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3
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3
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1,000 gpm = 2.23 cfs = 4.42 AF/day 
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1 cfs for 24 hours = 1.983 AF 

1 cfs for 30 days = 59.5 AF 

1 cfs for 1 year = 724 AF 
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The City of Benicia (City) has been following a plan outlined in its 1996 Water System Master 

Plan for maintaining a water system that is reliable with regard to supply and quality. In the past 

16 years, significant changes in the economy and regulatory environment have made it clear that 

an updated planning effort and guide document was required in order to properly maintain and 

upgrade the City's water system. Preparing an update of the Water System Master Plan will 

provide a fresh look and solid foundation on which to base future decisions regarding 

improvements to, and operation and maintenance of treatment, transmission, distribution, and 

storage facilities. 

 

In particular, the City wishes to account for: 

 Growth occurring at a slower pace and in different locations than predicted in the 1996 

Water System Master Plan and previous studies 

 The need for assessment of existing facilities to improve operational performance 

 Changing drinking water regulations, particularly with respect to distribution system 

water quality 

 Reliability of water sources, both in quantity and quality 

 Goals of sustainability through the Climate Action Plan (CAP) and impacts associated 

with climate change 

 

WATER DEMAND FORECASTS 

 

The water demand forecasts were developed based on land use projections and water use factors. 

The land use projection methodology ties the forecasts to actual planned land use as designated 

by the City’s Community Development Department.  

 

Existing (2010) consumption and production data were obtained from the City’s meter data 

records and raw water flow meter at the water treatment plant (WTP).  These data were used as 

an existing condition basis upon which the baseline projections were built.   

 

Separate water forecasts were developed for: (1) treated water production; (2) Raw water 

demands for the Valero Refinery (Valero); and (3) the City's total water supply needs, which is 

equivalent to the sum of treated water production and Valero's raw water demands. For each of 

the three forecasts, three water use projections--high, baseline, and low--were developed to 

provide a probable range of future water use. 

 

High, baseline, and low raw water demand projections were developed to examine the City's 

supply needs for water (Table E-1 and Figure E-1). These projections include both production 

demands and Valero's raw water demands. The high demand curve assumes industrial treated 

water use is twice that in baseline conditions, no significant savings from conservation programs 

occur, and the projected Valero raw water demand is 10 percent over baseline values for treated 

water demand. The baseline case is from the 2010 UWMP, assuming current levels of 

conservation and 100 percent planned buildout as phased; with Valero's raw water demand curve 

remaining relatively flat at levels extrapolated from historical use data.  

 

The low demand assumes that additional conservation activities cause a decrease from the 

baseline demands by ten percent and that buildout for treated water supply is 80 percent of 
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baseline construction; which is equivalent to a total of 18 percent reduction in treated water 

demand, and a ten percent reduction in non-potable demands. 

 
TABLE E-1 

TOTAL RAW WATER DEMAND FORECASTS 

 

 Annual Demand, AFY 

 2010 2015 2020 2025 2030 2035 

Baseline Scenario       

Treated Water Demand 4,183 4,247 4,315 4,382 4,455 4,505 

Valero Raw Water Demand 4,792 5,296 5,800 5,800 5,800 5,800 

Operations & Emergency Demand 441 441 441 441 441 441 

Unaccounted For Water 1,447 1,109 1,173 1,180 1,188 1,194 

Total Demand 10,863 11,093 11,729 11,803 11,884 11,940 

       

High Demand Scenario       

Treated Water Demand 4,272 4,337 4,407 4,475 4,550 4,601 

Valero Raw Water Demand 5,271 5,826 6,380 6,380 6,380 6,380 

Operations & Emergency Demand 441 441 441 441 441 441 

Unaccounted For Water 1,447 1,109 1,173 1,180 1,188 1,194 

Total Demand 11,431 11,713 12,401 12,476 12,559 12,616 

       

Low Demand Scenario       

Treated Water Demand 3,012 3,058 3,107 3,155 3,208 3,244 

Valero Raw Water Demand 4,313 4,766 5,220 5,220 5,220 5,220 

Operations & Emergency Demand 441 441 441 441 441 441 

Unaccounted For Water 1,302 998 1,056 1,062 1,069 1,075 

Total Demand 9,024 9,219 9,779 9,834 9,894 9,935 
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WATER SUPPLY SOURCES 

 

The City has contracts for water through agreements with the Solano County Water Agency 

(SCWA) for State Water Project (SWP) water and with the California Department of Water 

Resources (DWR) for Settlement Water. The City also has contracts for water from the Solano 

Project through agreements with the City of Vallejo and the Solano Irrigation District (SID). 

These contracted water supplies are summarized in Table E-2. 

 
TABLE E-2 

CONTRACTED WATER SUPPLY 

 

Source Contract Amount 

(AFY) 

State Water Project 16,075 

Settlement Water 10,500 

Vallejo Agreement 1,100 

SID Agreement 2,000 

Lake Herman 500
a 

 30,175 
 

  a Note:  Water Supply available from Lake Herman 

 is based on historical observation. 

 

Water supplies can be stored at Lake Herman reservoir. Lake Herman is located in the hills 

between Benicia and Vallejo and has an approximate storage capacity of 1,400 AF. 

 

The City currently has an active water purchase agreement with the City of Vallejo. The 

agreement was executed in 1962 and has been amended twice. The second amendment extended 

the expiration date of the agreement to February 28, 2025.  It is assumed that this agreement will 

be renewed at its expiration. In the agreement, the City will purchase 1,100 AFY of Vallejo’s 

Solano Project water from Lake Berryessa.  

 

In March 2009, the City entered into a purchase agreement with the SID to provide 2,000 AFY.   

SID is the holder of a contractual right to receive allotments from the Solano Project as a 

Participating Agency of the SCWA under the terms of a Participating Agency Contract providing 

for the delivery of and allotment of 141,000 AFY from the Solano Project to SID.   

 

Based on the review of Benicia’s contracted water supplies, supply reliabilities, and water 

demands, the City has confirmed water supplies to meet its demands. However, Benicia is at the 

end of long conveyance facilities subject to negative impacts caused by regulatory, judicial, and 

equipment disruptions. For instance, in order to protect the Longfin Smelt, flow in the NBA is 

reduced from 130 cubic feet per second (cfs) to 50 cfs. Therefore, Benicia must be vigilant to 

ensure reliable long and short-term water supplies. Past efforts include a Settlement Water 

Agreement with DWR for “Area of Origin” water, extension of water supply agreement with 

Vallejo and a new water agreement with SID. Future efforts will consider methods to maximize 

the use of Settlement Water to provide increased reliability. 
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EXISTING WATER SYSTEM FACILITIES 

 

The City's existing water system consists of raw water supply and transmission, treatment, 

storage, and distribution facilities. The water distribution system delivers potable water to the 

residential, commercial, and industrial land uses within the existing City limits. The distribution 

system facilities consist of pipelines, pump stations, pressure reducing valves, and storage 

reservoirs. 

 

Water Distribution System 

 

The existing distribution system is separated into three main pressure (or service) zones: Zone I, 

Zone II, and Zone III. Storage reservoirs are located in each of the main pressure zones to 

provide potable water during peak demand periods and to provide fire and emergency storage 

capacity. There are currently six water storage reservoirs in the distribution system, with a total 

capacity of 12.8 million gallons. Water is delivered to Pressure Zones II and III by three pump 

stations. The P-1 Pump Station located north of the City's Corporation Yard, delivers water to 

Zone II from Zone I. The P-2 Pump Station located across from the Corporation Yard 

approximately 1,200 feet west of East 2nd Street and north of Tenny's Drive conveys water from 

Zone II to Zone III. Similarly, the P-3 Pump Station located at the corner of Rose Drive and East 

2
nd

 Street delivers water directly from Zone I to Zone III. 

 

Because of the variance in ground elevation within Zone III, several pressure reducing valve 

stations are located to provide an adequate level of service. In addition, in 1996 the City installed 

an additional pressure reducing valve station to supply all of Zone II from Zone III when the 

Zone II R-2 Reservoir is out of service. 

 

The water distribution system pipelines range in diameter from 4-inch to 30-inch. Most of the 

larger pipelines are steel; the majority of the pipelines 12-inch in diameter or less are constructed 

of ductile iron. 

 

Raw Water Transmission System 

 

Raw water is delivered to the City via the raw water transmission system, which is comprised of 

two pump stations and approximately 75,000 feet of 24-, 30-, and 36-inch diameter pipelines. 

 

The primary raw water source for the City is the State Water Project (SWP). This water is 

delivered from Barker Slough on the Sacramento-San Joaquin River Delta via the North Bay 

Aqueduct. Additional water comes through the Putah South Canal to the Terminal Reservoir.  

Water is then conveyed from either the NBA Pump Station or Cordelia Pump Station through the 

36-inch Raw Water Transmission Main (RWTL) to a diversion structure located at the City’s 

water treatment plant. Flows in excess of the daily demand at the plant are diverted by gravity to 

Lake Herman through a 24-inch pipeline. Raw water is also provided to Valero’s Benicia Oil 

Refinery from the 24-inch pipeline. The City has the ability to convey raw water from Lake 

Herman to the water treatment plant for when supplies from the RWTL are interrupted.  
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Water Treatment Plant 

 

The existing City water treatment plant was constructed in 1971. The plant was originally 

designed for a capacity of 6 mgd. In 1989, the plant was expanded to 12 mgd, and 

reliability/redundancy improvements occurred in 2006. 

 

DISTRIBUTION SYSTEM EVALUATION 

 

The water distribution system was analyzed and evaluated with use of a hydraulic model. Based 

on the evaluation improvement projects detailed in Table E-3 are recommended to mitigate 

existing and future deficiencies in the distribution system. 

 

The hydraulic network model of the existing water supply and distribution system was developed 

based on the City's water system base maps. The calibrated hydraulic model was utilized to 

evaluate the performance of the water distribution system under existing demand conditions and 

buildout demand conditions. 

 

Each of the existing pressure zones has a surplus of storage capacity under existing demand 

conditions, and no additional storage capacity is necessary. The future proposed development 

(Seeno Property) will require a separate pressure zone with specific pumping, piping, and storage 

facilities. The storage capacity for new developments should be reviewed and approved by the 

City at the time development planning commences.  

 

The results of the pumping capacity evaluation indicate that the existing pump stations have 

adequate firm capacity to provide maximum day demand conditions to each pressure zone, even 

under circumstances when the P-3 Pump Station is out of service. A new pump station will most 

likely be required to convey water from Zone I to the future Seeno Property development. This 

new development will require separate pumping, storage, and piping facilities. 

 

Several pipeline projects have been identified through the hydraulic evaluation and are necessary 

to correct hydraulic deficiencies and/or improve operational reliability and performance. Table 

E-3 is a summary of the total project costs for the recommended projects grouped by facility 

type. 
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TABLE E-3 

RECOMMENDED DISTRIBUTION SYSTEM IMPROVEMENTS 

 

Project Description Quantity Units 

Baseline 

Construction 

Costa 
Contingency 

Costb 

Engineering/

Admin/Legal

/CM Costsc Total Cost 

Distribution System       

1.  New 18-inch pipeline in Park Road 

for Zone I for Arsenal area 
2,500 LF $350,000 $70,000 $84,000 $504,000 

2.  New 24-inch transmission main  in 

Park Road for Zone I - Reliability 
1,550 LF $247,000 $50,000 $60,000 $357,000 

3.  Replace 6-inch DIP in Jefferson 

Street from Grant Street to Park Road 
850 LF $77,000 $15,000 $18,000 $110,000 

4.  New 12-inch main in Adams Street 

from Grant Street to Bayshore Road 
500 LF $55,000 $11,000 $13,000 $79,000 

5.  New 12-inch pipeline in Military 

West for Zone I 
4,175 LF $459,000 $92,000 $110,000 $661,000 

6.  New 8-inch water main to loop 

Drolette Way with Corrigan Court 
250 LF $23,000 $5,000 $6,000 $34,000 

7.  New 12-inch Zone III pipeline to 

serve Pressure Zone 3-A 
1,200 LF $132,000 $26,000 $32,000 $190,000 

8.  New 36-inch Reliability 

Transmission Main 
2,800 LF $504,000 $101,000 $121,000 $726,000 

9.  New 12-inch Vallejo-Benicia Inter-

tie Connection 

 

8,200 LF $2,440,000 $480,000 $580,000 $3,500,000 

10.  P-2 Pump station MCC  

Replacement 

 

1 LS $208,000 $42,000 $50,000 $300,000 

11. Recoating of R-1 Reservoir 

(interior & exterior) 

 

1 LS $208,000 $42,000 $50,000 $300,000 

12. Recoating of R-2 Reservoir 

(interior & exterior) 
1 LS $208,000 $42,000 $50,000 $300,000 

Raw Water Transmission System       

36-inch RWTL CP Improvements 1 LS $280,000 $55,000 $65,000 $400,000 

36-inch RWTL Improvements - Valve 

Replacement 
1 LS $140,000 $28,000 $32,000 $200,000 

       
 
a Construction costs based on an ENR Index of 9291 for June 2012 (20 cities average). 
b Contingency at 20% of baseline construction costs. 
c Engineering/Admin/Legal/Construction Management Costs at 20% of sum of baseline construction cost and contingency. 
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WATER TREATMENT PLANT 

 

The City of Benicia’s Water Treatment Plant was evaluated on six levels, including: 1) plant 

capacity; 2) regulatory compliance and safety; 3) treatment process performance, 4) sludge 

treatment and disposal; 5) electrical systems and controls; and 6) operations. The treatment plant 

evaluation included the following tasks: 

 

 Reviewing updated water demand projections and determining whether plant capacity 

will need to increase 

 Determining regulatory compliance status 

 Assessing treatment process performance as compared to established standards, 

operational goals, and voluntary targets 

 Evaluating sludge treatment and disposal facilities and operations 

 Conducting an electrical engineering review of existing electrical panels, switchgear, and 

control systems 

 Identifying necessary operational improvements 

 Recommending capital improvement projects 

 

Recommended improvement projects are summarized in Table E-4. The table was developed 

from evaluations of the water treatment plant facilities and operations, discussions with City 

staff, and review of previous City master plans and capital improvement plans. The total project 

costs include baseline construction cost, a 20 percent construction contingency, and a 20 percent 

project contingency for engineering, administrative, legal, and construction management costs. 



  

 EXECUTIVE SUMMARY 

NV5 E-9 2012 Water System Master Plan 
  

TABLE E-4 

WATER TREATMENT PLANT IMPROVEMENT PROJECTS TO BE CONSIDERED 

 

Project Description 

Baseline 

Construction 

Cost 

Contingency 

Cost
a
 

Engineering/Admin/ 

Legal/CM Costsc Total Cost 

WTP PLC Replacement $140,000 $28,000 $32,000 $200,000 

Chemical Building 

Electrical Systems and 

Controls 

$480,000 $95,000 $115,000 $690,000 

Chemical Tank Farm 

Improvements 
$590,000 $118,000 $142,000 $850,000 

Magnetic Ion Exchange 

System (6 mgd) 
$2,440,000 $485,000 $585,000 $3,510,000 

Convert from Chlorine 

Gas to Sodium 

Hypochlorite Solution 

$208,000 $42,000 $50,000 $300,000 

Conversion to 

Polyorthophosphate 
$105,000 $20,000 $25,000 $150,000 

Re-Line Sludge 

Lagoons 
$1,111,000 $222,000 $267,000 $1,600,000 

Replace Backwash 

Tank 1 
$295,000 $60,000 $70,000 $425,000 

Re-Coating of Chlorine 

Contact Tank (Interior 

and Exterior) 

$210,000 $40,000 $50,000 $300,000 

 
a Contingency at 20% of baseline construction costs. 
b Engineering/Admin/Legal/Construction Management Costs at 20% of sum of baseline construction cost and contingency  
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SUSTAINABILITY AND CLIMATE CHANGE 

 

Incorporating sustainability into the water master plan ensures that the City of Benicia remains a 

good steward of their water resources. 

 

The City has continuously implemented a water conservation program for more than 20 years. 

The City’s on-going commitment to address sustainability and reduce global warming impacts 

related to the Water System Master Plan is addressed in this chapter.  Effects of climate change 

resulting from operation of the City water supply system can be influenced in three general areas 

1) reducing the operation of facilities by reducing demand; 2) increasing the efficiency of 

facilities that use energy; and 3) obtaining energy from renewable sources. 

 

The City has a very detailed and goal oriented Climate Action Plan (CAP). The plan inventoried 

City energy users and concluded that almost 25 percent of the City Government’s greenhouse 

gas (GHG) emissions result from the electricity required to pump, treat, and deliver clean potable 

water (the subject of this water master plan) and to collect and treat wastewater (see Wastewater 

System Master Plan). 

 

The CAP established the following three objectives for the City water and wastewater systems 

(WW).  Each objective has several strategies and those are also noted throughout this chapter as 

they apply: 

 

 Objective WW-1: Reduce the Amount of Water Consumed 20% by 2020 

 Objective WW-2: Reduce the Amount of Emissions Resulting from Pumps and Lift 

Stations 

 Objective WW-3: Reduce the Amount of Emissions Resulting from Water and 

Wastewater Plant Operations 95% by 2020 

 

Climate change and other impacts that occur as a result of global warming present potential 

challenges for water supply. The City is committed to meet the challenges of climate change by 

preparing for potential future changes.  The City supported the passage of AB 32, the Global 

Warming Solutions Act, which requires California to cut its greenhouse gas emissions by 25 

percent by 2020 and has adopted its own Climate Action Plan. To help mitigate global climate 

change, the City has aggressive goals to save energy by increasing water facility efficiency, 

reducing demand with water conservation measures, and reducing the City’s role in global 

warming by considering energy sources that are renewable. To meet future challenges of 

diminished supplies, the City must prepare for both emergency situations, as well as long term 

goals. Suggestions and recommendations for further implementing City objectives have been 

addressed in Section 7 – Sustainability and Climate Change.  
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CAPITAL IMPROVEMENT PROGRAM 

 

Based on the analysis of the water transmission, distribution, and treatment systems the 

recommended projects have been developed into a 10-year Capital Improvement Program (CIP) 

to represent the staged implementation of water system improvements in the distribution system 

and at the water treatment plant. 

 

Water Distribution System 

 

The recommended improvement projects and cost estimates resulting from the analysis of the 

water distribution system are shown in Tables E-5 and E-6. Most of the recommended 

improvement projects are necessary to correct current deficiencies or will immediately improve 

system operation, performance, and reliability (redundancy), if implemented. 

 

Table E-5 shows the projects that will benefit existing customers, to be funded by the existing 

general fund. Table E-6 shows the projects that will benefit new customers, to be funded by 

connection fees. These connection fee project costs are shared with existing customers, and 

therefore the costs are split between Tables E-5 and E-6. The projects identified in the CIP 

resulted from the most recent budget preparation concluded prior to completion of this master 

plan update. The projects are listed in detail in Section 5, and have been staggered over the 10 

year period to spread costs to each fiscal year in an effort to balance annual costs. The timing of 

projects may change as priorities shift, or funding is impacted. 

