsuitable for re-activation
for emergency use, the City may also consider destroying the well (see estimated destruction cost
above), demolition of any remaining above ground infrastructure and reuse of the site for other City
infrastructure or divestiture. For planning purposes, well site decommissioning at three of the listed
sites is estimated to average $100,000 per site, for a total estimated cost of $300,000.
For the well site parcels listed above containing wells to be destroyed, the City may consider
demolition of any remaining above ground infrastructure and reuse of the site for other City
infrastructure or divestiture. If Wells 18, 19, 20 or 21 are determined to be unsuitable for re-activation
for emergency use, the City may also consider destroying the well (see estimated destruction cost
above), demolition of any remaining above ground infrastructure and reuse of the site for other City
infrastructure or divestiture. For planning purposes, well site decommissioning at three of the listed
sites is estimated to average $100,000 per site, for a total estimated cost of $300,000.
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This chapter presents the recommended Capital Improvement Program for the City’s YCWTP and
distribution system, based on the evaluations described in Chapters 4 and 6 through 9 of this WTP
and Distribution System Master Plan. Along with a summary of the recommended capital
improvement projects, this chapter provides estimates of probable construction costs. Probable
construction cost estimates are developed individually for each proposed improvement project.
It should be noted that the recommended CIP only identifies improvements at a master plan level
and does not necessarily include all required on-site infrastructure or provide design of
improvements. Subsequent detailed design is required to determine the exact sizes and locations
of these recommended improvements.
The following sections of this chapter summarize the cost estimating methodology and present the
capital improvement program to address existing system deficiencies and future growth:
•

Cost Estimating Assumptions

•

Summary of Recommended Capital Improvement Program

•

Supply Improvements

•

Rehabilitation and Replacement Program

•

Water Treatment Plant Capacity Improvements

•

Distribution System Capacity Improvements

•

Demand Triggers for New Facilities Construction

10.1 COST ESTIMATING ASSUMPTIONS

Construction costs are presented in December 2017 dollars based on an Engineering News Record
(ENR) Construction Cost Index (CCI) of 10,873 (20-Cities Average). Construction costs were
developed based on bids on other water facilities for the design projects and from standard cost
estimating guides. A design and construction contingency of 30 percent of the base construction
costs is used. Markups for professional services during design and construction are 30 percent of
the base construction costs plus the design and construction contingency, as listed below.
•

Design and Construction Contingency: 30 percent

•

Professional Services: 30 percent of the base construction cost plus the Design and
Construction Contingency. Professional services are comprised of the following:
Design:
Construction Management and Inspection:
Permitting, Regulatory and CEQA Compliance:
City Administration, Public Outreach, and Legal:
Total:
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The contingency and professional services markups are compounded, so the total capital costs
include mark-ups equal to 69 percent of the estimated base construction cost [(Base Construction
Cost x 1.3 Construction Contingency) x 1.3 Professional Services = 1.69].
For this WTP and Distribution System Master Plan, it is assumed that recommended distribution
system facilities will be developed in public rights-of-way or on public property; therefore, land
acquisition costs have not been included. The construction cost estimates do not include costs for
annual operation and maintenance. A description of the assumptions used in the development of
the estimated probable construction costs is provided in Appendix K.
10.2 SUMMARY OF RECOMMENDED CAPITAL IMPROVEMENT PROGRAM

This section presents a summary of the recommended capital improvement program to address
existing deficiencies and future growth. Subsequent sections describe each of the program areas in
more detail.
Table 10-1 summarizes recommended capital improvement projects to address existing system
deficiencies, which have a total estimated capital cost of $105M. Recommended timing of
expenditures is shown in five-year increments for a 20-year planning horizon. Recommended
capital improvement projects include supply improvements, and renewal and replacement program
improvements. The renewal and replacement program includes costs for improvements to existing
facilities (YCWTP, and booster pump stations and tanks), and a budget for pipeline replacement
at $3M per year, starting in Year 1 of the program. The existing distribution system evaluation
identified potential pipeline improvements to address deficiencies and improve fire flow. These
potential projects were incorporated into and prioritized together with the pipeline renewal and
replacement program and are not listed separately.
To develop the recommended 20-year program, timing of funding for facility improvements was
established using the existing asset condition scores, along with useful life information to develop
renewal and replacement schedules. Supply, and pipeline renewal and replacement projects were
then sequenced to balance expenditures over the 20-year timeframe.
Table 10-2 summarizes the recommended supply, YCWTP and distribution system capital
improvement projects to address future growth. These improvements have a total estimated capital
cost of $369M. The YCWTP has a current capacity of 30 mgd. Although buildout demand is
estimated to be 51 mgd, YCWTP capacity improvements were developed to initially expand the
WTP to 42 mgd and later to 54 mgd, based on logical future expansion increments of 12 mgd.
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Table 10-1. Summary of Capital Improvement Program for Existing System Deficiencies(a)