 

Water Treatment Plant 

 

The water treatment plant projects identified in Table E-7 resulted from the most recent budget 

preparation concluded prior to completion of this Master Plan update. Projects not completed 

from the previous CIP were either deleted (no longer necessary) or re-entered into this current 

list of projects. Electrical and instrumentation upgrades take a high priority in FYs 2013-2015. In 

subsequent years 2015-2017, conversion from chlorine gas to liquid sodium hypochlorite is 

planned along with improvements to the chemical tank farm. The major project slated for the 

treatment plant is construction of the magnetic ion exchange system (MIEX) expected to begin in 

FY 2017.  

 

The remaining projects are staggered over the 10-year period to spread costs in each fiscal year 

as much as possible. The timing of projects may change as priorities shift, or funding is 

impacted. On a 20-year horizon, several projects are listed including large maintenance items 

such as reservoir recoating and relining of the sludge lagoons. 
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TABLE E-5 

WATER DISTRIBUTION SYSTEM 

10-YEAR CAPITAL IMPROVEMENT PROGRAM 

OPERATIONS FUND 

 

Project 

 
FY FY FY FY FY FY FY FY FY   

Number Project 2013-14 2014-15 2015-16 2016-17 2017-18 

2018-

19 

2019-

20 

2020-

21 2021-32 Total 

Distribution System              

 

      

1 

New 18-inch transmission main in Park Road 

for Zone 1 (Armory to Oak Road) $504,000     

 

    

 

    $504,000 

2 

New 24-inch DIP in Park Road for Zone I 

(Reliability)       

 

$357,000   

 

    $357,000 

3 

Replace 6-inch DIP in Jefferson Street (Grant 

Street to Park Road)   $110,000   

 

    

 

    $110,000 

4 

New 12-inch DIP in Adams Street (Grant 

Street to Bayshore Road)   $39,500
a
   

 

    

 

    $39,500 

5 

New 12-inch DIP in Military West (West 6th 

Street to Plaza de Oro)     $330,500
a
 

 

    

 

    $330,500 

6 

New 8-inch DIP to loop Drolette Way with 

Corrigan Court       $17,000
a
     

 

    $17,000 

7 

New 12-inch DIP in Zone III to serve Pressure 

Zone 3-A       $95,000
a
     

 

    $95,000 

8 

New 36-inch transmission main (Reliability 

from WTP to East 2nd Street)         $726,000   

 

    $726,000 

9 Benicia-Vallejo Inter-tie             

 

  $3,500,000 $3,500,000 

10 P-2 Pump Station MCC Replacement       $300,000     

 

    $300,000 

11 

Recoating of R-1 Reservoir (interior & 

exterior)             

 

  $300,000 $300,000 

12 

Recoating of R-2 Reservoir (interior & 

exterior)             

 

  $300,000 $300,000 

Raw Water Transmission System              

 

      

  36-inch RWTL CP Improvements $200,000 $200,000         

 

    $400,000 

  36-inch RWTL Improvements $200,000           

 

    $200,000 

  Totals $904,000 $349,500 $330,500 $412,000 $1,083,000 $0 $0 $0 $4,100,000 $7,179,000 
 
a This cost represents half of the total project cost. The project cost is shared equally with the Connection Fee Fund (see Table E-6) 
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TABLE E-6 

WATER DISTRIBUTION SYSTEM 

10-YEAR CAPITAL IMPROVEMENT PROGRAM 

CONNECTION FEE FUND
a
 

 

Project   FY FY FY FY FY FY FY FY FY   

Number Project 2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-32 Total 

4 

New 12-inch DIP in Adams Street (Grant 

Street to Bayshore Road)   $39,500
b
   

 

    

 

    $39,500 

5 

New 12-inch DIP in Military West (West 6th 

Street to Plaza de Oro)     $330,500
c
 

 

    

 

    $330,500 

6 

New 8-inch DIP to loop Drolette Way with 

Corrigan Court       $17,000
d
     

 

    $17,000 

7 

New 12-inch DIP in Zone III to serve 

Pressure Zone 3-A       $95,000
e
     

 

    $95,000 

  Totals $0 $39,500 $330,500 $112,000 $0 $0 $0 $0 $0 $482,000 
 

a The cost for each of these projects represents half of the total project cost. The project cost is shared equally with the Operations Fund (see Table E-5) 
b Total project cost is estimated at $79,000. 
c Total project cost is estimated at $661,000. 
d  Total project cost is estimated at $34,000. 
e Total project cost is estimated at $190,000. 
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TABLE E-7 

WATER TREATMENT PLANT 

10-YEAR CAPITAL IMPROVEMENT PROGRAM 

OPERATIONS FUND 

 

  FY FY FY FY FY FY FY FY FY   

Project 2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-32 Total 

WTP PLC Replacement $200,000   

 

  

 

        $200,000 

Chemical Building Electrical Systems and 

Controls   $690,000 

 

  

 

        $690,000 

Chemical Tank Farm Improvements     $250,000 $600,000 

 

        $850,000 

Magnetic Ion Exchange System (6 mgd)     

 

  $800,000 $2,710,000       $3,510,000 

Conversion from Chlorine Gas to Sodium 

Hypochlorite     $300,000   

 

        $300,000 

Conversion to Polyorthophosphate     

 

  

 

  $150,000     $150,000 

Re-Line Sludge Lagoons     

 

  

 

      $1,600,000 $1,600,000 

Replace Backwash Tank 1     

 

  

 

      $425,000 $425,000 

Recoating of Chlorine Contact Tank 

(interior & exterior)     

 

  

 

      $300,000 $300,000 

Totals $200,000 $690,000 $550,000 $600,000 $800,000 $2,710,000 $150,000 $0 $2,325,000 $8,025,000 
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The City of Benicia (City) has been following a plan outlined in its 1996 Water System Master 

Plan for maintaining a water system that is reliable with regard to supply and quality. In the past 

16 years, significant changes in the economy and regulatory environment have made it clear that 

an updated planning effort and guide document was required in order to properly maintain and 

upgrade the City's water system. Preparing an update of the Water System Master Plan will 

provide a fresh look and solid foundation on which to base future decisions regarding 

improvements to, and operation and maintenance of treatment, transmission, distribution, and 

storage facilities. 

 

In particular, the City wishes to account for: 

 Growth occurring at a slower pace and in different locations than predicted in the 1996 

Water System Master Plan and previous studies 

 The need for assessment of existing facilities to improve operational performance 

 Changing drinking water regulations, particularly with respect to distribution system 

water quality 

 Reliability of water sources, both in quantity and quality 

 Goals of sustainability through the Climate Action Plan (CAP) and impacts associated 

with climate change 

 

WATER DEMAND FORECASTS 

 

The water demand forecasts were developed based on land use projections and water use factors. 

The land use projection methodology ties the forecasts to actual planned land use as designated 

by the City’s Community Development Department.  

 

Existing (2010) consumption and production data were obtained from the City’s meter data 

records and raw water flow meter at the water treatment plant (WTP).  These data were used as 

an existing condition basis upon which the baseline projections were built.   

 

Separate water forecasts were developed for: (1) treated water production; (2) Raw water 

demands for the Valero Refinery (Valero); and (3) the City's total water supply needs, which is 

equivalent to the sum of treated water production and Valero's raw water demands. For each of 

the three forecasts, three water use projections--high, baseline, and low--were developed to 

provide a probable range of future water use. 

 

High, baseline, and low raw water demand projections were developed to examine the City's 

supply needs for water (Table E-1 and Figure E-1). These projections include both production 

demands and Valero's raw water demands. The high demand curve assumes industrial treated 

water use is twice that in baseline conditions, no significant savings from conservation programs 

occur, and the projected Valero raw water demand is 10 percent over baseline values for treated 

water demand. The baseline case is from the 2010 UWMP, assuming current levels of 

conservation and 100 percent planned buildout as phased; with Valero's raw water demand curve 

remaining relatively flat at levels extrapolated from historical use data.  

 

The low demand assumes that additional conservation activities cause a decrease from the 

baseline demands by ten percent and that buildout for treated water supply is 80 percent of 
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baseline construction; which is equivalent to a total of 18 percent reduction in treated water 

demand, and a ten percent reduction in non-potable demands. 

 
TABLE E-1 

TOTAL RAW WATER DEMAND FORECASTS 

 

 Annual Demand, AFY 

 2010 2015 2020 2025 2030 2035 

Baseline Scenario       

Treated Water Demand 4,183 4,247 4,315 4,382 4,455 4,505 

Valero Raw Water Demand 4,792 5,296 5,800 5,800 5,800 5,800 

Operations & Emergency Demand 441 441 441 441 441 441 

Unaccounted For Water 1,447 1,109 1,173 1,180 1,188 1,194 

Total Demand 10,863 11,093 11,729 11,803 11,884 11,940 

       

High Demand Scenario       

Treated Water Demand 4,272 4,337 4,407 4,475 4,550 4,601 

Valero Raw Water Demand 5,271 5,826 6,380 6,380 6,380 6,380 

Operations & Emergency Demand 441 441 441 441 441 441 

Unaccounted For Water 1,447 1,109 1,173 1,180 1,188 1,194 

Total Demand 11,431 11,713 12,401 12,476 12,559 12,616 

       

Low Demand Scenario       

Treated Water Demand 3,012 3,058 3,107 3,155 3,208 3,244 

Valero Raw Water Demand 4,313 4,766 5,220 5,220 5,220 5,220 

Operations & Emergency Demand 441 441 441 441 441 441 

Unaccounted For Water 1,302 998 1,056 1,062 1,069 1,075 

Total Demand 9,024 9,219 9,779 9,834 9,894 9,935 
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WATER SUPPLY SOURCES 

 

The City has contracts for water through agreements with the Solano County Water Agency 

(SCWA) for State Water Project (SWP) water and with the California Department of Water 

Resources (DWR) for Settlement Water. The City also has contracts for water from the Solano 

Project through agreements with the City of Vallejo and the Solano Irrigation District (SID). 

These contracted water supplies are summarized in Table E-2. 

 
TABLE E-2 

CONTRACTED WATER SUPPLY 

 

Source Contract Amount 

(AFY) 

State Water Project 16,075 

Settlement Water 10,500 

Vallejo Agreement 1,100 

SID Agreement 2,000 

Lake Herman 500
a 

 30,175 
 

  a Note:  Water Supply available from Lake Herman 

 is based on historical observation. 

 

Water supplies can be stored at Lake Herman reservoir. Lake Herman is located in the hills 

between Benicia and Vallejo and has an approximate storage capacity of 1,400 AF. 

 

The City currently has an active water purchase agreement with the City of Vallejo. The 

agreement was executed in 1962 and has been amended twice. The second amendment extended 

the expiration date of the agreement to February 28, 2025.  It is assumed that this agreement will 

be renewed at its expiration. In the agreement, the City will purchase 1,100 AFY of Vallejo’s 

Solano Project water from Lake Berryessa.  

 

In March 2009, the City entered into a purchase agreement with the SID to provide 2,000 AFY.   

SID is the holder of a contractual right to receive allotments from the Solano Project as a 

Participating Agency of the SCWA under the terms of a Participating Agency Contract providing 

for the delivery of and allotment of 141,000 AFY from the Solano Project to SID.   

 

Based on the review of Benicia’s contracted water supplies, supply reliabilities, and water 

demands, the City has confirmed water supplies to meet its demands. However, Benicia is at the 

end of long conveyance facilities subject to negative impacts caused by regulatory, judicial, and 

equipment disruptions. For instance, in order to protect the Longfin Smelt, flow in the NBA is 

reduced from 130 cubic feet per second (cfs) to 50 cfs. Therefore, Benicia must be vigilant to 

ensure reliable long and short-term water supplies. Past efforts include a Settlement Water 

Agreement with DWR for “Area of Origin” water, extension of water supply agreement with 

Vallejo and a new water agreement with SID. Future efforts will consider methods to maximize 

the use of Settlement Water to provide increased reliability. 
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EXISTING WATER SYSTEM FACILITIES 

 

The City's existing water system consists of raw water supply and transmission, treatment, 

storage, and distribution facilities. The water distribution system delivers potable water to the 

residential, commercial, and industrial land uses within the existing City limits. The distribution 

system facilities consist of pipelines, pump stations, pressure reducing valves, and storage 

reservoirs. 

 

Water Distribution System 

 

The existing distribution system is separated into three main pressure (or service) zones: Zone I, 

Zone II, and Zone III. Storage reservoirs are located in each of the main pressure zones to 

provide potable water during peak demand periods and to provide fire and emergency storage 

capacity. There are currently six water storage reservoirs in the distribution system, with a total 

capacity of 12.8 million gallons. Water is delivered to Pressure Zones II and III by three pump 

stations. The P-1 Pump Station located north of the City's Corporation Yard, delivers water to 

Zone II from Zone I. The P-2 Pump Station located across from the Corporation Yard 

approximately 1,200 feet west of East 2nd Street and north of Tenny's Drive conveys water from 

Zone II to Zone III. Similarly, the P-3 Pump Station located at the corner of Rose Drive and East 

2
nd

 Street delivers water directly from Zone I to Zone III. 

 

Because of the variance in ground elevation within Zone III, several pressure reducing valve 

stations are located to provide an adequate level of service. In addition, in 1996 the City installed 

an additional pressure reducing valve station to supply all of Zone II from Zone III when the 

Zone II R-2 Reservoir is out of service. 

 

The water distribution system pipelines range in diameter from 4-inch to 30-inch. Most of the 

larger pipelines are steel; the majority of the pipelines 12-inch in diameter or less are constructed 

of ductile iron. 

 

Raw Water Transmission System 

 

Raw water is delivered to the City via the raw water transmission system, which is comprised of 

two pump stations and approximately 75,000 feet of 24-, 30-, and 36-inch diameter pipelines. 

 

The primary raw water source for the City is the State Water Project (SWP). This water is 

delivered from Barker Slough on the Sacramento-San Joaquin River Delta via the North Bay 

Aqueduct. Additional water comes through the Putah South Canal to the Terminal Reservoir.  

Water is then conveyed from either the NBA Pump Station or Cordelia Pump Station through the 

36-inch Raw Water Transmission Main (RWTL) to a diversion structure located at the City’s 

water treatment plant. Flows in excess of the daily demand at the plant are diverted by gravity to 

Lake Herman through a 24-inch pipeline. Raw water is also provided to Valero’s Benicia Oil 

Refinery from the 24-inch pipeline. The City has the ability to convey raw water from Lake 

Herman to the water treatment plant for when supplies from the RWTL are interrupted.  
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Water Treatment Plant 

 

The existing City water treatment plant was constructed in 1971. The plant was originally 

designed for a capacity of 6 mgd. In 1989, the plant was expanded to 12 mgd, and 

reliability/redundancy improvements occurred in 2006. 

 

DISTRIBUTION SYSTEM EVALUATION 

 

The water distribution system was analyzed and evaluated with use of a hydraulic model. Based 

on the evaluation improvement projects detailed in Table E-3 are recommended to mitigate 

existing and future deficiencies in the distribution system. 

 

The hydraulic network model of the existing water supply and distribution system was developed 

based on the City's water system base maps. The calibrated hydraulic model was utilized to 

evaluate the performance of the water distribution system under existing demand conditions and 

buildout demand conditions. 

 

Each of the existing pressure zones has a surplus of storage capacity under existing demand 

conditions, and no additional storage capacity is necessary. The future proposed development 

(Seeno Property) will require a separate pressure zone with specific pumping, piping, and storage 

facilities. The storage capacity for new developments should be reviewed and approved by the 

City at the time development planning commences.  

 

The results of the pumping capacity evaluation indicate that the existing pump stations have 

adequate firm capacity to provide maximum day demand conditions to each pressure zone, even 

under circumstances when the P-3 Pump Station is out of service. A new pump station will most 

likely be required to convey water from Zone I to the future Seeno Property development. This 

new development will require separate pumping, storage, and piping facilities. 

 

Several pipeline projects have been identified through the hydraulic evaluation and are necessary 

to correct hydraulic deficiencies and/or improve operational reliability and performance. Table 

E-3 is a summary of the total project costs for the recommended projects grouped by facility 

type. 
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TABLE E-3 

RECOMMENDED DISTRIBUTION SYSTEM IMPROVEMENTS 

 

Project Description Quantity Units 

Baseline 

Construction 

Costa 
Contingency 

Costb 

Engineering/

Admin/Legal

/CM Costsc Total Cost 

Distribution System       

1.  New 18-inch pipeline in Park Road 

for Zone I for Arsenal area 
2,500 LF $350,000 $70,000 $84,000 $504,000 

2.  New 24-inch transmission main  in 

Park Road for Zone I - Reliability 
1,550 LF $247,000 $50,000 $60,000 $357,000 

3.  Replace 6-inch DIP in Jefferson 

Street from Grant Street to Park Road 
850 LF $77,000 $15,000 $18,000 $110,000 

4.  New 12-inch main in Adams Street 

from Grant Street to Bayshore Road 
500 LF $55,000 $11,000 $13,000 $79,000 

5.  New 12-inch pipeline in Military 

West for Zone I 
4,175 LF $459,000 $92,000 $110,000 $661,000 

6.  New 8-inch water main to loop 

Drolette Way with Corrigan Court 
250 LF $23,000 $5,000 $6,000 $34,000 

7.  New 12-inch Zone III pipeline to 

serve Pressure Zone 3-A 
1,200 LF $132,000 $26,000 $32,000 $190,000 

8.  New 36-inch Reliability 

Transmission Main 
2,800 LF $504,000 $101,000 $121,000 $726,000 

9.  New 12-inch Vallejo-Benicia Inter-

tie Connection 

 

8,200 LF $2,440,000 $480,000 $580,000 $3,500,000 

10.  P-2 Pump station MCC  

Replacement 

 

1 LS $208,000 $42,000 $50,000 $300,000 

11. Recoating of R-1 Reservoir 

(interior & exterior) 

 

1 LS $208,000 $42,000 $50,000 $300,000 

12. Recoating of R-2 Reservoir 

(interior & exterior) 
1 LS $208,000 $42,000 $50,000 $300,000 

Raw Water Transmission System       

36-inch RWTL CP Improvements 1 LS $280,000 $55,000 $65,000 $400,000 

36-inch RWTL Improvements - Valve 

Replacement 
1 LS $140,000 $28,000 $32,000 $200,000 

       
 
a Construction costs based on an ENR Index of 9291 for June 2012 (20 cities average). 
b Contingency at 20% of baseline construction costs. 
c Engineering/Admin/Legal/Construction Management Costs at 20% of sum of baseline construction cost and contingency. 