Facility

1-5 Year

Capital Costs, $M
11-15 Year

6-10 Year

16-20 Year

Total

(b)

Supply Improvements
Rehab Wells 5, 8 and 9 for Emergency Supply
New Well at WTP for Emergency Supply
Renewal/Replacement Program(c)
Low Lift PS
YCWTP
Garden Highway Booster Pump Station/Tank
Harter Booster Pump Station/Tank
Rowe Booster Pump Station/Tank
Sam Brannan Booster Pump Station/Tank
Sanborn Booster Pump Station/Tank
Pipelines

$
$

-

$
$

4.5

$
$

3.2
-

$
$

-

$
$

3.2
4.5

Subtotal $

-

$

4.5

$

3.2

$

-

$

7.7

$
$
$
$
$
$
$
$
$
$

0.3
4.0
0.0
0.0
2.0
0.3
1.0
15.0
22.6
27.1

$
$
$
$
$
$
$
$
$
$

0.3
2.5
0.2
1.4
0.0
0.0
0.0
15.0
19.5
22.7

$
$
$
$
$
$
$
$
$
$

$
$
$
$
$
$
$
$
$
$

0.5
21.5
3.2
3.9
5.3
2.2
1.0
60.0
97.7
105.4

$
$
$
$
$
$
$
$
Subtotal $
Total $

0.0
12.1
3.0
1.3
3.2
1.8
0.0
15.0
36.6
36.6

2.8
0.0
1.2
0.0
0.0
15.0
19.0
19.0

(a) Costs shown are based on the December 2017 20-Cities ENR CCI of 10,873.
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Table 10-2. Summary of Capital Improvement Program for Future Growth (a)
Construction Cost, $M(b)

Facility
Supply(d)
Future Emergency Supply Wells - 3 ASR wells
Future Water Supply Study

Capital Cost, $M(c)

$
$

10.3
0.3

$
$

13.4
0.3

Subtotal $

10.6

$

13.7

$
$

71.7
41.9

$
$

93.2
54.4

Subtotal $

113.6

$

147.6

37.7 $
122.3 $
160.0 $
284.1 $

49.0
159.0
208.0

(e)

Water Treatment Plant
Phase 1 - Expansion to 42 MGD
Phase 2 - Expansion to 54 MGD
(f)

Distribution System
Near-term Projects - Expansion to 28.5 MGD
$
Buildout Projects - Expansion to 51 MGD
$
Subtotal $
Total $
(a)

Costs shown are based on the December 2017 20-Cities ENR CCI of 10,873.

(b)

Costs include mark-ups equal to 30 percent (Base Construction Costs plus Construction Contingency).

369.3

(c)

Costs include mark-ups equal to 69 percent (Base Construction Costs plus Construction Contingency: 30 percent and; Professional Services: 30
percent of Base Construction Cost plus Contingency).
(d)
See Table 10-3. Summary of Supply Improvements, Future Supply Improvements .
(e)

See Table 10-8. YCWTP Capital Improvement Program for Future Capacity Expansion.