 



  

 EXECUTIVE SUMMARY 

NV5 E-8 2012 Water System Master Plan 
  

WATER TREATMENT PLANT 

 

The City of Benicia’s Water Treatment Plant was evaluated on six levels, including: 1) plant 

capacity; 2) regulatory compliance and safety; 3) treatment process performance, 4) sludge 

treatment and disposal; 5) electrical systems and controls; and 6) operations. The treatment plant 

evaluation included the following tasks: 

 

 Reviewing updated water demand projections and determining whether plant capacity 

will need to increase 

 Determining regulatory compliance status 

 Assessing treatment process performance as compared to established standards, 

operational goals, and voluntary targets 

 Evaluating sludge treatment and disposal facilities and operations 

 Conducting an electrical engineering review of existing electrical panels, switchgear, and 

control systems 

 Identifying necessary operational improvements 

 Recommending capital improvement projects 

 

Recommended improvement projects are summarized in Table E-4. The table was developed 

from evaluations of the water treatment plant facilities and operations, discussions with City 

staff, and review of previous City master plans and capital improvement plans. The total project 

costs include baseline construction cost, a 20 percent construction contingency, and a 20 percent 

project contingency for engineering, administrative, legal, and construction management costs. 
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TABLE E-4 

WATER TREATMENT PLANT IMPROVEMENT PROJECTS TO BE CONSIDERED 

 

Project Description 

Baseline 

Construction 

Cost 

Contingency 

Cost
a
 

Engineering/Admin/ 

Legal/CM Costsc Total Cost 

WTP PLC Replacement $140,000 $28,000 $32,000 $200,000 

Chemical Building 

Electrical Systems and 

Controls 

$480,000 $95,000 $115,000 $690,000 

Chemical Tank Farm 

Improvements 
$590,000 $118,000 $142,000 $850,000 

Magnetic Ion Exchange 

System (6 mgd) 
$2,440,000 $485,000 $585,000 $3,510,000 

Convert from Chlorine 

Gas to Sodium 

Hypochlorite Solution 

$208,000 $42,000 $50,000 $300,000 

Conversion to 

Polyorthophosphate 
$105,000 $20,000 $25,000 $150,000 

Re-Line Sludge 

Lagoons 
$1,111,000 $222,000 $267,000 $1,600,000 

Replace Backwash 

Tank 1 
$295,000 $60,000 $70,000 $425,000 

Re-Coating of Chlorine 

Contact Tank (Interior 

and Exterior) 

$210,000 $40,000 $50,000 $300,000 

 
a Contingency at 20% of baseline construction costs. 
b Engineering/Admin/Legal/Construction Management Costs at 20% of sum of baseline construction cost and contingency  
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SUSTAINABILITY AND CLIMATE CHANGE 

 

Incorporating sustainability into the water master plan ensures that the City of Benicia remains a 

good steward of their water resources. 

 

The City has continuously implemented a water conservation program for more than 20 years. 

The City’s on-going commitment to address sustainability and reduce global warming impacts 

related to the Water System Master Plan is addressed in this chapter.  Effects of climate change 

resulting from operation of the City water supply system can be influenced in three general areas 

1) reducing the operation of facilities by reducing demand; 2) increasing the efficiency of 

facilities that use energy; and 3) obtaining energy from renewable sources. 

 

The City has a very detailed and goal oriented Climate Action Plan (CAP). The plan inventoried 

City energy users and concluded that almost 25 percent of the City Government’s greenhouse 

gas (GHG) emissions result from the electricity required to pump, treat, and deliver clean potable 

water (the subject of this water master plan) and to collect and treat wastewater (see Wastewater 

System Master Plan). 

 

The CAP established the following three objectives for the City water and wastewater systems 

(WW).  Each objective has several strategies and those are also noted throughout this chapter as 

they apply: 

 

 Objective WW-1: Reduce the Amount of Water Consumed 20% by 2020 

 Objective WW-2: Reduce the Amount of Emissions Resulting from Pumps and Lift 

Stations 

 Objective WW-3: Reduce the Amount of Emissions Resulting from Water and 

Wastewater Plant Operations 95% by 2020 

 

Climate change and other impacts that occur as a result of global warming present potential 

challenges for water supply. The City is committed to meet the challenges of climate change by 

preparing for potential future changes.  The City supported the passage of AB 32, the Global 

Warming Solutions Act, which requires California to cut its greenhouse gas emissions by 25 

percent by 2020 and has adopted its own Climate Action Plan. To help mitigate global climate 

change, the City has aggressive goals to save energy by increasing water facility efficiency, 

reducing demand with water conservation measures, and reducing the City’s role in global 

warming by considering energy sources that are renewable. To meet future challenges of 

diminished supplies, the City must prepare for both emergency situations, as well as long term 

goals. Suggestions and recommendations for further implementing City objectives have been 

addressed in Section 7 – Sustainability and Climate Change.  
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CAPITAL IMPROVEMENT PROGRAM 

 

Based on the analysis of the water transmission, distribution, and treatment systems the 

recommended projects have been developed into a 10-year Capital Improvement Program (CIP) 

to represent the staged implementation of water system improvements in the distribution system 

and at the water treatment plant. 

 

Water Distribution System 

 

The recommended improvement projects and cost estimates resulting from the analysis of the 

water distribution system are shown in Tables E-5 and E-6. Most of the recommended 

improvement projects are necessary to correct current deficiencies or will immediately improve 

system operation, performance, and reliability (redundancy), if implemented. 

 

Table E-5 shows the projects that will benefit existing customers, to be funded by the existing 

general fund. Table E-6 shows the projects that will benefit new customers, to be funded by 

connection fees. These connection fee project costs are shared with existing customers, and 

therefore the costs are split between Tables E-5 and E-6. The projects identified in the CIP 

resulted from the most recent budget preparation concluded prior to completion of this master 

plan update. The projects are listed in detail in Section 5, and have been staggered over the 10 

year period to spread costs to each fiscal year in an effort to balance annual costs. The timing of 

projects may change as priorities shift, or funding is impacted. 

 

Water Treatment Plant 

 

The water treatment plant projects identified in Table E-7 resulted from the most recent budget 

preparation concluded prior to completion of this Master Plan update. Projects not completed 

from the previous CIP were either deleted (no longer necessary) or re-entered into this current 

list of projects. Electrical and instrumentation upgrades take a high priority in FYs 2013-2015. In 

subsequent years 2015-2017, conversion from chlorine gas to liquid sodium hypochlorite is 

planned along with improvements to the chemical tank farm. The major project slated for the 

treatment plant is construction of the magnetic ion exchange system (MIEX) expected to begin in 

FY 2017.  

 

The remaining projects are staggered over the 10-year period to spread costs in each fiscal year 

as much as possible. The timing of projects may change as priorities shift, or funding is 

impacted. On a 20-year horizon, several projects are listed including large maintenance items 

such as reservoir recoating and relining of the sludge lagoons. 
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TABLE E-5 

WATER DISTRIBUTION SYSTEM 

10-YEAR CAPITAL IMPROVEMENT PROGRAM 

OPERATIONS FUND 

 

Project 

 
FY FY FY FY FY FY FY FY FY   

Number Project 2013-14 2014-15 2015-16 2016-17 2017-18 

2018-

19 

2019-

20 

2020-

21 2021-32 Total 

Distribution System              

 

      

1 

New 18-inch transmission main in Park Road 

for Zone 1 (Armory to Oak Road) $504,000     

 

    

 

    $504,000 

2 

New 24-inch DIP in Park Road for Zone I 

(Reliability)       

 

$357,000   

 

    $357,000 

3 

Replace 6-inch DIP in Jefferson Street (Grant 

Street to Park Road)   $110,000   

 

    

 

    $110,000 

4 

New 12-inch DIP in Adams Street (Grant 

Street to Bayshore Road)   $39,500
a
   

 

    

 

    $39,500 

5 

New 12-inch DIP in Military West (West 6th 

Street to Plaza de Oro)     $330,500
a
 

 

    

 

    $330,500 

6 

New 8-inch DIP to loop Drolette Way with 

Corrigan Court       $17,000
a
     

 

    $17,000 

7 

New 12-inch DIP in Zone III to serve Pressure 

Zone 3-A       $95,000
a
     

 

    $95,000 

8 

New 36-inch transmission main (Reliability 

from WTP to East 2nd Street)         $726,000   

 

    $726,000 

9 Benicia-Vallejo Inter-tie             

 

  $3,500,000 $3,500,000 

10 P-2 Pump Station MCC Replacement       $300,000     

 

    $300,000 

11 

Recoating of R-1 Reservoir (interior & 

exterior)             

 

  $300,000 $300,000 

12 

Recoating of R-2 Reservoir (interior & 

exterior)             

 

  $300,000 $300,000 

Raw Water Transmission System              

 

      

  36-inch RWTL CP Improvements $200,000 $200,000         

 

    $400,000 

  36-inch RWTL Improvements $200,000           

 

    $200,000 

  Totals $904,000 $349,500 $330,500 $412,000 $1,083,000 $0 $0 $0 $4,100,000 $7,179,000 
 
a This cost represents half of the total project cost. The project cost is shared equally with the Connection Fee Fund (see Table E-6) 
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TABLE E-6 

WATER DISTRIBUTION SYSTEM 

10-YEAR CAPITAL IMPROVEMENT PROGRAM 

CONNECTION FEE FUND
a
 

 

Project   FY FY FY FY FY FY FY FY FY   

Number Project 2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-32 Total 

4 

New 12-inch DIP in Adams Street (Grant 

Street to Bayshore Road)   $39,500
b
   

 

    

 

    $39,500 

5 

New 12-inch DIP in Military West (West 6th 

Street to Plaza de Oro)     $330,500
c
 

 

    

 

    $330,500 

6 

New 8-inch DIP to loop Drolette Way with 

Corrigan Court       $17,000
d
     

 

    $17,000 

7 

New 12-inch DIP in Zone III to serve 

Pressure Zone 3-A       $95,000
e
     

 

    $95,000 

  Totals $0 $39,500 $330,500 $112,000 $0 $0 $0 $0 $0 $482,000 
 

a The cost for each of these projects represents half of the total project cost. The project cost is shared equally with the Operations Fund (see Table E-5) 
b Total project cost is estimated at $79,000. 
c Total project cost is estimated at $661,000. 
d  Total project cost is estimated at $34,000. 
e Total project cost is estimated at $190,000. 
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TABLE E-7 

WATER TREATMENT PLANT 

10-YEAR CAPITAL IMPROVEMENT PROGRAM 

OPERATIONS FUND 

 

  FY FY FY FY FY FY FY FY FY   

Project 2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-32 Total 

WTP PLC Replacement $200,000   

 

  

 

        $200,000 

Chemical Building Electrical Systems and 

Controls   $690,000 

 

  

 

        $690,000 

Chemical Tank Farm Improvements     $250,000 $600,000 

 

        $850,000 

Magnetic Ion Exchange System (6 mgd)     

 

  $800,000 $2,710,000       $3,510,000 

Conversion from Chlorine Gas to Sodium 

Hypochlorite     $300,000   

 

        $300,000 

Conversion to Polyorthophosphate     

 

  

 

  $150,000     $150,000 

Re-Line Sludge Lagoons     

 

  

 

      $1,600,000 $1,600,000 

Replace Backwash Tank 1     

 

  

 

      $425,000 $425,000 

Recoating of Chlorine Contact Tank 

(interior & exterior)     

 

  

 

      $300,000 $300,000 

Totals $200,000 $690,000 $550,000 $600,000 $800,000 $2,710,000 $150,000 $0 $2,325,000 $8,025,000 
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The City of Benicia (City) has been following a plan outlined in its 1996 Water System Master 

Plan for maintaining a water system that is reliable with regard to supply and quality. In the past 

16 years, significant changes in the economy and regulatory environment have made it clear that 

an updated planning effort and guide document was required in order to properly maintain and 

upgrade the City's water system. Preparing an update of the Water System Master Plan will 

provide a fresh look and solid foundation on which to base future decisions regarding 

improvements to, and operation and maintenance of treatment, transmission, distribution, and 

storage facilities. 

 

In particular, the City wishes to account for: 

• Growth occurring at a slower pace and in different locations than predicted in the 1996 

Water System Master Plan and previous studies 

• The need for assessment of existing facilities to improve operational performance 

• Changing drinking water regulations, particularly with respect to distribution system 

water quality 

• Reliability of water sources, both in quantity and quality 

 

The City has identified key objectives for the 2012 Water System Master Plan update. These 

objectives are to: 

• Address water quality concerns of the City's system for meeting existing and future 

requirements of the California Department of Public Health (CDPH) 

• Identify sources and facilities required to meet future drinking water demands of the City for 

the next 20 years 

• Consider sustainability and the potential for meeting the objectives of the City’s Climate 

Action Plan for water facilities 

• Develop a Capital Improvement Program 

 

PREVIOUS STUDIES 

 

The City has historically undertaken master planning studies to plan for future development and 

guide expansion and improvement of the water transmission, distribution and treatment facilities. 

Water System Master Plans were prepared in 1977, 1990, and most recently in 1996. This 2012 

Water System Master Plan update will provide the City with a comprehensive guide to providing 

reliable, high quality, and reasonably priced drinking water to its customers. 

 

Previous reports reviewed for incorporation into this document include the following: 

 

Water System Master Plan, Camp Dresser & McKee, November 1990 

Water System Master Plan, Montgomery Watson, September 1996 

Urban Water Management Plan, Camp Dresser & McKee, June 2011 

Benicia Climate Action Plan, City of Benicia, September, 2009 
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OBJECTIVE 

 

The primary objective of this Water System Master Plan update is development of a 

comprehensive plan for expansion and implementation of the water system improvements 

required to meet current and future projected water demands. This plan extends through the 

estimated ultimate (buildout) development of the City. Improvement projects have been outlined 

for the next ten years, with additional projects identified through 2032. The following major 

scope tasks were performed in this study: 

 

• Establish planning and engineering criteria 

• Update the City's water demand forecasts and water supply projections 

• Develop a hydraulic network model and analyze the water distribution system 

• Investigate water treatment options 

• Evaluate the feasibility of reclamation 

• Address sustainability and climate change 

• Prepare the water system master plan report 

 

OUTLINE OF REPORT 

 

This master plan report includes the following sections: 

 

• Executive Summary 

• Section 1 - Introduction 

• Section 2 - Water Demand Forecasts 

• Section 3 - Water Supply Sources 

• Section 4 - Existing Water System 

• Section 5 - Distribution System Evaluation 

• Section 6 - Water Treatment Plant Evaluation 

• Section 7 - Sustainability and Climate Change  

• Section 8 - Capital Improvement Program 

• Appendix A - Water Supply Agreements 

• Appendix B - Technical Memorandum – Regulations Review 
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The existing and projected water demands for the City of Benicia water system are presented in 

this section. Water demands are projected in five-year increments through buildout in the year 

2035.  

 

STUDY AREA CHARACTERISTICS 

 

Founded in 1847, the City of Benicia is a waterfront city containing historic buildings and 

military establishments, industry, and new residential developments upon a backdrop of rolling 

hills. Bordering the Carquinez Strait and Suisun Bay, Benicia's neighbors include the City of 

Vallejo to the west and the City of Martinez across the Carquinez Strait to the south. 

Demographic characteristics and climate both affect water use and are thus discussed herein.  

 

Study Area 

 

The current City water service area is within the city limits. The city limits roughly include the 

borders the Vallejo city limit line (west of Rose Drive) to the west, Lake Herman to the north, 

Carquinez Strait to the south, and Suisun Bay to the east, as shown in Figure 2-1. The future 

service area boundary is the sphere of influence boundary shown in the 2003 Benicia General 

Plan Land Use map.  

 

Demographic Characteristics 
 

Benicia's historical growth, presented in Table 2-l, has been somewhat sporadic with the largest 

influx occurring in the 1940s and again in the 1970s. The 1980s showed a decline in the growth 

rate. The first half of the 1990s has seen renewed growth in the area, which have stalled 

somewhat in the 2000s. The population projections presented in Table 2-2 are from the 

Association of Bay Area Governments (ABAG) Projections and Priorities 2009, and are 

consistent with population projections presented in the 2010 Urban Water Management Plan. 

 
TABLE 2-1 

HISTORICAL POPULATION 

 

Year Population 

1940
a 

2,419 

1950
a 

7,284 

1960
a 

6,070 

1970
a 

7,352 

1980
a 

15,376 

1990
a 

25,342 

2000
b 

26,865 

2010
b 

28,086 
 
a Benicia General Plan, 1993 
b Benicia Urban Water Master Plan, 2010 
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TABLE 2-2 

POPULATION AND HOUSEHOLD FORECASTS
a 

 

 2010 2015 2020 2025 2030 2035 

Population 28,086 28,515 28,943 29,372 29,800 30,100 

Households 10,522 10,805 11,065 11,330 11,600 11,680 

Population Growth % -- 1.5 1.5 1.5 1.5 1.0 
 

a  From Association of Bay Area Governments, Projections and Priorities, 2009 

 

Climate  

 

Benicia has an inland coastal maritime climate typified by cool, wet winters with significant 

periods of fog and warm, dry summers with frequent cooling sea breezes from the west.  Water 

demand in the City service area increases in the summer months due to outdoor irrigation.  Total 

precipitation in Benicia averages about 20 inches per year and falls mostly between December 

and April.  Typically, July and August are the hottest months of the year with an average high 

temperature of 87 degrees Fahrenheit.  December and January are the coolest months with an 

average low temperature of 39 degrees Fahrenheit, as shown in Table 2-3.  Evapotranspiration 

(ET) follows a similar trend as temperature, peaking in July and decreasing in January.  

 
TABLE 2-3 

CLIMATE DATA 

 

Month 

Monthly Average 

Maximum 

Temperature
a
, ºF 

Monthly Average 

Minimum 

Temperature
a
, ºF 

Monthly Average 

Precipitation
a
, in 

Monthly Average 

Evapotranspiration
b
, in 

January 54 39 4.25 1.3 

February 60 42 3.81 1.4 

March 64 44 3.24 2.7 

April 71 46 1.04 3.8 

May 78 50 0.46 4.9 

June 84 54 0.12 5.0 

July 87 55 0.02 6.4 

August 87 55 0.08 5.5 

September 83 54 0.24 4.4 

October 75 49 0.94 2.9 

November 63 43 2.59 1.2 

December 55 39 2.79 0.7 

Annual 72 48 19.58 40.3 
 

a  
 Average Weather for Benicia, CA, www.weather.com 

b  California Code of Regulations, Title 23, Chapter 2.7, Model Water Efficient Landscape Ordinance 

 

WATER DEMAND DEVELOPMENT METHODOLOGY  

 

The water demand forecasts described and presented below were developed based on land use 

projections and water use factors. The land use projection methodology ties the forecasts to 

actual planned land use as designated by the City’s Community Development Department.  The 

http://www.weather.com/
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December 2011 Zoning Map, provided by the Community Development Department, is used 

throughout this section. The land use designations presented in the zoning map are subject to 

long-range planning decisions made by the City Council which involve public scrutiny to reduce 

perceived growth-inducing conflicts.  

 

Separate water forecasts were developed for: (1) treated water production; (2) Raw water 

demands for the Valero Refinery (Valero); and (3) the City's total water supply needs, which is 

equivalent to the sum of treated water production and Valero's raw water demands. For each of 

the three forecasts, three water use projections--high, baseline, and low--were developed to 

provide a probable range of future water use.  

 

Existing (2010) consumption and production data were obtained from the City’s meter data 

records and raw water flow meter at the water treatment plant (WTP).  These data were used as 

an existing condition basis upon which the baseline projections were built.  The City’s 

consumption and production data were reconciled with data provided in the 2010 Urban Water 

Management Plan (UWMP). Future water demands in five year increments through 2035 

presented in the 2010 UWMP are used to predict future water demands.  The UWMP water 

demand projections are based on the population predictions presented in Table 2-2.  Baseline raw 

water demand forecast for the Valero refinery, was extrapolated from historic demands.  The 

refinery was previously operated by Exxon.  The baseline projection for the City's total water 

supply needs was the summation of the baseline forecasts for the treated water demands plus 

Valero's raw water demands.  

 

The high water use curve was developed by assuming that the industrial water use increases to 

twice the water use forecasted in the baseline projection, and the Valero raw water used increases 

by ten percent over the baseline water use. 

 

Low curves were developed by assuming that planned development occurs to only 80 percent of 

that projected at baseline conditions and that water conservation contributes to a 10 percent 

reduction in water demands for both treated water and Valero's raw water.  This results in a total 

treated water reduction of 72 percent.  Raw water use is assumed to be reduced by ten percent. 

 

HISTORICAL WATER USE 

 

The City contracts to receive raw water from the North Bay Aqueduct (NBA) through 

agreements with the Solano County Water Agency (SCWA) for State Water Project (SWP) 

water and with the California Department of Water Resources (DWR) for Settlement Water.  

The City also receives water from the Solano Water Project through agreements with the City of 

Vallejo and the Solano Irrigation District (SID). These raw water supplies are delivered to the 

City’s WTP. Roughly half of the City’s raw water demand is for Valero. The refinery has an 

onsite treatment plant for producing water for their own industrial water uses. The remaining raw 

water is treated at the City’s WTP. Water supplies can be stored at Lake Herman, which has an 

approximate capacity of 1,400 AF. Water stored in Lake Herman is captured through storm 

water runoff or impounded from excess raw water diversion from the WTP. The City's water 

supply sources are detailed in Section 3. 
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Historical Treated Water Demands 

 

Historical water production and consumption data were analyzed to determine appropriate 

peaking factors, system losses, and other parameters to estimate and allocate existing and 

projected future water demands. Treated water production data are based on flow meter records 

of raw water delivered to the water treatment plant. Consumption data were compiled from 

customer billing records based on water meter readings. Raw water demands are discussed in the 

final paragraphs of Section 2. 

 

From 2002 to 2011, the annual production of the water treatment plant ranged from 1,783.5 to 

2,175.8 million gallons per year (MG/year), corresponding to annual average day demands of 

4.89 million gallons per day (mgd) and 5.96 mgd, respectively. Historical annual water 

production totals from the Benicia WTP are presented in Table 2-4.  Historical monthly water 

production is presented in Table 2-5. 

 
TABLE 2-4 

HISTORICAL ANNUAL WATER PRODUCTION 

 

Year 

Total 

Production, 

MG/yr 

Average Total 

Production, mgd 

2002 2,136.8 5.85 

2003 2,034.0 5.57 

2004 2,176.5 5.95 

2005 1,973.7 5.41 

2006 1,930.4 5.29 

2007 2,175.8 5.96 

2008 2,127.0 5.81 

2009 1,919.6 5.26 

2010 1,783.5 4.89 

2011 1,833.5 5.02 
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TABLE 2-5 

HISTORICAL MONTHLY PRODUCTION 

 

Monthly Production (MG) 

Month 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

January 103.8 111.3 108.0 100.9 104.4 120.5 107.4 110.4 101.0 100.5 

February 98.0 100.6 99.3 90.7 96.8 104.3 102.9 97.6 87.2 93.5 

March 121.7 118.9 139.9 99.2 98.7 143.9 145.2 114.7 108.4 99.9 

April 166.5 131.1 194.3 128.7 99.1 173.2 191.9 159.2 113.9 130.7 

May 206.2 177.6 237.7 171.7 182.6 221.5 222.9 185.3 155.3 188.5 

June 239.5 233.5 248.4 220.6 219.5 244.1 228.9 207.8 201.9 182.2 

July 261.4 261.6 261.0 254.6 245.0 261.6 243.7 229.2 226.2 216.0 

August 250.8 238.9 250.8 248.2 211.8 258.6 243.6 225.8 216.5 215.6 

September 230.2 216.6 236.0 217.7 223.9 223.9 213.1 205.8 201.1 200.3 

October 206.5 206.4 173.9 192.9 199.2 169.7 190.1 156.2 157.1 165.5 

November 134.8 129.8 115.2 139.2 132.4 138.2 125.4 122.2 110.4 122.9 

December 117.4 107.7 112.0 109.3 117.0 116.3 111.9 105.3 104.4 117.9 

Total 2,136.8 2,034.0 2,176.5 1,973.7 1,930.4 2,175.8 2,127.0 1,919.6 1,783.5 1,833.5 

           

Monthly Average, MG 178.1 169.5 181.4 164.5 160.9 181.3 177.3 160.0 148.6 152.8 

Annual Average, mgd 5.85 5.57 5.95 5.41 5.29 5.96 5.81 5.26 4.89 5.02 
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Large Treated Water Users 
 

Billing data for 2011 was tabulated to provide a list of the City's largest users of treated water. 

The top ten water users include industrial refineries, homeowners associations, and school 

districts. The list will be used to target point sources where necessary while calibrating the 

hydraulic model. The top ten water users consumed 737 acre-feet per year (AFY), or 40 percent 

of treated water in 2011. The ten largest users of treated water in 2011 are shown in Table 2-6.  
 

TABLE 2-6 

LARGE TREATED WATER USERS 
 

  2011 Demand 

Rank Customer Name gpd AFY 

1 City of Benicia
a 

293,021 328.25 

2 Valero Refining Company 79,198 88.72 

3 Club Pacifica 42,458 47.56 

4 Bay Vista Homeowners Association 41,232 46.19 

5 Benicia Unified School District 39,287 44.01 

6 Water View PMG 38,482 43.11 

7 The Terrace Townhouse 34,560 38.71 

8 Hillsboro Properties 31,574 35.37 

9 Benicia Highland Homeowners Association 31,363 35.13 

10 Bayview Villas 26,524 29.71 

Total   736.76 
 

a
 City of Benicia demand includes all City accounts. 

 

Non-Revenue Water 
 

Non-Revenue Water (NRW) accounts for system losses at the treatment plant and throughout the 

distribution system. NRW is determined by comparing the amount of water produced at the WTP 

with the amount of metered water delivered during the same time period. NRW was calculated 

for years 2000 through 2011, and is presented in Table 2-7. 
 

TABLE 2-7 

NON-REVENUE WATER 
 

Year 

Treated 

Water 

Volume, 

AFY 

Total 

Metered 

Deliveries, 

AFY 

Non-

Revenue 

Water, AFY 

Non-

Revenue 

Water, % 

2000 5,703 4,990 713 12.5% 

2001 5,848 5,230 618 10.6% 

2002 5,645 5,454 191 3.4% 

2003 5,889 5,077 812 13.8% 

2004 6,271 5,619 652 10.4% 

2005 5,883 5,000 883 15.0% 

2006
a 

5,641 4,989 652 12.1% 

2007
a 

6,412 4,661 1,285 23.4% 

2008
a 

6,251 4,777 1,161 22.2% 

2009 5,777 4,517 1,260 21.8% 

2010 5,500 4,183 1,317 23.9% 

2011 5,608 4,195 1,413 25.2% 
 

a  Supply volume adjusted to account for faulty meter readings. 
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As seen in Table 2-7, NRW ranged from 3.4 to 25.2 percent of the total water treated.  NRW 

averaged 16.2 percent.  In 2007, the flow meter probe was found to be too short for the diameter 

of pipe carrying water from the WTP.  Flows measured prior to 2007 were underestimated due to 

the faulty flow meter probe.  As seen in Table 2-7, the highest percentages of NRW are observed 

from 2007 to the present, with an average of 23.3 percent. The typical water conservation goal 

for California cities is to keep NRW below 10 percent. All water systems have some level of 

non-revenue water, typically between 10 to 20 percent of total demand. 

 

PEAKING FACTORS 

 

Peaking factors represent the increase above the average annual demands and are used to 

calculate the water demands expected under varying demand conditions. The resulting demand 

conditions are used in the hydraulic analysis of the distribution system. Typical peaking factors 

necessary for the hydraulic evaluation and sizing of improvements include maximum day to 

average day demand, peak hour to maximum day demand (MDD), and maximum month to 

average month demand. Peaking factors are obtained from a review of historical data and 

experiences from neighboring water systems. 

 

Average Day of Maximum Month 

 

Average Day of Maximum Month is defined as the average day demand for the month of highest 

water demand during the year, expressed as a multiplier of average daily annual demand. This 

factor is used primarily in the evaluation of supply capabilities. Review of the City's monthly 

water production data indicate an average day in the maximum month to average annual demand 

ratio ranging from 1.3 to 1.5.  

 

Maximum Day Demand 

 

The MDD peaking factor is the ratio of the maximum flowrate into the plant to the average daily 

flowrate for the year. Water transmission, treatment, and pumping facilities are typically sized 

for MDD. Water flow records from 2007 through 2011 were obtained from the City and 

reviewed to determine the maximum daily raw water flowrate entering the plant.  Records prior 

to 2007 were not considered due to the underestimation of flow caused by a faulty flow meter 

probe. The average annual and maximum daily flowrates are shown in Table 2-8. The maximum 

day peaking factor ranges from 1.4 to 1.5. To be conservative, the average peaking factor during 

this time period is 1.5, which is used in the hydraulic model.  This factor is within the American 

Water Works Association (AWWA) criterion of 1.2 to 2.5 times average day demand for similar 

water systems with gravity storage capacity.  
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TABLE 2-8 

MAXIMUM DAY PEAKING FACTORS 
 

  Production, mgd  

Year 

Month of 

Maximum 

Day Demand 

Peak Month 

Maximum 

Day Demand 

Annual 

Average Day 

Demand 

Maximum 

Day Peaking 

Factor 

2007 July 6.9 4.9 1.4 

2008 August 6.2 4.7 1.4 

2009 July 7.3 5.2 1.4 

2010 July 7.4 4.9 1.5 

2011 August 6.9 5.0 1.4 

 

Peak Hour Demand 
 

The peak hour demand factor is the ratio of the highest hourly flowrate into the plant to the 

maximum daily flowrate, and represents the highest diurnal flowrate. Peak hour demands are 

typically met by utilizing water in water storage facilities. Based on discussions with City staff, 

comparison with similar water systems, previous studies, and the maximum day diurnal flow 

records, a peak hour factor of 1.6 will be used in the hydraulic evaluation. AWWA criteria 

indicate that peak hour demands generally range from 1.3 to 2.0 times the MDD.  
 

Maximum Month Demand 
 

An indicator of the seasonal fluctuation of raw water flows entering the plant is the ratio of the 

maximum monthly flow to the average monthly flow for the year, as shown in Table 2-9. These 

ratios ranged from a low of 1.35 in 2008 to a high of 1.53 in 2010.  Data prior to 2007 was not 

considered due to an underestimation of flow caused by a faulty flow meter probe. The average 

maximum month flow demand factor from 2007 to 2011 is 1.43. 
 

TABLE 2-9 

MAXIMUM MONTH PEAKING FACTORS 

 

  Production, mgd  

Year 

Month of 

Maximum 

Day Demand 

Maximum 

Month Total 

Flow 

Average 

Annual 

Monthly Flow 

Maximum 

Month 

Peaking 

Factor 

2007 July 214 149 1.44 

2008 August 192 142 1.35 

2009 July 226 157 1.44 

2010 July 228 149 1.53 

2011 August 215 152 1.41 

Average    1.43 

 

FUTURE LAND USES 

 

Future land use information was obtained from the City’s General Plan and the December 2011 

Zoning Map. Land use categories were used for compiling future land use acreages, and are 

described in Table 2-10.  
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TABLE 2-10 

LAND USE DESCRIPTIONS 

 

Land Use Designation Description 

Open Space Includes urban open space (publicly-owned open space land dedicated for 

permanent open space in residential subdivisions); open space for public health 

and safety (hillsides with slopes over 30 percent); rural open space (space for 

managed production of resources); and open space for conservation of natural 

resources (Lake Herman watershed). 

Park Publicly-owned neighborhood, community, and regional parks; golf courses. 

Public & Quasi-Public Includes variety of public services, such as education (schools), police, fire, 

water, and sewer facilities. 

Low Density Family Residential Single family homes (0-7 dwelling units per acre (du/ac)) 

Medium Density Residential Multifamily residences (8-14 du/ac) 

High Density Residential Multifamily residences (15-21 du/ac) 

Community Commercial Convenience commercial centers, limited in size (formerly Neighborhood 

Commercial). 

Office Commercial Small scale offices intended to serve as a buffer between residential uses and 

more intensive commercial areas. This category typically generates lower traffic 

volumes than offices in other commercial or industrial districts (formerly 

Business and Professional Offices). 

General Commercial Primary shopping centers, auto service and parts shops, retail sales, offices, and 

shops. 

Downtown Commercial (Town Core) First Street Corridor between Solano Square and Historic Triangle. Relatively 

intense commercial development while providing pedestrian and historical 

orientation. 

Waterfront Commercial Pedestrian-scale commercial and residential area with both water orientation and 

historic character.  Commercial component restricted to retail shops and services 

that directly support marina and boating activities or restaurants overlooking the 

water. 

Limited Industrial Manufacturing, assembly, and packaging of goods primarily from previously 

prepared materials; wholesale, distribution, and storage facilities; research and 

development facilities; and related industrial and commercial services. 

General Industrial Manufacturing, assembly, and packaging of goods and products from extracted, 

raw, and previously prepared materials and related industrial and commercial 

services. Least restrictive of industrial categories to allow flexibility. 

Water Related Industrial Includes port terminals and water-dependent, related industrial uses such as 

warehousing and storage; supporting transportation services; and ship 

maintenance and repair. 

Industrial Park Landscaped settings for industrial office centers, research and development 

facilities, limited industrial activities, and small-scale warehousing distribution. 

Town Core – Open Currently open space, planned for future Town Center land use development. 

Valero Buffer Open space area to provide a buffer between the Valero refinery and other 

development in the City.  The buffer is zoned as Light Industrial and General 

Industrial in the December 2011 Zoning Map; however, this area has not been 

included in previous water demand estimates. 

Neighborhood General This is a zoning designation intended to protect the integrity and quality of the 

downtown residential neighborhoods.  

Neighborhood General - Open Currently open space, planned for future Neighborhood General land use 

development. 
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Future growth is based on the population projections in ABAG’s Projections and Priorities 2009.  

Figure 2-2 indicates the location of planned future development. Future growth includes small 

infill projects throughout the City as well as the 500-acre Benicia Business Park (Seeno 

Property).  The business park is proposed to include 35-acres of commercial uses, 150 acres of 

limited industrial uses and 315 acres of open space.  The Benicia Business Park is currently on 

hold. 

 

Year 2035 is the General Plan buildout date and extent of the Water System Master Plan and 

UWMP planning horizons. Demands resulting from this methodology are approximately phased; 

demands could occur earlier or later in the planning horizon but ultimately reflect full buildout of 

General Plan land use. 

 

In addition, Figure 2-2 shows a Valero buffer zone which has General Plan land uses of general 

and light industrial, but is assumed to remain open space as a buffer between Valero's refinery 

and residential and other community development. This land is not included in expected 

buildout.  

 

The land use categories used in the December 2011 Zoning Map are largely the same as 

described in the 1999 General Plan.  Exceptions include the Town Center, Industrial Park, and 

Neighborhood General land uses shown in the December 2011 Zoning Map.  Town Center land 

use is assumed to be equivalent to Downtown Commercial described in the General Plan.  The 

Industrial Park land use is assumed to be more concentrated than other industrial land uses.  The 

Neighborhood General land use is used in the Downtown Mixed Use Master Plan Zoning 

District shown on the December 2011 Zoning Map, and is assumed to be similar to the 

Community General land use described in the General Plan. 

 

The Valero Buffer land use is not shown on the December 2011 Zoning Map or described in the 

1999 General Plan.  The Valero Buffer is located in land use shown as Limited Industrial and 

General Industrial on the December 2011 Zoning Map; however, no development will be 

permitted within the area to provide a buffer between the Valero refinery and other development 

in the City. 
 

WATER USE FACTORS 
 

Water use factors were developed for the future land use categories based on historical use in 

Benicia and experience with water service areas with similar study area characteristics. Industrial 

use is quite variable and is described in greater detail herein. The water use factors will be used 

as the basis for accurately developing the future water use factors. 

 

Water use factors for existing land uses, shown in Table 2-11, were estimated using water 

consumption data provided by the City.  Residential demand factors were determined by 

isolating a land use area, identifying the water consumption data for that sample area, and then 

dividing the water consumption by the number of units in the sample area.  Other demand factors 

(non-residential) were determined by dividing water consumption by the acreage within that 

sample area. After calculating the City demands, we reviewed demand factors used in other 

Cities within the county. The calculated demand factors are similar to demand factors used in 

nearby Cities. 
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TABLE 2-11 

BASELINE WATER USE FACTORS 
 

 Demand Factor 

Land Use gpd/du gpd/ac 

Open Space (OS) -- 0 

Park (PK) -- 1,700 

Public & Semi-Public (PS) -- 700 

Single Family Residential (RS) 300 -- 

Medium Density Residential (RM) 240 -- 

High Density Residential (RH) -- 2,750 

Planned Development (PD) -- 0 

Community Commercial (CC) -- 1,300 

Office Commercial (CO) -- 775 

General Commercial (CG) -- 1,850 

Downtown Commercial (Town Core, CD) -- 2,500 

Waterfront Commercial (CW) -- 1,450 

Limited Industrial (IL) -- 200 

General Industrial (IG) -- 425 

Water Related Industrial (IW) -- 200 

Industrial Park (IP) -- 2,500 

Town Core – Open (TC-O) -- 0 

Valero Buffer (VB) -- 0 

Neighborhood General (NG) -- 1,400 

Neighborhood General – Open (NG-O) -- 0 

 

WATER DEMANDS 
 

Production and consumption data for October 2009 through August 2011 was obtained from the 

City and was used to develop existing treated water demands. Treated water production data and 

Valero's raw water demand data were used to develop existing raw water supply needs.  

 

Treated Water Demands 

 

Treated water demands are necessary for preparation of the Urban Water Management Plan, for 

water supply planning purposes, and for development of the hydraulic model. Three treated 

water production demand curves have been developed as a result of the information and 

methodology described previously to meet the analysis needs of these three efforts. Comparisons 

of the forecasts are provided in Table 2-12 and Figure 2-3.  
 

TABLE 2-12 

TREATED WATER DEMAND FORECAST COMPARISON 

 

Year 2010 2015 2020 2025 2030 2035 

 mgd AFY mgd AFY mgd AFY mgd AFY mgd AFY mgd AFY 

High 3.73 4,183 3.87 4,337 3.93 4,407 3.99 4,475 4.06 4,550 4.11 4,601 

Baseline 3.73 4,183 3.79 4,247 3.85 4,315 3.91 4,382 3.98 4,455 4.02 4,505 

Low 3.73 4,183 2.73 3,058 2.77 3,107 2.82 3,155 2.86 3,208 2.90 3,244 
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Baseline Treated Water Demands. A baseline forecast was developed assuming no additional 

conservation from 2009-11 levels would occur in the future. Baseline water demand forecasts 

presented in the 2010 UWMP were used for the water demand.  Forecast consumption for the 

various land use categories were summarized to provide the baseline treated production 

projection shown in Table 2-13. 