(f)

See Table 10-9. Recommended Water Distribution System Capital Improvement Program for Future Growth.
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10.3 SUPPLY IMPROVEMENTS

Table 10-3 summarizes recommended supply improvements. Existing supply improvements
include the rehabilitation of former Hillcrest System wells 5, 8 and 9, with associated capacities
of 850, 800 and 600 gpm, respectively, construction of a 1500 gpm intertie with the City of
Marysville, and construction of a new 1500 gpm well at the YCWTP. Together, these projects,
along with the existing 1,400 gpm well at the YCWTP will provide a total capacity of 6,650 gpm,
or 9.6 mgd of emergency supply if the YCWTP is out of service. Funds for the intertie with
Marysville have already been encumbered and are not shown on the table.
Future supply improvements include a future water supply study, to evaluate potential future
surface water supplies to supplement existing supplies, and construction of additional wells to
increase emergency supply. A placeholder budget is included for construction of three wells with
at least 1,200 gpm capacity each, to increase emergency supply to 14.8 mgd.
10.4 REHABILITATION AND REPLACEMENT PROGRAM

An asset evaluation was performed (see Chapter 9), using condition and age information for critical
systems to develop a prioritized plan to increase reliability and extend the useful life of the system
assets. Capital costs for the YCWTP, pump station improvements and pipelines are summarized
below. Recommended well rehabilitation projects are included in Section 10.3 Supply Improvements.
10.4.1 Facilities

Table 10-4 summarizes YCWTP and pump station improvements recommended in the next
20-year timeframe. Improvement recommendations for projects within the next five years have a
total capital cost of $21.6M and were developed based on issues identified during condition
assessments, and the projection of replacement needs from useful life estimates. Improvement
recommendations in the five-year to 20-year timeframe have a total capital cost of $16.1M and are
based on replacement needs from the effective remaining life of the asset (total life expectancy
minus age).
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Table 10-3. Summary of Supply Improvements(a)
CIP ID

Construction Cost, $M(b)

Improvement Description

Existing Supply Improvements
Rehab Wells 5, 8 and 9 for emergency supply (assumed
WELL-RR-01
capacity of 2,250 gpm based on historical capacities)
New 1,500 gpm ASR Well at WTP for emergency and peaking
WELL-RR-02
supply

Capital Cost, $M(c)

$

2.5

$

3.2

$

3.4

$

4.5

Subtotal $

5.9

$

7.7

$

10.3

$

13.4

$
$
$

0.3
10.6
16.5

$
$
$

0.3
13.7
21.4

Future Supply Improvements
WELL-FUT-01
WELL-FUT-02

(a)

Install 3 ASR Wells, locations to be determined, for emergency
and peaking supply (assumed capacity of 1,200 gpm each)
Conduct Future Water Supply Study
Subtotal
Total

Costs shown are based on the December 2017 20-Cities ENR CCI of 10,873.

(b)

Costs include mark-ups equal to 30 percent (Base Construction Costs plus Construction Contingency).
Costs include mark-ups equal to 69 percent (Base Construction Costs plus Construction Contingency: 30 percent and; Professional Services: 30 percent of Base
Construction Cost plus Contingency).

(c)
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Table 10‑4. 20-Year WTP, Storage and Pumping Renewal and Replacement Improvements to Address Existing
Deficiencies(a)(b)
Capital Cost
Location

1-5 Years

6-10 Years

11-15 Years

16-20 Years

YCWTP
Chemical Addition
Conventional Filtration
Membrane Filtration
Disinfection and Storage
High Service Pump Station
Site Systems
Buildings
Electrical Service

$1,834,600
$6,300,800
$0
$230,000
$698,100
$851,000
$0
$2,221,800

$25,600
$1,176,300
$20,900
$0
$1,866,400
$633,700
$0
$324,500

$400
$842,800
$321,900
$200
$150,000
$535,000
$0
$691,500

$473,900
$102,300
$183,800
$420,000
$232,600
$109,600
$1,104,000
$159,500

Subtotal
$12,136,300
Booster Pump Station and Reservoir Facilities

$4,047,400

$2,541,800

$2,785,700

Low Lift Pump Station
Garden Highway
Harter
Rowe Avenue
Sam Brannan
Sanborn

$3,400
$3,041,100
$1,333,800
$3,242,200
$1,816,000
$9,200
$9,445,700

$273,800
$3,000
$4,000
$2,036,900
$281,000
$983,200
$3,581,900

$250,000
$196,000
$1,426,100
$46,500
$42,400
$28,400
$1,989,400

$0
$8,500
$1,159,800
$13,000
$21,000
$0
$1,202,300

$21,582,000

$7,629,300

$4,531,200

$3,988,000

Subtotal
Total
(a)

Costs shown are based on the December 2017 20-Cities ENR CCI of 10,873.