 
TABLE 2-13 

BASELINE TREATED WATER DEMAND FORECAST BY CATEGORY 

 

 Water Consumption, AFY 

Water Use Category 2010 2015 2020 2025 2030 2035 

Single Family Residential 2,701 2,743 2,786 2,830 2,876 2,909 

Multi-Family Residential 467 474 482 489 497 503 

Commercial/Institutional 381 387 393 399 406 410 

Industrial 89 90 92 93 95 96 

Irrigation 536 544 553 562 571 577 

Other 9 9 9 9 10 10 

Total 4,183 4,247 4,315 4,382 4,455 4,505 

 

The projected water consumption shown in Table 2-13 includes increased water demands from 

the infill projects and the Benicia Business Park project (Seeno Property).  Because of the 

uncertainty in the phasing of the future projects, water consumption is assumed to increase 

proportionately to the population growth. 

 

High Treated Water Demands. The high treated water demand scenario is developed to capture 

the variability of water use at industrial land uses.  The high treated water demand assumes that 

industrial water use is twice the baseline industrial water use. 

 

Low Treated Water Demands. The third demand estimate assumes a future conservation effort 

that would save ten percent of baseline production as a result of a proactive water conservation 

program and assumes that actual City buildout will only be 80 percent of estimated baseline 

buildout.  The combination of the conservation and buildout reduction results in a 72 percent 

reduction in water use. This estimate is important to consider for the hydraulic model evaluation 

and facilities planning.  

 

Valero’s Benicia Refinery - Raw Water Demands 

 

In addition to the demands for treated water, the City provides a significant portion of its raw 

water supply to meet the raw water needs of the Valero Refinery. Valero has a contractual 

agreement of up to 5,800 AFY maximum annual delivery (5.2 mgd), which theoretically can be 

requested with one month's notice.  Since 2002, raw water demand for the refinery has ranged 

from 4,528 AFY to 4,849.9 AFY. Valero's historic and baseline projected raw water demands are 

shown in Table 2-14. Water use for the Valero refinery projected in the 2010 UWMP Update is 

used for future water demand at the refinery. 
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TABLE 2-14 

VALERO REFINERY HISTORICAL AND PROJECTED RAW WATER DEMAND 

 

Year 

Historical 
Demand, AFY 

 2002 4,695.2 

 2003 4,717.1 

 2004 4,528.1 

 2005 4,849.9 

 2006 4,701.1 

 2007 4,672.1 

 2008 4,777.4 

 2009 4,738.3 

 2010 4,792.1 

 2011 4,570.6 

   

Projected  

 2015 5,296 

 2020 5,800 

 2025 5,800 

 2030 5,800 

 2035 5,800 

 

Total Raw Water Demands 

 

The total amount of raw water supply the City is projected to need, based on treated water 

demands and raw water projections at the baseline level, and is shown in Table 2-15. Raw water 

projections include raw water for the Valero refinery and operations raw water used for treatment 

processes at the WTP and surplus raw water supply that bypasses the treatment plant and is 

stored in Lake Herman for future emergency use.  The projected total raw water demands are 

expected to increase from approximately 10,863 AFY in 2010 to 11,940 AFY in 2035, an 

increase of over 1,077 AFY.  

 
TABLE 2-15 

BASELINE RAW WATER DEMANDS 

 

 Raw Water Demands (AFY) 

 2010 2015 2020 2025 2030 2035 

Treated Water 4,183 4,247 4,315 4,382 4,455 4,505 

Valero Raw Water 4,792 5,296 5,800 5,800 5,800 5,800 

Operations and Emergency Raw Water 441 441 441 441 441 441 

Unaccounted For Water 1,447 1,109 1,173 1,180 1,188 1,194 

Total Raw Water Demand 10,863 11,093 11,729 11,803 11,884 11,940 
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High, baseline, and low raw water demand projections were developed to examine the City's 

supply needs for water (Table 2-16 and Figure 2-4). These projections include both production 

demands and Valero's raw water demands. The high demand curve assumes industrial treated 

water use is twice that in baseline conditions, no significant savings from conservation programs 

occur, and the projected Valero raw water demand is 10 percent over baseline values shown in 

Table 2-13. The baseline case is the same as that in Table 2-14, assuming current levels of 

conservation and 100 percent planned buildout as phased; with Valero's raw water demand curve 

remaining relatively flat at levels extrapolated from historical use data.  

 

The low demand assumes that additional conservation activities cause a decrease from the 

baseline demands by ten percent and that buildout for treated water supply is 80 percent of 

baseline construction; which is equivalent to a total of 18 percent reduction in treated water 

demand, and a ten percent reduction in non-potable demands. 

 
TABLE 2-16 

TOTAL RAW WATER DEMAND FORECASTS 

 

 Annual Demand, AFY 

 2010 2015 2020 2025 2030 2035 

Baseline Scenario       

Treated Water Demand 4,183 4,247 4,315 4,382 4,455 4,505 

Valero Raw Water Demand 4,792 5,296 5,800 5,800 5,800 5,800 

Operations & Emergency Demand 441 441 441 441 441 441 

Unaccounted For Water 1,447 1,109 1,173 1,180 1,188 1,194 

Total Demand 10,863 11,093 11,729 11,803 11,884 11,940 

       

High Demand Scenario       

Treated Water Demand 4,272 4,337 4,407 4,475 4,550 4,601 

Valero Raw Water Demand 5,271 5,826 6,380 6,380 6,380 6,380 

Operations & Emergency Demand 441 441 441 441 441 441 

Unaccounted For Water 1,447 1,109 1,173 1,180 1,188 1,194 

Total Demand 11,431 11,713 12,401 12,476 12,559 12,616 

       

Low Demand Scenario       

Treated Water Demand 3,012 3,058 3,107 3,155 3,208 3,244 

Valero Raw Water Demand 4,313 4,766 5,220 5,220 5,220 5,220 

Operations & Emergency Demand 441 441 441 441 441 441 

Unaccounted For Water 1,302 998 1,056 1,062 1,069 1,075 

Total Demand 9,024 9,219 9,779 9,834 9,894 9,935 
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This section summarizes the current long-term water supply sources for the City, describes the 

availability of these sources through different hydrologic conditions, and summarizes ongoing 

efforts to ensure continued and reliable long-term water supplies for the City. 

 

EXISTING WATER SUPPLIES 

 

The City has contracts for water from the NBA through agreements with the SCWA [1] for SWP 

water and with the California DWR [2] for Settlement Water. The City also has contracts for 

water from the Solano Project through agreements with the City of Vallejo [3] and the SID [4]. 

In addition, local and other water supplies can be stored at Lake Herman reservoir, which has a 

current capacity of 1,390 AF based on a bathymetric survey performed by Clean Lakes in 2008. 

These contracted water supplies are summarized in Table 3-1.  

 
TABLE 3-1 

CONTRACTED WATER SUPPLY 

 

Source Contract Amount 

(AFY) 

State Water Project 16,075 

Settlement Water 10,500 

Vallejo Agreement 1,100 

SID Agreement 2,000 

Lake Herman 500
a
 

 30,175 
 

  a   Note: Water supply available from Lake Herman 

 is based on historical observation. 

 

Each of these water supplies is discussed in more detail in the following subsections. The City’s 

water supply system is illustrated in Figure 3-1 and a schematic representation is shown in 

Figure 3-2. 

 

State Water Project 

 

The City receives SWP water through an agreement with SCWA.  SCWA contracts with the 

DWR for the SWP water (called Table A water), and in turn contracts with cities in Solano 

County to provide this supply. The water supply for the SWP comes from Lake Oroville and 

water rights for flows in the Sacramento and San Joaquin River systems. The SWP contract runs 

to year 2035 and is renewable. DWR diverts water under an appropriative right that allows 

diversion of water that is not needed to meet in-Delta needs or outflow needs.  

 

The City’s current SWP contract amount is 17,200 AFY. In 1985, the Cities of Benicia, Fairfield, 

and Vallejo agreed to reduce their annual allotment in order to provide SWP water to the Cities 

of Rio Vista and Dixon. Although it is not known when or if, Rio Vista and Dixon will receive 

SWP water; the City’s SWP allotment should be reduced by 1,125 AF [1] to reflect this 

obligation. Therefore, the City’s SWP allotment is an adjusted supply of 16,075 AF. 
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Water Rights Settlement 

 

The City of Benicia, along with the Cities of Fairfield and Vacaville, asserted a priority right 

with the State of California for water from the Sacramento-San Joaquin Delta pursuant to the 

Watershed-of-Origin Statute.  The purpose of the statute, in part, is to reserve for the areas where 

water originates a right to such water for future needs that is preferential to the right of outside 

(export) areas.  DWR filed a protest on the cities’ applications with the State Water Resources 

Control Board (SWRCB).  Prior to the SWRCB hearing, DWR and the cities negotiated a 

comprehensive settlement that would provide water to the cities. The subsequent settlement and 

conveyance agreements define the basis on which water is made available to SCWA for use in 

the cities’ service areas and how the existing DWR facilities would be used to convey the water 

to the cities. 

 

DWR diverts water under an appropriative right that allows diversion of water that is not needed 

to meet in-Delta needs or outflow needs. In California, courts have held that appropriative water 

rights may be limited under the Public Trust Doctrine. 

 

The “Area of Origin” Water Rights Settlement with DWR provides the City with 10,500 AFY of 

water from the Sacramento River that is not SWP water.  Although it is non-Project water as 

defined by the settlement agreement, the source of the water is DWR’s appropriative right.   This 

is a permanent allocation of water supply based on Critical Dry Year. The amount of water was 

based on projected water needs to meet the City’s General Plan demands during a drought. The 

Settlement Agreement allows the City to apply in the future to the SWRCB for a Watershed of 

Origin appropriation higher than the Settlement Agreement amount if demands exceed those 

upon which the Agreement was based. The Settlement Agreement runs through 2035 and is 

renewable under the same terms as the SWP contract. 

 

Settlement Water is conveyed through the NBA when capacity is available and delivered to the 

City in the same manner as SWP water.  The City can preferentially use Settlement Water during 

the periods when it is available and capacity is available. The City typically uses its Settlement 

Water in the spring and fall when it is most often available. 

 

Settlement Water is restricted or not available when Standard Water Right Term 91 is in effect.  

Term 91 is declared by the SWRCB when it is determined that the SWP and U.S. Bureau of 

Reclamation’s Central Valley Project (CVP) are required to release stored water in excess of low 

natural flow to meet Sacramento Valley in-basin uses plus export demands. Natural flow is the 

flow that would have been in existence if the dams were not there. Term 91 is declared in the 

summer of all but very wet years. 

 

Settlement Water can be taken when the Delta is in excess conditions or when the Delta is in 

balanced conditions as long as Term 91 is not in effect. Balanced conditions in the Delta are 

defined as the periods when releases from upstream SWP and CVP reservoirs plus unregulated 

flow approximately equal the water supply needed to meet all Sacramento Valley in-basin uses 

plus export demands.  During balanced conditions, the SWP and CVP are releasing water from 

reservoir storage to meet their water delivery obligations.  
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Lake Herman 

 

Lake Herman is located in the hills between Benicia and Vallejo and has an approximate storage 

capacity of 1,400 AF.  The dam that created Lake Herman was constructed in 1905 and raised in 

1943 to its current height.  Lake Herman is part of the Sulphur Spring Creek watershed.  The 

average yield of its watershed is 500 AFY to 1,000 AFY, with no yield in dry years. The lake 

serves as terminal storage for excess supply delivered to the City through the NBA. 

 

Pumped raw water from the NBA or Putah South Canal is delivered to the City’s treatment 

facility at a diversion structure. Since the pump stations operate at a fixed speed, surplus flow not 

needed at the plant is diverted by gravity to Lake Herman through a 24-inch diameter pipeline.  

The City has the ability to pump water from Lake Herman back to the treatment facility through 

the Lake Herman Pump Station.  This is typically done during emergencies when supply from 

the NBA or Putah South Canal is not available. The pump station has a total pumping capacity of 

9.6 mgd. 

 

Vallejo Agreement (Solano Project Water) 

 

The City currently has an active water purchase agreement with the City of Vallejo. The 

agreement was executed in 1962 and has been amended twice. The second amendment extended 

the expiration date of the agreement to February 28, 2025.  It is assumed that this agreement will 

be renewed at its expiration.  

 

In the agreement, the City will purchase 1,100 AFY of Vallejo’s Solano Project water from Lake 

Berryessa. The agreement also provides that the City can receive up to 3 mgd of the water as 

treated water, in lieu of raw water, by means of an inter-connection between the Benicia and 

Vallejo treated water systems, which does not currently exist.  Currently the City can only 

receive raw water from Vallejo by means of the Cordelia Pump Station and Cordelia Pipeline.  In 

order to receive treated water, a new interconnection would be required.  The agreement provides 

that shortages (reductions) experienced by Vallejo may be passed on to Benicia. 

 

The City previously had a second agreement with Vallejo for purchase of 4,400 AFY from 

various sources. This agreement was seldom exercised and was terminated in 2004. 

 

Solano Irrigation District 

 

Solano Irrigation District (SID) is the holder of a contractual right to receive allotments from the 

Solano Project as a Participating Agency of the SCWA under the terms of a Participating 

Agency Contract providing for the delivery of and allotment of 141,000 AFY from the Solano 

Project to SID.  In March 2009, the City entered into a purchase agreement with the SID to 

provide 2,000 AFY.  Water will be provided through water deliveries from Lake Berryessa and 

the Putah South Canal of the Solano Project. There is no specified date of termination of the 

agreement as long as SID maintains the adequate water rights from SCWA, and payments to SID 

are met.  The agreement is subject to a reduction in supply based on drought conditions. 
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The SID water was purchased to improve drinking water quality when the water drawn from the 

Delta through the NBA is high in total organic carbon. This water source can be counted towards 

the total water available, but was not intended to increase availability for future growth. Any new 

water use of any significance would have to be analyzed in this context. 

 

RELIABILITY OF EXISTING WATER SUPPLY 
 

In California, actual amount of water delivered on a year-to-year basis is affected by various 

factors, including: 

• Precipitation 

• Reservoir levels 

• Environmental impacts 

• Court decisions 
 

State law requires that water agencies take these factors into consideration and forecast the 

reliability of water supplies for three specific hydrologic conditions: 

• Normal Year 

• Single Dry Year 

• Multiple Day Year 
 

The City’s recently adopted 2010 Urban Water Management Plan used reliability factors for 

State Water Project [5] and Solano Project [6] generated by the respective water supplier (DWR 

and SCWA).  Settlement Water will be provided whenever Term 91 Condition is not in effect.   

Historical observation indicates that Term 91 Condition is not in effect for at least 6 months per 

year during Single Dry Year and Multiple Dry Year Conditions [7]. 

 

Therefore, Benicia should expect Settlement Water availability as follows: 
 

26.6 cfs* X 1.98 AF/Day  X 30 Days  = 1,580 AF/Month 

         cfs     Month 

 

1,580 AF/Month   X   6 Months = 9,480/Year 

 

Percent Reliability =     9,480 AF = 90% 

   10,500 AF 
 

*Benicia’s share of NBA capacity at reduced flow rate of 130 cubic feet per second (cfs) [ 8]. 

 

Based on these provided and calculated reliability factors Benicia water supply for the three 

conditions is shown in Table 3-2. 
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TABLE 3-2 

ANNUAL WATER SUPPLY PER HYDROLOGIC CONDITION 

 

 

 

Source 

Contract 

Amount 

 (AFY) 

Normal Year Single Dry Year Multiple Dry Year 

 

Reliability 

 

Amount 

 

Reliability 

 

Amount 

 

Reliability 

 

Amount 

State Water Project 16,075 64% 10,288 46% 7,395 31% 4,983 

Settlement Water 10,500 100% 10,500 90% 9,450 90% 9,450 

Vallejo Agreement 1,100 99% 1,084 98% 1,078 89% 979 

SID Agreement 2,000 99% 1,980 98% 1,960 89% 1,780 

Lake Herman 500 100% 500 0 0 0 0 

 30,175  24,352  19,883  17,192 

 

Mojave Banking and Water Exchange 

 

The City, as member of the SCWA, is entitled to participate in a banking and water exchange 

program with the Mojave Water Agency (Mojave), another SWP contractor.  Mojave serves a 

portion of the high desert region north of the San Gabriel Mountains in Southern California.  It 

overlies a large groundwater basin that can meet nearly all of its demands in dry years. This 

allows Mojave to operate the basin conjunctively with surface water supplies from the SWP.  

Available surface water is stored in the groundwater basin. 

 

SCWA had an agreement with Mojave to exchange wet weather SWP water for dry year SWP 

water. Mojave and SCWA also have agreements with DWR to transport the exchange water 

through SWP facilities. According to the agreement, SCWA (or its members) can exchange two 

units of SWP water for a future return of one unit of SWP water to be provided at the Delta by 

Mojave. In wet years, the City would send SWP water to be “banked” or “stored” in Mojave’s 

groundwater basin. During dry years, the City can recover one-half of its stored water through 

the NBA from Mojave’s SWP allocation, while Mojave uses its groundwater to replace the SWP 

water that goes to the City. There is no physical transfer of water; the City’s volume of stored 

water is tracked in an account and deducted when the City takes Mojave’s SWP allocation 

through the NBA. There is no monetary cost for the Mojave Exchange water. 

 

The agreement with Mojave was terminated in 2007.  The City still has access to 2,000 AF of 

banked water. One thousand AF must be recovered by 2014, and the remaining 1,000 AF must 

be recovered by 2015 or Benicia loses the rights to the water. The Director of Public Works will 

ensure the water is utilized. 

 

Transfer or Exchange Opportunities 

 

Transmission facilities from the Delta via the NBA and Lake Berryessa via the Putah South 

Canal allow for a variety of short- or long-term water transfer or exchange options. Such 

transfers or exchanges might occur with other NBA members, other SWP entities, or Solano 

Project members.  These shared opportunities highlight the value of statewide and regional water 

management planning efforts.  Two specific options currently available to the City are:  
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• Storage Agreement for Solano Project Water – The City has a storage agreement with 

SCWA that provides an option to store up to 9,000 AF in Lake Berryessa for use as 

emergency supply. To exercise this agreement, Benicia must exchange a portion of its 

SWP water (Table A water) water for Solano Project water or purchase it from other 

members that have the capability to use either source. The other entity uses the NBA 

water and foregoes the use of the Solano Project water.  The City has not exercised this 

agreement to date since it specifies that the first Project water spilled (released over the 

dam), if the lake is full, is Benicia’s water whether the City needs it at the time or not.  

The City would only consider exercising this agreement if lake levels were low enough 

that it was not likely that the lake would spill. 