(b)

See Appendix G and Appendix H for detailed costs.
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10.4.2 Pipelines

Prioritization of transmission and distribution pipeline replacements was based on the risk
assessment discussed in Chapter 9. Pipeline replacements were prioritized by risk level, with the
highest risk pipelines (Risk 5) listed first. Pipeline replacement costs, including fire flow
improvements and existing system replacements, are summarized in Table 10-5.
Table 10-5. Pipeline Replacement Costs by Risk Rating
Fire Flow
Improvement Projects

Existing System
Replacements

Total Estimated
Capital Cost

$15,668,000

$33,290,000

$48,958,000

4 – Medium-High

$6,797,000

$58,147,000

$64,944,000

3 – Medium

$4,417,000

$76,600,000

$81,017,000

2 – Medium Low

$6,126,000

$238,564,000

$244,690,000

1 – Low

$3,699,000

$155,906,000

$159,605,000

$36,707,000

$562,507,000

$599,214,000

Risk Rating
5 – High

Total

The City’s existing pipeline system is valued at approximately $600M. Pipeline replacement rates
of 0.25 percent ($1.5M per year) and 0.5 percent ($3M per year) were evaluated to determine the
impacts on the risk levels of the City’s water distribution system over a 20-year replacement
program. This analysis does not take into account the effect of 20 years of additional aging on the
City’s existing system.
Figure 10-1 compares the risk profiles for the City’s existing system with the two evaluated
replacement programs. The City currently has about 20 miles of pipeline rated as high risk. At a
replacement rate of 0.25 percent per year, the City will have replaced approximately half the length
of the existing high risk pipelines in the system after 20 years, slightly increasing the amount of
risk levels low, medium-low and medium in the system (as pipelines are replaced they are
reassessed and assigned a lower risk level). At a replacement rate of 0.5 percent per year, the City
will have replaced all of the high risk pipelines in the system after 20 years as well as a portion of
the medium-high risk level pipelines, significantly increasing the amount of low, medium-low and
medium risk pipelines in the system.
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Figure 10-1. Pipeline Risk Distribution for Existing System and After Implementation of
20-Year Replacement Programs
120

Length of Pipeline (miles)
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40

20

0
Low

Medium-Low

Medium

Medium-High

High

Risk Level
Existing System

20-Year Replacement Program, $1.5M/yr

20-Year Replacement Program, $3M/yr

As the City develops construction packages, it is recommended that the City work down the
prioritized list of projects in Table H-2 in Appendix H, from high-risk to low-risk projects.
10.5 WATER TREATMENT PLANT CAPACITY IMPROVEMENTS

Table 10-6 presents capital improvement costs for YCWTP expansion, initially to 42 mgd, and
ultimately to 54 mgd. The Phase 1 expansion of the YCWTP from 30 mgd to 42 mgd has a capital
cost of $93M. Phase 1 requires significant capital expense, since construction of a new LLPS, raw
water pipeline, several new process units and supporting systems will need to be constructed at the
YCWTP ultimate planned capacity of 54 mgd. Phase 2 expansion of the YCWTP from 42 mgd to
54 mgd is estimated at $54M.

10-9
January 2019
w:\c\285\12-17-12\wp\mp\Ch10

City of Yuba City
Water Treatment Plant and
Distribution System Master Plan

Table 10-6. YCWTP Capital Improvement Program for Future Capacity Expansions(a)
Facility
Phase 1 - Expansion to 42 MGD
General Conditions
New River Intake
Low Lift Pump Station (LLPS #2)
Raw Water Pipeline
Grit Removal System
Conventional Pretreatment Proc
Membrane System Pretreatment
Membrane Filter System
Disinfection CT Weir Structure
New TW Pipeline to HLPS
Disinfect SBW Sump & new pump
New Waste Water Sump & Pump Station
Powdered Activated Carbon Syst
Hypochlorite System
Aluminum Sulfate System
Clearwells 1&2 Valve Vault
Total
Phase 2 - Expansion to 54 MGD
General Conditions
Increase LLPS #2 Capacity
Conventional Pretreatment Proc
Granular Media Filters
Clearwell No. 4
HLPS Pump & New TW Pipeline to City
New HLPS & One 9 MGD Pump
Subtotal
Total