 

• Solano Project Drought Measures Agreement - The Solano Project contracting cities 

(Fairfield, Vacaville, Vallejo, and Suisun City) have an agreement with the two 

agricultural Solano Project contracting districts (SID and Maine Prairie Water District) to 

share water supplies during drought periods. Benicia is not a member of the Project, since 

the City relinquished its contractual rights to Solano Project water when SWP water was 

made available.  However, Project members may transfer water from the Solano Project 

to the City. The region has historically cooperated in this regard to collectively maintain 

the interdependent urban and agricultural economies of the region. 

 

The general types of transfers or exchanges that the City can continue to use, if needed, are 

summarized below: 

 

• Core Transfers make water available through multi-year contracts that convey a specific 

amount of water to the purchaser each year. The specific conditions depend on the 

agencies involved and contract terms.  Examples include the City’s 2009 agreement with 

SID and its 1962 agreement with the City of Vallejo. 

 

• Spot Transfers make water available for a limited duration (typically one-year or less) 

through a contract executed during the year of delivery.  Some examples of spot transfers 

are the State Drought Water Bank in the critically dry year of 1991, the State’s voluntary 

water purchase program in 2001, and Benicia’s previous short-term agreements with SID. 

 

• Option Transfers are multi-year contracts that allow the purchaser to obtain a specified 

quantity of water at some future date. They usually require a minimum payment for water 

even if the water is not needed in a given year. An option or “take” price is established in 

years water is drawn. 

 

• Storage Agreements allow one entity to lease or purchase storage in another entity’s 

surface or groundwater storage facility. An example is Benicia’s storage agreement for 

Solano Project water. 

 

• Water Exchanges are agreements that allow two agencies to exchange water from one 

source for water from another source, typically during the same year. Exchanges can also 

occur with the same source where one agency exchanges its right to take water at a given 
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time from the source with another agency, and then can take the water from the source at 

another time. Exchanges can also involve storage agreements. An example is Benicia’s 

participation in the Mojave Banking and Water Exchange. 

 

Groundwater 

 

Groundwater supplies are used by several municipalities in Solano County to supplement the 

surface water supplies. The addition of groundwater is particularly useful when the surface water 

is experiencing high turbidity due to storm water runoff or seasonal canal cleanings, or when the 

NBA diversions are restricted to protect Delta smelt or during droughts. Unfortunately, 

groundwater supplies are not readily available in the Benicia area. 

 

Recycled Water  

 

The City provides wastewater collection, treatment, and disposal services to customers within its 

service area. The City’s wastewater collection system consists of approximately 150 miles of 

pipelines and 24 lift stations. The majority of the collection system relies on gravity flow through 

the pipelines. Due to terrain restrictions, it also relies on 24 pump stations to transport the 

collected wastewater from low points to suitable locations for continued transmission by gravity. 

 

The City operates and maintains a 4.5-mgd wastewater treatment plant (WWTP) facility located 

on seven acres of land at the south end of East 5th Street. The WWTP provides secondary 

treatment to domestic, commercial, and industrial wastewater. The facility receives flows from 

two main service areas: the predominantly residential area located west of the plant and the 

predominantly industrial area located east of the plant. Average dry weather effluent flow from 

the WWTP in 2010 was 2.1 mgd and is projected to increase to 2.7 mgd at buildout. Treated 

wastewater or effluent is discharged into the Carquinez Strait of the San Francisco Bay via a 

deep water outfall. 

 

The City and Valero’s Benicia Refinery completed a preliminary design report to upgrade the 

WWTP to tertiary treatment allowing for non-restricted recycled water reuse of effluent. The 

refinery has consumed an average of 4.2 mgd of raw water over the past 10 years; therefore any 

use of recycled water by the refinery would free-up raw water for use by the City. 

 

The initial concept for upgrading to tertiary treatment was to provide up to 2 mgd of recycled 

water for use by the refinery as cooling tower make-up water.  The tertiary project would require 

granular media filtration and chlorine disinfection of secondary effluent to meet Title 22 

regulations.  For use as cooling tower makeup water use at the refinery, additional treatment is 

required to prevent scaling, control corrosion, and provide comparable water quality for use 

within six cycles of concentration. Ammonia and Phosphorus removal were also considered 

necessary to prohibit corrosion and scaling within the refinery facilities.  All of these treatment 

considerations added up to a tertiary plant of prohibitive costs. While the Benicia Refinery may 

be willing to pay a premium for a firm, uninterrupted, drought-proof supply of cooling tower 

water, the estimated recycled water costs far outweighed the current raw water unit prices. At the 

direction of the City Council, this project has been put on hold. 
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Water Shortage and Drought Contingency Plans 

 

Water Shortage and Drought Contingency Plans have been developed by Benicia and other water 

supply agencies. The plans identify water conservation measures which have already been 

implemented, as well as emergency water conservation plans to be implemented if necessary. 

The plans also identify "trigger" mechanisms to implement emergency actions. The plans 

developed by Benicia and SCWA include water conservation ordinances, development of public 

awareness programs, and evaluations of future water conservation programs including a detailed 

analysis of reclaimed water opportunities with Valero, the City's largest raw water user. 

 

SCWA also established a Solano Drought Pool in 1991, in addition to implementing the water 

conservation programs. The Pool provided a mechanism for willing agricultural water users to 

reduce surface water diversions and sell water to municipalities served by SCWA. The purchased 

water can be used immediately or stored as carryover storage in Lake Berryessa. The SCWA also 

provided the mechanism for member agencies to participate in the State Drought Water Bank or 

to enter into temporary water transfers. 

 

Other alternatives for conserving water are addressed in Section 7 – Sustainability. 

 

POTENTIAL FUTURE WATER SUPPLY AND STORAGE OPPORTUNITIES 
 

The following projects are being developed through the Solano Water Authority (SWA).  The 

SWA is a joint powers authority made up of eleven Solano County agencies, including the seven 

cities, three agricultural districts, and the County.  The SWA, through the Joint Exercise of 

Powers Agreement, provides a mechanism whereby the agencies may participate in jointly 

funded water projects for their mutual benefit. 

 

• Noonan Reservoir - This proposed project would construct a joint use water storage 

reservoir benefitting municipal interests in Solano County and SID.  The reservoir would 

be located on the southerly side of the Putah South Canal between Fairfield and 

Vacaville.  The reservoir would provide the capability of commingling and storing both 

NBA and Solano Project water supplies.  The project would also provide the flexibility 

for public agencies within Solano County (Benicia is a participant) to enter into water 

transfer agreements that could exchange NBA water for Solano Project water.   

 

• Highline Canal - Considered an initial stage of the Noonan Reservoir project, although 

also a standalone project, the Highline Canal project would allow project participants to 

exchange NBA water for Solano Project (Lake Berryessa) water, presently used in SID's 

Dally service area (east of Peabody Road ).  The proposed project includes a pump 

station on the NBA and a pipeline from the pump station to the head of SID's Dally 

Highline Canal.  The benefits of the project for the City are related to both water quality 

improvement and water supply.  With the project, the City will be able to deliver NBA 

water to SID at times during SID's irrigation season.  In exchange, SID would provide the 

City with Solano Project water that would be used at other times of the year when either 

the NBA is shut down due to maintenance or because of environmental constraints.  

SCWA’s Integrated Regional Water Management Plan (IRWMP), with the City as a 
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participant, includes a high priority action to work with DWR and other agencies to 

explore water supply and storage opportunities that could increase the reliability of 

Solano County’s water supplies.  Storing water in wet years for later use in drier years 

would help Solano water agencies maintain reliable water supplies. Storage could be in 

the form of groundwater banking (groundwater storage) or surface water storage. The 

City participates in these regional planning efforts through the SCWA. 

 

The SCWA IRWMP includes a high priority item to identify opportunities for conjunctive 

groundwater use as a means of increasing water supply and reliability. Conjunctive use projects 

integrate the use of groundwater and surface water. The surface water provides supplies to local 

users and recharges the groundwater basin in normal or wet years. Groundwater in storage then 

provides supply during drier years when surface supplies are reduced. Agencies within the 

County with good groundwater resources would use groundwater during dry years, which would 

free up more surface water for those agencies that have poor quality groundwater, such as the 

City of Benicia. 

 

SCWA’s IRWMP also identifies new surface water storage within Solano County as a potential 

long-term option to help meet future demands by storing water during normal-to-wet years when 

water is available so that the stored water would be available during drier years when other 

supplies, such as the SWP, are reduced.  Additional evaluations are needed to determine whether 

such facilities are feasible.  For example, the idea of using Delta Islands as surface storage sites 

has been discussed; however, there are major issues with respect to levee stability/vulnerability 

and seepage.  This potential supply option would be investigated as part of the regional water 

management planning efforts that include the City as an active participant. 

 

City of Vallejo Inter-tie  

 

The City has an agreement in place to receive water from the City of Vallejo.  According to 

Amendment 2 of the Agreement, Vallejo’s obligation to provide water extends through February 

2025 (See Appendix A-4). The Agreement includes up to 3 mgd of treated water in lieu of raw 

water. Currently, Vallejo has more than adequate capacity in the Fleming Hill Water Treatment 

Plant because capacity requirements have been reduced due to closing of the Mare Island Ship 

Yard.  

 

Although an agreement to deliver treated water is in place, there is no connecting pipeline to 

deliver the treated water to Benicia. Because there currently are adequate treatment facilities and 

raw water supplies, the City of Benicia has not pursued discussions with Vallejo to plan for the 

inter-tie connection. No feasibility studies have been prepared for this project and any plans for 

the treated water inter-tie are at least ten years in the future. 

 

In very preliminary discussions among City of Benicia staff, a possible alignment for the future 

inter-tie would be from Benicia Road at Columbus Parkway, crossing at some point under I-780, 

running parallel to I-780 along the frontage road, and tying into the loop at West K Street and 

Military West. 
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Jameson Canyon 

 

Benicia considered pursuing planning studies with Vallejo to construct a reservoir in Jameson 

Canyon. This potential reservoir could provide off-stream storage. Conveyance facilities that 

could be used to transport water in both directions could be considered as part of the project. 

However, due to the high cost of the facility, this effort was abandoned. In the spring of 2012, 

the City of American Canyon solicited proposals to prepare a feasibility study for the 

construction of the Jameson Reservoir. 

 

Alternative Intake Project 

 

Although not an additional source of water, DWR proposes to construct and operate an 

alternative intake on the Sacramento River, upstream of the Sacramento Regional Wastewater 

Treatment Plant. The intent of this project is to improve water quality and to provide more 

reliable deliveries of the State Water Project supplies to SCWA and the Napa County Flood 

Control and Water Conservation District. 

 

The new intake will connect to the existing NBA system by a new transmission main.  The 

proposed alternative intake would be operated in conjunction with the existing NBA intake at 

Barker Slough. This change will affect treatment operations at the WTP, hopefully making 

treatment less of a challenge, specifically with regard to total organic carbon (TOC).  

 

SUMMARY 

 

Based on this review of Benicia’s contracted water supplies, supply reliabilities, and water 

demands, the City has confirmed water supplies to meet its demands. However, Benicia is at the 

end of long conveyance facilities subject to negative impacts caused by regulatory, judicial, and 

equipment disruptions. For instance, in order to protect the Longfin Smelt, flow in the NBA is 

reduced from 130 cubic feet per second (cfs) to 50 cfs. Therefore, Benicia is aggressively 

pursuing methods to ensure reliable long and short-term water supplies. Past efforts include a 

Settlement Water Agreement with DWR for “Area of Origin” water, extension of water supply 

agreement with Vallejo and a new water agreement with SID. Future efforts will consider 

methods to maximize the use of Settlement Water to provide increased reliability. 
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The City's existing water system consists of raw water supply and transmission, treatment, 

storage and distribution facilities. Each of the existing system components is described in this 

section. The water treatment facilities are discussed in greater detail in Section 6. 

 

WATER DISTRIBUTION SYSTEM 

 

The water distribution system delivers potable water to the residential, business, and industrial 

land uses within the existing City limits. The distribution system facilities consist of pipelines, 

pump stations, pressure reducing valves, and storage reservoirs. Figure 4-1 is a schematic of the 

existing water distribution system facilities. 

 

Pressure Zones 

 

The existing distribution system is separated into three main pressure (or service) zones: Zone I, 

Zone II, and Zone III. Figure 4-2 is a schematic representation of the approximate boundary for 

each individual pressure zone. Zone I includes primarily commercial and industrial land uses 

along the eastern sector of the City, as well as the Arsenal area, and residential land uses south of 

Military Avenue. Zone II is primarily the western residential area located between Interstate 780 

(I-780) and Military Avenue including the residential area between the Valero Refinery property 

and I-780. Zone III includes primarily residential development north of I-780 and west of 2
nd

 

Avenue. There are seven intermediate pressure zones served by Zone III, which rely on pressure 

reducing valve stations for pressure and flow requirements. Table 4-1 is a summary of the 

corresponding service elevations for each pressure zone. Figure 4-2 is a schematic representation 

of the pressure zone boundaries. 

 
TABLE 4-1 

EXISTING WATER DISTRIBUTION SYSTEM PRESSURE ZONES 

 

Pressure 

Zone 

Maximum 

Water 

Surface 

Elevation 

(ft) 

Minimum 

Service 

Elevation 

(ft) 

Maximum 

Service 

Elevation 

(ft) 

Minimum 

Static 

Pressure 

(psi) 

Maximum 

Static 

Pressure 

(psi) 

I 234 14 110 54 95 

II 314 110 215 43 88 

III
a 

580 215 475 45 158 
 

a
 Seven isolated pressure zones are served from Zone III through pressure reducing valve stations. 

 

In Zone I, ground elevations vary from 14 to approximately 110 feet, which result in a wide 

range of pressures (between 54 and 95 psi) within Zone I. Water is provided to Zone I from the 

Zone I water storage reservoir (also referred to as the clearwell), the chlorine contact tank (CCT), 

and the R-1 Reservoir. The clearwell and the CCT are both located at the water treatment plant 

(WTP). 

 

Zone II includes the area north of I-780 between Drolette Way and Casa Grande Street and 

portions of the old downtown area. Zone II is supplied by water from the P-1 Pump Station. The 

R-2 Reservoir water levels are maintained by the WTP operator via SCADA through the 
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manual operation of the P-1 Pump Station. The predominant land uses in Zone II are residential 

and parks, with some light commercial. 

 

Zone III primarily includes the Southampton development and areas to the north of I-780. Water 

is delivered to Zone III from either the P-2 Pump Station (Zone II) or the P-3 Pump Station 

(Zone I). These pump stations fill the R-3A and R-3B Reservoirs. The R-3A and R-3B 

Reservoirs operate in parallel and the water levels are maintained by the WTP operator via 

SCADA, through the manual operation of the P-2 Pump Station or the P-3 Pump Station. The 

land uses in Zone III are primarily residential. 

 

Storage Reservoirs 

 

Storage reservoirs are located in each of the main pressure zones to provide water during peak 

demand periods and to provide fire and emergency storage capacity. There are currently six 

water storage reservoirs in the distribution system, with a total capacity of 12.8 million gallons. 

The reservoirs range in size from 1.0 to 3.0 million gallons. Three of the reservoirs are pre-

stressed concrete tanks and the other three reservoirs are welded steel tanks. Table 4-2 is a 

summary of the pertinent data for the existing reservoirs. 

 
TABLE 4-2 

EXISTING WATER DISTRIBUTION SYSTEM STORAGE FACILITIES 

 

Pressure 

Zone 
Name 

Storage 

Capacity 

(MG) 

Base 

Elevation 

(ft) 

Overflow 

Elevation 

(ft) 

Tank 

Height 

(psi) 

Tank 

Diameter 

(ft) 

Tank 

Construction 

I 
Chlorine Contact 

Tank  1.0 215 233 20 103 Steel 

I Clearwell 3.0 215 232 20 163 Pre-stressed Concrete 

I R-1 Reservoir 3.0 193 214 25.5 160 Steel 

II R-2 Reservoir 1.8 280 315 42   95 Steel 

III R-3A Reservoir 1.0 563 583 20   92 Pre-stressed Concrete 

III R-3B Reservoir 3.0 563 583 20 160 Pre-stressed Concrete 

 Total Capacity 12.8      

 

The R-1 Reservoir, located in Zone I, was constructed with a maximum water surface elevation 

approximately 14 feet lower than the primary Zone I tanks (clearwell and chlorine contact tank). 

The R-1 Reservoir is filled with water from the primary Zone I tanks. A motorized valve (V-100) 

on the inlet pipeline of the R-1 Reservoir controls when the tank is filled. The motorized valve 

was designed to automatically operate on the R-1 Reservoir levels; however that control strategy 

does not align well with the operation of the clearwell. Currently, the motorized valve (V-100) is 

opened when the operator needs to lower levels in the clearwell or when the P-1 Pump Station is 

on-line pumping water from the R-1 Reservoir to Zone II and the operator needs to fill the R-1 

Reservoir. This motorized valve (V-100) is operated between 3-4 times a day and has become a 

strategic tool in minimizing water age within the R-1 Reservoir. 

 

During normal operation and typical Zone I demands, the R-1 Reservoir is not a factor 

operationally for Zone I as it rarely draws down through its check valve. The check valve will 
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only open on extreme conditions (i.e. main breaks) that cause pressure differential in the system. 

During normal operating conditions, the R-1 Reservoir is essentially a wetwell for the P-1 Pump 

Station to serve demands in Zone II and fill the R-2 Reservoir. 

 

The R-2 Reservoir for Zone II is filled with water from the P-1 Pump Station (located north of 

the Corporation Yard) which gets its water from the R-1 Reservoir. The R-2 Reservoir water 

levels are maintained by pump controllers set at “start-stop” designated levels using SCADA. 

When the R-2 Reservoir is out of service or cannot provide adequate level of service to Zone II, 

a pressure reducing valve station connecting Zone II to Zone III can be activated manually to 

serve the water needs of Zone II. 
 

The R-3A and R3B Reservoirs for Zone III typically receive water from the P-2 Pump Station 

(located across from the Corporation Yard) conveyed from the Zone II R-2 Reservoir. For 

redundancy and in emergency conditions when the P-2 Pump Station cannot keep the R-3A and 

R-3B Reservoirs filled, the P-3 Pump Station (located at the intersection of Rose Drive and East 

2
nd

 Street) is energized to lift water from Zone I directly into Zone III. 
 

Pump Stations 
 

Water is delivered to Pressure Zones II and III by three pump stations. The P-1 Pump Station 

located north of the City's Corporation Yard, delivers water to Zone II from Zone I. The P-2 

Pump Station located across from the Corporation Yard approximately 1,200 feet west of East 

2nd Street and north of Tenny's Drive conveys water from Zone II to Zone III. Similarly, the P-3 

Pump Station located at the corner of Rose Drive and East 2
nd

 Street delivers water directly from 

Zone I to Zone III. 
 

The P-1 Pump Station has a stationary emergency generator, manual transfer switch, and load 

bank. A stationary emergency generator and manual transfer switch is being considered for the 

P-3 Pump Station as part of the Renewal Energy Project 2012. 

 

Table 4-3 is a summary of the existing pump station pertinent data. 

 

Pressure Reducing Valve Stations 

 

Because of the variance in ground elevation within Zone III, several pressure reducing valve 

stations are located to provide an adequate level of service. In addition, in 1996 the City installed 

an additional pressure reducing valve station to supply all of Zone II from Zone III when the 

Zone II R-2 Reservoir is out of service. All pressure reducing valve stations are equipped with 

ClaVal control valves. Each valve station reduces pressure from the Zone III pressure zone to 

serve intermediate pressures in isolated water main systems at lower elevations. All connections 

in Zone III are required to have individual pressure regulators at their shut-off valve in the event 

that high system pressures are observed or existing valve stations fail creating dangerous 

pressure conditions in the system. 
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TABLE 4-3 

EXISTING WATER DISTRIBUTION SYSTEM PUMP STATION FACILITIES 

 

Pump 

Station Zone Lift 

No. 

of 

Pumps 

Pump 

No. 

Year 

Installed 

Pump 

Type 

Motor 

Horsepower 

(HP) 

Rated 

Capacity 

(gpm) 

Discharge 

Head 

(ft) 

Pump 

Manufacturer 

P-1 
Zone I to 

Zone II 3 101 2007 
Horizontal 

Centrifugal 100 2,200 127.5 Floway 

   102 2007 
Horizontal 

Centrifugal 100 2,200 127.5 Floway 

   103 2007 
Horizontal 

Centrifugal 100 2,200 127.5 Floway 

P-2 
Zone II to 

Zone III 4 201 2004 
Horizontal 

Centrifugal 125 1,000 350 PACO 

   202 2004 
Horizontal 

Centrifugal 125 1,000 350 PACO 

   203 2002 
Horizontal 

Centrifugal 125 1,000 350 PACO 

   204 2002 
Horizontal 

Centrifugal 125 1,000 350 PACO 

P-3 
Zone I to 

Zone III 3 301 2007 
Vertical 

Turbine 125 950 403 Floway 

   302 2007 
Vertical 

Turbine 125 950 403 Floway 

   303 2007 
Vertical 

Turbine 125 950 403 Floway 

 

At each valve station, daily normal demand is provided through a 2-inch or 3-inch valve. When 

system pressures drop whether caused by high consumption (use) from irrigation demand or fire 

flow, the 6-inch or 8-inch valve will open to allow full flows into the sub-zone. When pressures 

return to normal within the sub-zone, the 6-inch or 8-inch valve will automatically close and the 

2-inch or 3-inch normal daily demand valve will open fully to allow daily demand.  

 

Table 4-4 is a summary of the existing pressure reducing valve station pertinent data. 

 
TABLE 4-4 

EXISTING WATER DISTRIBUTION SYSTEM PRESSURE REDUCING VALVE STATIONS 

 

Valve 

State Location 
Zone Served 

Approximate 

Elevation 

(ft) 

Valve Station 

Configuration 

Approximate 

Outlet 

Pressure 

(psi) 

West 7
th

 Street and Lori Drive 3-A 125 8-inch x 3-inch 95 

Blake Court and Rose Drive 3-B 220 6-inch x 2-inch 100 

London Circle 3-C 100 6-inch x 2-inch 75 

Club Pacifica 3-D 150 6-inch x 2-inch 75 

Devonshire Drive 3-E 135 6-inch x 2-inch 75 

Cambridge Drive at Rose Drive 3-F 80 6-inch x 2-inch 170 

Grove Circle 3-G 160 6-inch x 2-inch 75 

Tennys Drive at East 2
nd

 Street 2-A 200 8-inch x 4-inch 75 
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Distribution System Pipelines 

 

The water distribution system pipelines range in diameter from 4-inch to 30-inch. Most of the 

larger pipelines are steel; the majority of the pipelines 12-inch in diameter or less are constructed 

of ductile iron pipe. 

 

The current City Design Standards require a minimum pipe size of 8-inch for all water mains 

with the installation of 6-inch water mains permitted only beyond the last fire hydrant. Similarly, 

the current standards specify a pipe material of ductile iron class 50 with corrosion protection in 

areas designated by the City Engineer. 

 

RAW WATER TRANSMISSION SYSTEM 

 

Raw water is delivered to the City via the raw water transmission system, which is comprised of 

two pump stations and approximately 75,000 feet of 24-, 30-, and 36-inch diameter pipelines. 

Figure 4-3 is a schematic representation of the raw water transmission system for the City of 

Benicia. 

 

The primary raw water source for the City is surface water from the State Water Project (SWP). 

The Barker Slough Pumping Plant diverts water from Barker Slough, on the Sacramento-San 

Joaquin River Delta, to the North Bay Aqueduct (NBA). The NBA then transfers this raw water 

to the Cordelia Forebay. From the Cordelia Forebay, the NBA Pump Station transmits raw water 

through a 30-inch transmission line to the 36” Raw Water Transmission Line (RWTL). The 

NBA Cordelia Pumping Plant consists of three pumps, two rated at 13.0 cfs (8.4 mgd) and one 

rated at 6.0 cfs (3.9 mgd). The total pumping capacity at the pump station is 32.0 cfs (20.7 mgd). 

The Barker Sough Pumping Plant and the NBA Cordelia Pumping Plant are operated by the 

Department of Water Resources. 

 

The City owns and operates an emergency/supplemental supply pump station, referred to as the 

Cordelia Pump Station, to convey raw water from the Putah South Canal Terminal Reservoir. 

The Cordelia Pump Station consists of four pumps, each rated at 7.1 cfs (4.6 mgd). The total 

capacity at this station is 28.5 cfs (18.4 mgd). The station is operated manually by City staff 

when necessary. The Cordelia Pump Station is generally operated if NBA water is unavailable or 

the water quality is poor, usually between January and May. 

 

Water conveyed from either source (NBA Cordelia Pumping Plant or Cordelia Pump Station) is 

delivered to a diversion structure located at the water treatment plant. Flows in excess of the 

daily demand at the plant are diverted by gravity to Lake Herman through a 24-inch/30-inch 

pipeline. Raw water is also provided to the Valero Refinery through a 20-inch pipeline. The City 

has the ability to convey raw water from Lake Herman to the water treatment plant for treatment 

through the City owned and operated Lake Herman Pump Station. This pump station consists of 

three pumps rated at 8.0 cfs (5.2 mgd). The total pumping capacity at the Lake Herman Pump 

Station is approximately 24.0 cfs (15.6 mgd). 
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WATER TREATMENT PLANT  

 

The existing City water treatment plant was constructed in 1971. The plant was originally 

designed for a capacity of 6 mgd. In 1989, the plant was expanded to 12 mgd. At that time, the 

plant was designed to accommodate two additional expansions of 6 mgd for a total plant capacity 

of 24 mgd. Treatment process units were added in 2006 to improve performance and reliability, 

but the rated capacity of the plant was unchanged.  The major plant facilities include: 

 

• Inlet diversion structure 

• Flash mix structure 

• Two upflow clarifiers 

• Two flocculation/sedimentation basins (4 mgd and 8 mgd) 

• Six dual-media filters 

• Chemical handling building with laboratory facilities 

• Filter control center with complete instrumentation and automatic filter control systems 

• Chemical storage facility 

• A 250 kW standby generator with 1500-gal diesel tank 

• Chlorine gas disinfection system 

• Clearwell 

• Chlorine contact tank (CCT) 

• Backwash tank and backwash pumps 

• Washwater holding basin 

• Washwater recovery pump station 

• PLC-based Supervisory Control and Data Acquisition (SCADA) system 

• Six sludge drying lagoons 

 

Improvement projects at the water treatment plant were completed in 2006 and 2009. They were 

implemented to satisfy new and anticipated drinking water regulations; upgrade or replace 

equipment or facilities that have reached their useful life; and /or to provide redundancy and 

reliability in the water system.  

 

OPERATIONS 

 

The City operates a conventional surface WTP to meet system demand.  

 

The water distribution system is primarily a gravity operation. Water flows by gravity from the 

clearwell at the water treatment plant to the Zone I and the R-1 Reservoir. Water is pumped from 

Zone I to Zone II to Zone III. The pump stations are operated based on the water level in each 

zone reservoir, system demand, and the pump stations are manually operated by the operators to 

reduce water age in each reservoir. 
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Section 5 includes the results of the evaluation and analysis of the water distribution system. 
Included is a summary of the treated water storage and pumping capacity evaluation, a 
description of development and calibration of the hydraulic model, a summary of the results 
from the hydraulic evaluation, and a discussion of the recommended projects to mitigate existing 
and future deficiencies in the distribution system. This section also includes a summary of the 
raw water transmission system and a discussion of Firm Capacity. 
 

EXISTING AND PROJECTED MAXIMUM DAY DEMANDS 

 
The storage and pumping analysis and the hydraulic evaluation utilizing the hydraulic model are 
based, in part, on existing and projected maximum day demands from each pressure zone. The 
total existing average day demands and projected water demands for the City, as presented in 
Section 2, are as follows: 
 

• Existing Average Day Demand – 3.73 mgd 

• Projected Average Day Demand – 4.02 mgd 
 
The maximum day demand is estimated using a peaking factor of 1.5 applied to the average day 
demand. Therefore, the existing and projected maximum day demands are as follows: 
 

• Existing Maximum Day Demand – 5.60 mgd 

• Projected Maximum Day Demand – 6.03 mgd 
 
Table 5-1 is a summary of the existing and projected buildout average day and maximum day 
demands separated by pressure zones. 
 

TABLE 5-1 

EXISTING AND BUILDOUT WATER DEMANDS BY PRESSURE ZONE 

 

Pressure 

Zone 

Existing Conditions  Buildout Conditions 

Average Day 

Water 

Demand 

(mgd) 

Maximum Day 

Water 

Demand 

(mgd) 

 Average Day 

Water 

Demand 

(mgd) 

Maximum Day 

Water 

Demand 

(mgd) 

Zone I 1.45 2.18  1.56 2.34 

Zone II 0.48 0.72  0.52 0.78 

Zone III 1.80 2.70  1.94 2.91 

Totals 3.73 5.60  4.02 6.03 

 
Table 5-1 includes projected average day and maximum day demands for one new development 
slated to occur at buildout (Seeno Property). The Seeno Property, located south and east of the 
water treatment plant north of East 2nd Street, will include approximately 535 acres of general 
commercial and limited industrial land uses. This future development is located at elevations that 
require separate pumping, piping, and storage facilities. For planning purposes, this master plan 
update assumes that the Seeno Property development will be served from Zone I, since this 
appears to be the most efficient and cost-effective alternative. 
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STORAGE CAPACITY ANALYSIS 

 
Water storage capacity requirements were developed and evaluated for each existing and future 
pressure zone. Storage capacity requirements include: 
 

• Operational storage 

• Fire flow storage 

• Emergency storage 
 

Operational Storage 

 

Operational storage volume is the amount of storage capacity in a system to absorb fluctuations 
in demand compared to supply. With operational storage, system pressures are improved and 
stabilized to better serve customers throughout the service area. In the absence of appropriate 
above-ground storage, the source of supply provides peak hour demands. 
 
Operational storage capacity is assumed to be 25 percent of the maximum day demand in 
accordance with AWWA guidelines. 
 

Fire Flow Storage 

 

Fire flow storage volume is provided for firefighting purposes to allow gravity flow in the event 
the source flow is interrupted. Fire flow storage volumes vary and are normally based on the 
requirements of the local Fire Marshall and the Insurance Services Office (ISO) requirements. 
The Benicia Fire Department uses the Uniform Fire Code Appendix III (Table III-A) and NPFA 
Handbook, 19th Edition, Section 5, Table 5-2 to assess individual building fire flow requirements 
in conjunction with accepted industry practices. Table 5-2 is a summary of the minimum fire 
flow requirements confirmed by the Benicia Fire Department for the selected land use categories. 
 

TABLE 5-2 

FIRE FLOW REQUIREMENTS 

 

Land Use Category 
Fire Flow 

(gpm) 

Duration 

(hrs) 

Single Family Residential 1,500 2 

Multiple Family Residential 2,500 2 

Schools 2,500 2 

Business and Small Commercial 3,500 3 

Industrial and Large Commercial 3,500 – 5,000 4 
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Application of these fire flow criteria varies within each pressure zone. As indicated in Table 5-
2, fire flows range from 3,500 to 5,000 gpm for the industrial and large commercial land use 
classifications. A 5,000 gpm fire flow is required in the commercial/industrial area on the 
northeast side of Zone I and the area east of East 7th Street. All other commercial/industrial areas 
of Zone I are evaluated at a fire flow of 3,500 gpm. Zone II and Zone III have a maximum fire 
flow requirement of 2,500 gpm due to the schools and multi-family land uses within these 
pressure zones. Fire flow requirement within the residential areas of all zones is approximately  
1,500 gpm. 
 
Based on the discussion above and Table 5-2, the maximum fire flow requirements are: 
 

• In Zone I: 5,000 gpm for 4 hours (1.3 million gallons) 

• In Zone II: 2,500 gpm for 2 hours (0.3 million gallons) 

• In Zone III: 2,500 gpm for 2 hours (0.3 million gallons) 
 

Emergency Storage 

 

Emergency storage is the storage volume available to meet demands during emergency situations 
such as pipeline failures, major trunk main failures, pump failures, electrical power outages, or 
natural disasters. The volume of water allocated for emergency uses is determined by the 
historical record of emergencies experienced and the amount of time which is expected to lapse 
before the emergency can be corrected. The amount of emergency storage included within a 
particular water distribution system is an owner option, based on an assessment of risk and the 
desired degree of system dependability. In California, emergency storage volumes vary by 
agency. It is not uncommon for emergency storage volumes to range from 25 percent of the 
average day demand to over 100 percent of maximum day demand. The lower emergency 
storage volume range is typical in systems with: 
 

• Single pressure zones 

• Adequate and reliable (including emergency power) water supply sources that could be 
utilized in an emergency 

• Redundant pumping facilities when several pressure zones exist 

• More than one transmission system source 
 
If some, or all, of the criteria listed above do not apply, then it is appropriate to use the higher 
emergency storage volume range. 
 
The City has storage capacity in each pressure zone. In addition, there is  gravity flow into Zone 
I, one pump station (P-1 Pump Station) that can deliver water to Zone II, and two pump stations 
(P-2 Pump Station and P-3 Pump Station) that can deliver water to Zone III. Due to this pumping 
arrangement and storage capacity, it is recommended that emergency storage criteria be 
established at 50 percent of maximum day demand for each pressure zone. 
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Storage Requirements 

 

Table 5-3 is a summary of the total storage requirements based on the existing demand by 
pressure zone. Table 5-4 is a summary of the total storage requirements based on the projected 
demand at buildout by pressure zone. 
 

TABLE 5-3 

EXISTING STORAGE REQUIREMENTS BY PRESSURE ZONE 

 

Pressure 

Zone 

Existing 

Max Day 

Demand 

(mgd) 

Available 

Storage 

(MG) 

Storage Requirements 
Additional 

Storage 

(MG) 

Operational 

(MG) 

Fire Flow 

(MG) 

Emergency 

(MG) 

Total 

(MG) 

Zone I 2.18 7.00 0.55 1.30 1.09 2.94 -4.07 

Zone II 0.72 1.80 0.18 0.30 0.36 0.84 -0.96 

Zone III 2.70 4.00 0.68 0.30 1.35 2.33 -1.68 

Totals 5.60 12.80 1.40 1.90 2.80 6.10 -6.70 

 

 
TABLE 5-4 

BUILDOUT STORAGE REQUIREMENTS BY PRESSURE ZONE 

 

Pressure 

Zone 

Existing 

Max Day 

Demand 

(mgd) 

Available 

Storage 

(MG) 

Storage Requirements 
Additional 

Storage 

(MG) 

Operational 

(MG) 

Fire Flow 

(MG) 

Emergency 

(MG) 

Total 

(MG) 

Zone I 2.34 7.00 0.59 1.30 1.17 3.06 -3.95 

Zone II 0.78 1.80 0.20 0.30 0.39 0.89 -0.92 

Zone III 2.91 4.00 0.73 0.30 1.46 2.48 -1.52 

Totals 6.03 12.80 1.51 1.90 3.02 6.42 -6.38 

 

The storage requirements are compared to existing storage capacity in each pressure zone to 
determine deficiencies. 
 
Each of the existing pressure zones has a surplus of storage capacity under existing demand 
conditions, and no additional storage capacity is necessary. However, this analysis is based on 
assuming the storage capacity of the R-1 Reservoir is used for operational, emergency, and fire 
flow conditions in Zone I. Due to the lower base elevation of this tank much of this storage 
capacity is more serviceable for Zone II than for Zone I. The R-1 Reservoir is located at a 
hydraulic grade line much lower than the Zone I reservoirs (clearwell and chlorine contact tank), 
and thus, it is not a necessary component in the operation of Zone I. However, the R-1 Reservoir 
does provide a fairly large amount of fire and emergency storage to Zone II and partially to 

Zone I. 
 
If the R-1 Reservoir capacity (3.0 MG) is taken out of service, the analysis concludes that the 
existing storage is adequate. This conclusion is still valid at buildout conditions where the 
additional storage required remains negative. In other words, there is a surplus of storage.  
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At existing demands, Zone II has surplus storage of approximately 1.0 million gallons. Zone II is 
the smallest of the pressure zones and will not require the total storage volume allocated in the 
R-2 Reservoir. This additional capacity can be utilized for Zone I in an emergency; it also 
provides increased reliability and flexibility for pumping from Zone II to Zone III at the P-2 
Pump Station. 
 
Zones I, II, and III have a surplus of storage capacity even at buildout. 
 
The future proposed development (Seeno Property) will require a separate pressure zone with 
specific pumping, piping, and storage facilities. The storage capacity for new developments 
should be reviewed and approved by the City at the time of development. 

 

PUMPING CAPACITY ANALYSIS 

 

Three pump stations deliver water to Zones II and III from Zone I. Each of the pumping stations 
was evaluated to determine if the existing capacity is sufficient to deliver maximum day 
demands to the upper pressure zones under existing and buildout demands.  
 

Evaluation Criteria 

 

Pump stations are normally sized to deliver maximum day demands to the pressure zone they 
serve. Peak hour demands are met by storage capacity in the pressure zone. Since all pressure 
zones in the City’s water distribution system have adequate storage capacity, the pump stations 
should be sized to deliver maximum day demand. In the case of P-1 Pump Station, it must be 
sized to pump maximum day demand for Zone II as well as transfer a portion of the Zone III 
maximum day demand. Zone III maximum day demand must be delivered by a combination of 
the P-2 Pump Station (from Zone II) and the P-3 Pump Station P-3 (from Zone I). 
 
Each pump station should consist of at least two duty pumps and one standby pump with the 
same capacity as the largest pump. The total capacity of the duty pumps is referred to as the firm 
capacity. Firm capacity should at least equal the maximum day demand. 
 

Pumping Requirements 

 

In order to evaluate the adequacy of pumping capacity, it is necessary to determine an operating 
scenario and perform the analysis, assuming a level of capacity provided by one pump station 
with the remainder provided by the other station. Two separate pumping scenarios were 
investigated: (1) Utilizing firm pumping capacity at the P-3 Pump Station (1,900 gpm); and (2) 
pumping to Zone III with P-3 Pump Station out of service. Analysis of these two scenarios 
should indicate if existing pumping capacity is sufficient for existing and buildout demands. 
 