Construction Cost(b)
$
$
$
$
$
$
$
$
$

$

$
$
$
$
$
$
$
$
$
$

Capital Cost(c)

3,414,000 $
4,438,000
10,400,000 $
13,500,000
11,373,000 $
14,785,000
19,884,000 $
25,849,000
Included in Rehabilitation/Replacement Program
12,076,000 $
15,698,000
1,317,000 $
1,712,000
11,430,000 $
14,859,000
Included in Rehabilitation/Replacement Program
622,000 $
809,000
629,000 $
817,000
Included in Rehabilitation/Replacement Program
Included in Rehabilitation/Replacement Program
554,000 $
720,000
Included in Rehabilitation/Replacement Program
Included in Rehabilitation/Replacement Program
71,699,000 $
93,187,000
1,994,000
1,908,000
11,818,000
8,414,000
14,491,000
1,228,000
2,025,000
41,878,000
113,577,000

$
$
$
$
$
$
$
$
$

2,592,000
2,481,000
15,363,000
10,938,000
18,839,000
1,596,000
2,632,000
54,441,000
147,628,000

(a)

Costs shown are based on the December 2017 20-Cities ENR CCI of 10,873.

(b)

Costs include a 30 percent Construction Contingency.

(c)

Costs include a 30 percent Construction Contingency added to Base Construction Cost, and
a 30 percent Professional Services added to the Base Construction Cost plus Construction Contingency (multipliers
are compounded for a total multiplier of 69 percent).
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10.6 DISTRIBUTION SYSTEM CAPACITY IMPROVEMENTS

Table 10-7 and Figure 10-2 summarize capital improvements in the distribution system to meet
near-term demand and buildout demand. Near-term system improvements have a total capital cost
of $49M, and include installation of a new 3 MG tank at the Franklin Tank site, and corresponding
transmission pipelines to serve new development areas anticipated to develop in the near-term,
including the Walnut Park West area, the east portion of the El Margarita Master Plan area, the
east portion of the Lincoln East Specific Plan area, the Sutter Heritage Master Plan area and the
Bogue Stewart Master Plan area (see Figure 3-11). Depending on the location of development,
the Garden/Burns site could be used as an alternative to the Franklin Tank site.
Buildout system improvements have a total capital cost of $159M and include expansion of the
Franklin Tank site by 3 MG, expansion of the Garden/Burns Tank site by 3.3 MG, and two new
tanks, the 4 MG Royo Ranchero Tank and the 4.5 MG Hooper Tank.
If the three future ASR supply wells are installed, as recommended in this Master Plan, they can
be used to meet emergency demand needs, and the Royo Ranchero Tank can be eliminated.
10.7 DEMAND TRIGGERS FOR NEW FACILITIES CONSTRUCTION

Future demand projections were developed for buildout of the General Plan area plus development
of the Bogue Stewart area, with the timing of demands based on two population growth scenarios
of 1 percent per year, based on input from City Planning, and 2.4 percent per year, based on an
analysis by SACOG. This section evaluates the higher growth rate scenario to identify demand
triggers or thresholds for the City to use that would trigger construction of new facilities.
Table 10-8 summarizes the demand triggers for the YCWTP expansion, HLPS expansion and
distribution system storage tanks.
As shown on Table 10-8, the higher growth projections indicate that the YCWTP will reach its
30 mgd capacity by about 2025. With a five-year planning window, from start of planning to
completion for WTP expansion, project planning should begin when MDD is about 26 mgd,
estimated to occur by 2020. This provides two years for the City to test and confirm that the WTP
has a reliable firm capacity of 30 mgd.
With appropriate monitoring, the YCWTP can be operated at a higher filter rate of 7.5 gpm/sf.
Although the City has indicated it does not intend to operate at the higher filter rate as part of its
normal operating practices, doing so would allow the City to delay WTP expansion by up to five
years, and this should be considered as a back-up option. The City would need to test particle
counting monitoring equipment to ensure that it can reliably meet regulatory monitoring
requirements at the higher filter rate.
Expansion of the HLPS is projected to be needed once MDD reaches approximately 27 mgd. The
HLPS expansion can be coordinated with the YCWTP expansion.
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Table 10-7. Recommended Water Distribution System Capital Improvement Program for Future Growth

CIP ID
Improvement Description
Location
Near Term Capital Improvement Transmission Projects
Install 40 feet of new 12-inch pipe, Install 2,650 feet of
PL-NT-01
Bogue Road between Highway 99 and Columbia Drive
new 16-inch pipe
Bogue Road between Sanborn Road and Germaine
PL-NT-02
Install 2,240 feet of new 16-inch pipe
Drive
Install 9,580 feet of new 12-inch pipe, Install 11,020
PL-NT-03
Bogue Stewart Area
feet of new 16-inch pipe
El Margarita Road between 736 El Margarita Road and
PL-NT-04
Install 1,980 feet of new 12-inch pipe
Imperial Way
Franklin Road between George Washington Boulevard
PL-NT-05
Install 4,590 feet of new 24-inch pipe
and Harding Road
From North end of Western Parkway West to Township
PL-NT-06
Install 2,120 feet of new 12-inch pipe
Road
George Washington Boulevard between Lincoln Road
PL-NT-07
Install 5,280 feet of new 24-inch pipe
and Franklin Road
Harter Parkway Extension between Franklin Road and
PL-NT-08
Install 3,320 feet of new 24-inch pipe
Redhaven Avenue
Lincoln Road between George Washington Boulevard
PL-NT-09
Install 3,250 feet of new 24-inch pipe
and Ohleyer Road
North Side of Highway 20 between Township Road and
PL-NT-10
Install 1,550 feet of new 16-inch pipe
Emma Court
PL-NT-11
Install 1,210 feet of new 16-inch pipe
Sanborn Road between Nand Drive and Bogue Road
Township Road between Highway 20 and Almendra
PL-NT-12
Install 2,440 feet of new 12-inch pipe
Road
PL-NT-13

Estimated
Construction Cost(c)

Capital Cost
(includes
mark-ups)(d)

$1,183,000

$1,538,000

$989,300

$1,286,000

$8,355,100

$10,862,000

$720,200

$936,000

$2,861,300

$3,720,000

$768,300

$999,000

$3,289,000

$4,276,000

$2,068,300

$2,689,000

$2,028,000

$2,636,000

$685,100

$891,000

$534,300

$695,000

$887,900

$1,154,000

Install 1,330 feet of new 12-inch pipe

Walton Avenue between Bogue Road and Smith Road

$482,300

$627,000

PL-NT-14

Install 3,060 feet of new 16-inch pipe

Bogue Road between Germaine Drive and Highway 99

$1,349,400

$1,754,000

PL-NT-15

Install 3,480 feet of new 12-inch pipe, Install 3,030 feet
of new 14-inch pipe

$2,484,300

$3,230,000

$28,685,800

$37,293,000

$8,999,900

$11,700,000

$8,999,900
$37,685,700

$11,700,000
$48,993,000

$1,687,400

$2,194,000

Railroad Avenue between Tuscan Road and Stewart
Road
Subtotal

Near Term Capital Improvement Pumping and Storage Projects
Install 8.2 mgd pump station, Install 3 mg tank, Install
BPS-NT-01A
930 feet of new 30-inch pipe

Franklin Tank Site
Subtotal
Total Near Term Capital Improvement Projects

Buildout Capital Improvement Transmission Projects
PL-BO-1
PL-BO-2
PL-BO-3
PL-BO-4
PL-BO-5
PL-BO-6
PL-BO-7
PL-BO-8
PL-BO-9
PL-BO-10
PL-BO-11

Bogue Road between George Washington Boulevard
and Sanborn Road
Butte House Road between Township Road and Royo
Install 2,980 feet of new 12-inch pipe
Ranchero Road
Install 3,960 feet of new 30-inch pipe
Clark Road between Pease Road and Oakview Drive
Elmer Avenue between Butte House Road and Young
Install 4,320 feet of new 12-inch pipe
Road Extension
Install 5,310 feet of new 12-inch pipe, Install 5,290 feet George Washington Boulevard between Bogue Road
of new 16-inch pipe
and Franklin Road
Elmer Avenue between Butte House Road and Young
Install 4,590 feet of new 30-inch pipe
Road Extension
Elmer Avenue between Pease Road and Young Road
Install 2,680 feet of new 30-inch pipe
Extension
Highway 20 between Western Parkway and Harter
Install 7,280 feet of new 24-inch pipe
Road
Install 20 feet of new 12-inch pipe, Install 3,220 feet of Hooper Road between Butte House Road and Young
new 16-inch pipe
Road Extension
Install 8,250 feet of new 16-inch pipe, Install 40 feet of
Lincoln Road between Township Road and Ohleyer
new 30-inch pipe
Road
Install 10,890 feet of new 12-inch pipe, Install 50 feet Pease Road between Butte Vista Lane and Township
of new 24-inch pipe
Road
Install 4,640 feet of new 12-inch pipe

PL-BO-12

Install 7,570 feet of new 30-inch pipe

PL-BO-13

Install 3,700 feet of new 12-inch pipe

PL-BO-14

Install 8,040 feet of new 12-inch pipe

PL-BO-15

Install 5,270 feet of new 12-inch pipe

PL-BO-16

Install 5,460 feet of new 12-inch pipe

PL-BO-17

Install 3,170 feet of new 16-inch pipe

PL-BO-18

Install 3,850 feet of new 24-inch pipe

PL-BO-19

Install 88,360 feet of new 12-inch pipe

PL-BO-20

Install 2,730 feet of new 12-inch pipe

PL-BO-21

Install 1,300 feet of new 12-inch pipe

Pease Road between Elmer Avenue and Clark Avenue
Tierra Buena Road between Young Road Extension and
Butte House Road
Township Road between Almendra Road and Pease
Road
Township Road between Franklin Road and Lincoln
Road
Township Road between Highway 20 and Lincoln Road
Young Road Extension between Elmer Avenue and
Hooper Road
Young Road Extension between Harter Road Extension
and Hooper Road
Allowance for smaller transmission mains
From Near Chastity Way and Live Oak Boulevard West
to Onstott Frontage Road
Live Oak Boulevard between Pease Road and Chastity
Way
Subtotal

$1,081,600

$1,406,000

$3,083,600

$4,009,000

$1,570,400

$2,042,000

$4,264,000

$5,543,000

$3,576,300

$4,649,000

$2,085,200

$2,711,000

$4,586,400

$5,962,000

$1,426,100

$1,854,000

$3,675,100

$4,778,000

$3,991,000

$5,188,000

$5,900,700

$7,671,000

$1,345,500

$1,749,000

$2,925,000

$3,803,000

$1,916,200

$2,491,000

$1,985,100

$2,581,000

$1,400,100

$1,820,000

$2,401,100

$3,121,000

$32,163,300

$41,812,000

$990,600

$1,288,000

$470,600

$612,000

$82,525,300

$107,284,000

Buildout Capital Improvement Pumping and Storage Projects
BPS-BO-01B
BPS-BO-02
BPS-BO-03
BPS-BO-04(e)

Install 8.2 mgd pump station, Install 3 mg tank

Franklin Tank Site

$8,274,500

$10,757,000

Install 7.7 mgd pump station, Install 3.3 mg tank

Garden/Burns Tank Site

$10,962,900

$14,252,000

Hooper Tank Site

$9,703,200

$12,614,000

Royo Ranchero Tank Site

$10,810,800

$14,054,000

$39,751,400
$122,276,700
$159,962,400

$51,677,000
$158,961,000
$207,954,000

Install 8.0 mgd pump station, Install 4 mg tank, Install
610 feet of new 30-inch pipe
Install 8.0 mgd pump station, Install 4.5 mg tank, Install
1,090 feet of new 30-inch pipe

Subtotal
Total Buildout Capital Improvement Projects
Total Future Growth Capital Improvement Projects
(a)

Costs shown are based on the December 2017 20-Cities ENR CCI of 10,873 and are rounded to nearest $1,000.

(b)

Near term maximum day demand is 28.5 MGD

(c)

Costs include mark-ups equal to 30 percent (Base Construction Costs plus Construction Contingency).

(d)

Costs include mark-ups equal to 69 percent (Base Construction Costs plus Construction Contingency: 30 percent and; Professional Services: 30 percent of Base Construction Cost plus Contingency).

(e)

Project included as placeholder project. Can be eliminated if emergency capacity is provided by new supply wells.
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Table 10-8. Demand Triggers for Future Growth, High Growth Rate Projection

Year
2016
2017
2018
2019
2020

2.4 percent growth rate (SACOG)
Service
Area
Population
YCWTP Capacity
Projection ADD, mgd MDD, mgd
71,377
73,090
14.0
24.6
Test membrane filters for reliable WTP
74,844
14.4
25.1
76,640
14.7
25.8
capacity of 30 mgd
78,479
15.1
26.4

2021

80,363

15.4

27.0

2022

82,292

15.8

27.7

2023

84,267

16.2

28.3

2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

86,289
88,360
90,481
92,652
94,876
97,153
99,485
101,872
104,317
106,821
109,384

16.6
17.0
17.4
17.8
18.2
18.7
19.1
19.6
20.0
20.5
21.0

29.0
29.7
30.4
31.1
31.9
32.6
33.4
34.2
35.1
35.9
36.8

2035

112,010

21.5

37.6

2040
2045
2048

126,112
141,989
152,854

24.2
27.3
29.3

42.4
47.7
51.4
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MDD ~ 26 mgd in 2020. Start planning
for Phase 1 expansion (five years from
start of planning to completion)

WTP at 42 mgd capacity

High Lift Pump Station

Notes

Need to add 6.3 MG to address existing
storage deficit plus ~ 0.85 MG per 1 MG
in growth.
Plan High-Lift PS expansion (as part of
- New WTP well (existing deficit)
WTP expansion), when MDD ~ 27 mgd.
- Rehab Wells 5, 8 and 9 (existing
12 mgd total capacity required.
deficit)
High-Lift PS at Capacity (MDD + 10
- 3.0 MG Franklin Tank (new growth
Near-term MDD = 28.5 mgd
percent of storage re-fill = 32 MGD),
~27 mgd)
when demand = 28.5 mgd
High Lift PS Capacity = 47 mgd

MDD = 30 mgd
Additional tanks (and/or wells to provide
emergency supply) at ~ 0.85 MG per
1.0 mgd increase in demand.
- Garden/Burns 2, 3.3 MG (~31 mgd)
- Franklin 2 (3.0 MG) (~35 mgd)
- Hooper (4.0 MG) (~ 39 mgd)
- Royo Ranchero (4.5 MG) (~45 mgd)

MDD ~ 30 mgd in 2025. Alternate
planning timeframe for Phase 1
expansion if City opts to operate at
interim filtration rate of 7.5 gallon/day/sf
WTP at 42 mgd capacity

MDD ~ 37 mgd. Start Planning for
Expansion to 54 mgd.
WTP at 54 mgd capacity

Distribution System BPS and Storage

Plan High-Lift PS expansion (as part of
WTP expansion) - 10 MGD total.
High Lift PS Capacity = 57 mgd

Hooper and Royo Ranchero can be
downsized or eliminated if additional
wells are added for emergency supply.

MDD = 42 mgd
Buildout MDD = 51.4 mgd

City of Yuba City
Water Treatment Plant
Distribution System Master Plan

Chapter 10
Recommended Capital Improvement Program
Currently the City has an existing distribution system storage deficit of 6.3 MG. Capital
improvements to address the existing storage deficit include installation of 1 new well at the
YCWTP and rehabilitation of wells 5, 8 and 9. These wells will provide access to emergency
supply that will offset the need for emergency storage. These projects are budgeted in the 5 to 10
and 10 to 15-year timeframe. The City should consider implementing these projects sooner, if
funding can be balanced with other needs or grant funding can be obtained.
The City will need new storage to meet future growth. For near-term development demand of
28.5 mgd, the City will need 3.0 MG of new storage. New storage planning should begin once
MDD reaches about 27 mgd. Additional storage will be needed as the City develops and demand
continues to increase. Approximately 0.85 MG of new storage is needed for every 1 mgd in
demand growth. Table 10-8 summarizes the estimated demand threshold for starting planning of
new storage, based on proposed sizes and locations identified in the Master Plan.
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