Pumping Scenario 1: P-3 Pump Station at Firm Capacity. Table 5-5 summarizes the pumping 
requirements by pressure zone for existing demands, utilizing the criteria presented above and 
with the P-3 Pump Station at firm capacity (1,900 gpm). Table 5-6 is a summary of the pumping 
requirements by pressure zone for buildout demands. Pumping requirements are compared to 
existing pumping capacity in each pressure zone to determine deficiencies. 
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TABLE 5-5 

EXISTING CONDITIONS PUMP STATION FLOW REQUIREMENTS – PUMPING SCENARIO 1 

 

Pump 

Station Zone Lift 

Total Pumps 
Pump 

Capacity 

(gpm) 

Total 

Firm 

Capacity 

(gpm) 

Maximum 

Day 

Demand 

(gpm) 

Transfer 

To Upper 

Zones 

(gpm) 

Total 

Capacity 

Required 

(gpm) 

Additional 

Capacity 

Required 

(gpm) Duty Standby 

P-1 
Zone I to 
Zone II 2 1 2,200 4,400 500 0 500 -3,900 

P-2 
Zone II to  
Zone III 3 1 1,000 3,000 0 0 0 -3,000 

P-3 
Zone I to 
Zone III 2 1 950 1,900 1,900 0 1,900 0 

Totals     9,300 2,400 0 2,400 -6,900 

 

 

 
TABLE 5-6 

BUILDOUT CONDITIONS PUMP STATION FLOW REQUIREMENTS – PUMPING SCENARIO 1 

 

Pump 

Station Zone Lift 

Total Pumps 
Pump 

Capacity 

(gpm) 

Total 

Firm 

Capacity 

(gpm) 

Maximum 

Day 

Demand 

(gpm) 

Transfer 

To Upper 

Zones 

(gpm) 

Total 

Capacity 

Required 

(gpm) 

Additional 

Capacity 

Required 

(gpm) Duty Standby 

P-1 
Zone I to 
Zone II 2 1 2,200 4,400 542 120 662 -3,738 

P-2 
Zone II to  
Zone III 3 1 1,000 3,000 120 0 120 -2,880 

P-3 
Zone I to 
Zone III 2 1 950 1,900 1,900 0 1,900 0 

Totals     9,300 2,562 120 2,682 -6,618 

 

 

Pumping Scenario 2: P-3 Pump Station Out of Service. In this scenario, the P-3 Pump Station 
is assumed to be out of service, and all pumping to Zones II and III must be handled by the P-1 
Pump Station and P-2 Pump Station. Although not a normally expected operating scenario, this 
analysis will indicate the ability of the system to respond to an emergency situation. Table 5-7 is 
a summary of the pumping requirement by pressure zone for existing demands under this 
pumping scenario. Table 5-8 is a summary of the pumping requirements by pressure zone for 
buildout demand with the P-3 Pump Station out of service. 
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TABLE 5-7 

EXISTING CONDITIONS PUMP STATION FLOW REQUIREMENTS – PUMP SCENARIO 2 

 

Pump 

Station Zone Lift 

Total Pumps 
Pump 

Capacity 

(gpm) 

Total 

Firm 

Capacity 

(gpm) 

Maximum 

Day 

Demand 

(gpm) 

Transfer  

To Upper 

Zones 

(gpm) 

Total 

Capacity 

Required 

(gpm) 

Additional 

Capacity 

Required 

(gpm) Duty Standby 

P-1 
Zone I to 
Zone II 2 1 2,200 4,400 500 1,875 2,375 -2,025 

P-2 
Zone II to  
Zone III 3 1 1,000 3,000 1,875 0 1,875 -1,125 

P-3 
Zone I to 
Zone III 0 1 950 0 0 0 0 0 

Totals     7,400 2,375 1,875 4,250 -3,150 

 
TABLE 5-8 

BUILDOUT CONDITIONS PUMP STATION FLOW REQUIREMENTS – PUMP SCENARIO 2 

 

Pump 

Station Zone Lift 

Total Pumps 
Pump 

Capacity 

(gpm) 

Total 

Firm 

Capacity 

(gpm) 

Maximum 

Day 

Demand 

(gpm) 

Transfer  

To Upper 

Zones 

(gpm) 

Total 

Capacity 

Required 

(gpm) 

Additional 

Capacity 

Required 

(gpm) Duty Standby 

P-1 
Zone I to 
Zone II 2 1 2,200 4,400 542 2,021 2,563 -1,837 

P-2 
Zone II to  
Zone III 3 1 1,000 3,000 2,021 0 2,021 -979 

P-3 
Zone I to 
Zone III 0 1 950 0 0 0 0 0 

Totals     7,400 2,563 2,021 4,584 -2,816 

 

Evaluation Results 

 

The results of the pumping capacity evaluation indicate that the existing pump stations have 
adequate firm capacity to provide maximum day demand conditions to each pressure zone, even 
under circumstances when the P-3 Pump Station is out of service. 
 
A new pump station will most likely be required to convey water from Zone I to the future Seeno 
Property development. This new development will require separate pumping, storage, and piping 
facilities. 
 

DEVELOPMENT OF HYDRAULIC NETWORK MODEL 

 
The water distribution system hydraulic model was developed using WaterCAD, V8i, software 
prepared and distributed by Bentley. WaterCAD can perform steady-state and extended period 
simulations of hydraulic and water quality behavior in water distribution system networks. 
 
The hydraulic network model of the existing water supply and distribution system was developed 
based on the City's water system base maps. Model input data that describe the physical 
characteristics of pipelines (length, diameter, and roughness) and junction nodes (elevations and 
nodal demand) were extracted from the base map or estimated from data provided by City staff. 
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Junction nodes define the end points of pipes and pipe segments and represent points of entry of 
water supply or discharges to meet water demands for a specific localized area. Analysis of the 
water system is accomplished by the model solving a series of hydraulic equations for pressure 
and flow. The result of modeling simulations is a numerical set of pressures and flows that 
simultaneously satisfy the equations for every pipeline and junction node in the network. 
 

Modeling Criteria 

 

Establishing computer modeling criteria is a key factor in model development, calibration and 
use of the hydraulic network model, as well as interpretation of the modeling results. Criteria 
used in developing the City's hydraulic model and the input data are described below: 
 

• All pipes 8 inches in diameter and larger were included in the model, except in critical 
areas of the system where modeling 6-inch and 4-inch diameter pipes was necessary to 
complete a loop to provide accurate flow distribution. 

 

• Pipe lengths and nominal diameters were obtained from the existing water system base 
maps developed and maintained by the City. 

 

• Pipe roughness coefficient, Hazen-Williams "C" factor, was assigned based on pipe 
material and age. 

 

• Pump station pipe configurations, pump performance curves, and motor nameplate 
information were acquired from "as-built" plans and documentation provided by City 
staff. 

 

• Ground surface elevations were obtained from LIDAR data obtained from Solano 
County. 

 

• Water demands are expressed in gallons per minute (gpm). 
 

Skeletonization 

 

The purpose of skeletonizing a water distribution system is to develop a model that accurately 
simulates the hydraulics of the pertinent pipelines delivering water throughout the system. 
Skeletonizing tends to reduce the complexity of the model which yields faster analyses, without 
compromising the water distribution system. The City’s water distribution system model was 
skeletonized to a certain extent and if necessary can be expanded to meet the needs of the City in 
the future. 
 

Roughness Coefficient 

 

Pipe material and age were the criteria used to establish a roughness, "C" factor. In general, "C" 
factors ranged from 100 to 115 in older portions of the City. For the City's new developing area 
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in the northwest, "C" factors were assumed between 120 and 130. All new pipes, regardless of 
material, assumed a "C" factor of 130. 
 

Assignment of Water Demands 

 

Water demands were distributed throughout the network model using land use data provided by 
the City. The land use (unit) water demand factors are defined in Section 2 and correspond to 
each of the City's major land use designations. These land use designations include: single 
family, multi-family, commercial, industrial, parks, and open space. 
 
Water demand worksheets were developed from the City's Land Use Zone Map and used to 
calculate the estimated existing and buildout water demands by land use designation. Water 
demands were then distributed throughout the system by assigning the calculated demands to 
junction nodes in the network model. As a general rule, assignments were made to as many 
nodes as possible. It was possible for a junction node to be assigned demand from one or more 
adjacent land use areas. There is no direct computer link between the water demand worksheets 
and the WaterCAD software at this moment. The software does have the capability to assign 
demand according to the land use designations (land use zone map) and the model can be 
updated to this method in the future. For purposes of this master plan update, the water demands 
were assigned to junction nodes manually.  
 

Model Calibration 

 

A model is considered calibrated for a set of operating conditions and water uses if it can predict 
flows and pressures with reasonable agreement. Calibration can be defined as a two-step 
procedure: (1) comparison of demand and pressures predicted by the model with observed 
demand and pressures for the known operating conditions, and (2) adjustment of the model input 
data to improve agreement between observed and model predicted values. Water demands, 
reservoir levels, and pump operating conditions are continually changing in the City's water 
system. Thus, to calibrate the model, it was necessary to obtain a "snapshot" of system demand 
and pressures at a single point in time along with specific operating conditions (i.e. reservoir 
levels and pump operation). The key to creating an accurate computer model lies within the data 
collection and observation periods. 
 
The City's staff conducted a series of fire flow tests at the following locations within the City on 
February 27, 2012 between 11AM and 2PM. 
 

• Location 1: Stone Road at Getty Court (industrial location, in Zone I) 

• Location 2: Solano Drive at Willow Court (residential location, in Zone III) 

• Location 3: 1300 Drolette Way (institutional location, in Zone II) 

• Location 4: West K Street at Military West (downtown location, in Zone I) 
 
At each of these locations, the hydrant was flushed via the 2-½ inch port and a 15 ft fire hose, 
through a HydroBlaster diffuser.  
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The field results obtained for each location included: 
 

• Fire hydrant elevation, ft 

• Static pressure, psi 

• Residual pressure, psi 

• Pitot read, pressure in psi at flow in gpm 
 
In addition to the individual field test results, the City provided system operational data at the 
time of the field tests: 
 

• Reservoir elevations 

• Pump station operation 

• Total demand per Zone 
 
To assess the model's ability to accurately represent the behavior of the existing system, 
pressures and flows predicted by the model were compared with the data collected in the field. 
Given the uncertainties involved in monitoring and duplicating conditions in the water system 
(including such things as actual demands, pipeline conditions, valve positions, and pump 
efficiency), it is assumed that the model predicted results (demand and pressure) should be 
within 10 percent of the field results. This 10 percent accuracy is an industry standard typically 
accepted for models used in master planning efforts. If the model is used for operational 
optimization, the modeling results should be within 5 percent of the field results. 
 

Calibration Results 

 

Table 5-9 is a comparison of the model results comparison with the field results.  Although the 
accuracy at some locations approaches 10 percent, the overall results of the calibration runs 
indicate that the model simulates the City's water system with a high level of accuracy and 
correlates well with observed conditions. 
 

TABLE 5-9 

MODEL CALIBRATION RESULTS – FEBRUARY 27, 2012
a
 

 

Fire 

Flow 

Location Zone Land Use 

Model 

Junction 

Node 

Field Data 
 

Model Data 
 

% Difference 

Static 

Pressure 

(psi) 

Residual 

Pressure 

(psi) 

Flow 

(gpm) 

 
Static 

Pressure 

(psi) 

Residual 

Pressure 

(psi) 

Flow 

(gpm) 

 

Static 

Pressure 

 

Residual 

Pressure 

 

Stone Rd at 
Getty Ct 

I 
Industrial J17-03 73 70 863 

 
69 68 863 

 

5.48 2.86 

Solano Dr at 
Willow Ct 

III Residential JF3-06 115 105 1,119 
 

106 102 1,119 
 

7.83 2.86 

1300 Drolette 
Way 

II Institutional JC5-31 105 90 957 
 

103 87 957 
 

1.9 3.33 

West K St at 
Military West 

I Downtown JC3-04 90 70 957 
 

82 65 957 
 

8.89 7.14 

 

a 
Fire flow tests conducted  February 27, 2012 between 11AM and 2 PM 
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The results of the calibration effort for February 27, 2012 indicate that the model accurately 
represents system performance at that time. Most of the model runs to analyze the system will be 
conducted under maximum day or peak hour demand conditions. The calibrated model was run 
under existing average day demand conditions which is typical of the time the calibration results 
were observed. It is recommended that hydraulic models be calibrated using maximum day 
demand or peak hour conditions, when the system is under the most stress. With the availability 
of SCADA information, it is recommended that the model be calibrated in the future using fire 
flow tests conducted in the summer months. 
 
For purposes of this master plan update, the calibrated model is acceptable and may be used in 
all subsequent evaluations of existing and buildout system operations. 
 

DISTRIBUTION SYSTEM ANALYSIS 

 
The calibrated hydraulic model was utilized to evaluate the performance of the water distribution 
system under existing demand conditions and buildout demand conditions. The model provides 
information on pressure, flow, head loss, velocity, and other hydraulic information. This 
information is then compared to evaluation criteria that represent the level of service for the City. 
System deficiencies are typically observed when the evaluation criterion is not met. 
 

Evaluation Criteria 

 

Table 5-10 is a summary of the evaluation criteria used for the analysis of the City’s distribution 
system hydraulic model. 
 

TABLE 5-10 

DISTRIBUTION SYSTEM EVALUATION CRITERIA 

 

Criteria Value 

Minimum pressure – average day demand 40 psi 

Minimum pressure – maximum day demand 35 psi 

Minimum pressure – peak hour demand 30 psi 

Minimum residual pressure – fire flow 20 psi 

Maximum pressure at service connection 125 psi (PRV required at 80 psi per UFC) 

Maximum velocity 8 ft/sec (typical) 

12 ft/sec (short durations) 

Maximum head loss 10 ft per 1000 ft 

Main sizing Greater of maximum day plus fire flow  

or peak hour demand 
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Model Simulations - Existing Demand Conditions 

 

The most common hydraulic modeling simulations that stress the system capacity are: maximum 
day demand, maximum day demand plus fire flow, and peak hour. The modeling results for these 
simulations are compared with the evaluation criteria presented in Table 5-10 to identify any 
potential system deficiencies. The evaluation does not address the adequacy of the minor 
distribution piping between the modeled network and the point of use. 
 
For each of the simulations for existing conditions, it is assumed that the levels in the reservoirs 
are at the point just before the pump stations are ON. This condition represents the worst case 
scenario, when the reservoir is at the lowest level in the normal operation. In other words, the 
system is primarily fed via gravity with flow from the reservoirs. 
 
To ensure all the pressure zones are evaluated properly, maximum day demand and fire flow 
simulations are carried out within each pressure zone. Below is a list of all the modeling 
simulations to evaluate the existing conditions: 
 

• Simulation 1: Max Day Demand 

• Simulation 2: Peak Hour Demand 

• Simulation 3: Max Day Demand + Fire Flow at Arsenal Area (5,000 gpm) Zone I 

• Simulation 4: Max Day Demand + Fire Flow at Benicia High School (2,500 gpm) Zone I 

• Simulation 5: Max Day Demand + Fire Flow at City Hall (3,500 gpm) Zone I 

• Simulation 6: Max Day Demand + Fire Flow at Industrial Way (5,000 gpm) Zone I 

• Simulation 7: Max Day Demand + Fire Flow at Robert Semple Elementary School 
(2,500 gpm) Zone II 

• Simulation 8: Max Day Demand + Fire Flow at 1459 Drolette Way (1,500 gpm) Zone II 

• Simulation 9: Max Day Demand + Fire Flow at 822 Bantry Way (1,500 gpm) Zone III 

• Simulation 10: Max Day Demand + Fire Flow at Henderson Elementary School 
(2,500 gpm) Zone III 

• Simulation 11: Max Day Demand + Fire Flow at 570 Lori Dr. (2,500 gpm) Zone 3-A 

• Simulation 12: Max Day Demand + Fire Flow at 949 Rose Dr. (1,500 gpm) Zone 3-B 
 
Each of the model runs is described below. Deficiencies resulting from the model runs were 
corrected by recommending projects summarized later in this section. In some instances, 
corrections were made through an iterative process to produce a cost-effective solution to the 
deficiency. 
 
Simulation 1 – Max Day Demand. This modeling simulation assesses the capabilities of the 
existing water distribution system during a hot summer day. 
 
The model run predicts that residual pressures throughout the system are at or above 35 psi, with 
the exception of the following areas: 
 

• The 12-inch Zone I water main on Park Road south of Camel Road 

• The 12-inch Zone III water main on Belvedere Drive west of Rose Drive 
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The low residual pressures (less than 35 psi) in the Park Road area may be erroneous model 
results due to the uncertain connectivity between the existing 12-inch water main and the water 
mains south of I-780. 
 
Recommendation: Confirm the connectivity of the water mains. 
 
Another reason for the low residual pressures in this area is the high ground elevation at certain 
locations. The City should consider valving off the area north ofI-780 and making it permanently 
part of Zone II. 
 
The low residual pressures (less than 35 psi) in the Belvedere Drive area are due to the high 
ground elevations. There is a ground elevation change of approximately 40 to 50 feet from Rose 
Drive and Belvedere Drive to the intersection of Belvedere Drive and Regis Court. Upsizing the 
water mains will not have a beneficial impact. 
 
Recommendation: Maintain the reservoir levels at or near the overflow elevation. Also, confirm 
the ground elevations using a GPS unit to ensure the model has correct input data. 
 
Portions of the Zone III, particularly north of Rose Drive and along Southampton Road exhibit 
residual pressures during maximum day demand above 125 psi. These high residual pressures are 
a result of the reservoir elevation in comparison to the low ground elevations. Again, these high 
residual pressures are in the northeast area of Zone III and the south boundaries of Zone III. The 
City requirement to have all Zone III customers install individual pressure regulators at their 
shut-off valve ensures that users will experience system pressures within the acceptable range. 
 
Simulation 2 – Peak Hour Demand. This modeling simulation assesses the ability of the 
existing water distribution system to deliver high water demands during a hot summer day in the 
afternoon or early evening. The simulation identifies pipelines with high velocities or head losses 
and areas of low pressure resulting from the increased head losses.  
 
The modeling results indicate that on the whole, the distribution system will experience residual 
pressures, velocities, and head losses that are acceptable per the evaluation criteria noted in Table 
5-10. The only exceptions for not meeting the minimum residual pressure are the same areas 
identified under Simulation 1. 
 
Simulation 3 – Max Day + Fire Flow at Arsenal Area (5,000 gpm) Zone I. This simulation 
was selected to model the water system response in a critical emergency condition represented 
by a 5,000 gpm fire flow occurring in the arsenal area (end of Tyler Street) during a maximum 
day demand condition. 
 
The modeling simulation confirms that the existing 12-inch water main on Park Road south of 
Camel Road will experience high head losses and residual pressures less than 20 psi under this 
condition. These results are not acceptable when compared to the evaluation criteria of Table 5-
10. A new 18-inch pipeline is recommended on Park Road from the termination of the existing 
24-inch transmission main extending south on Park Road, past Camel Road, across I-780, and 
connecting to the existing 14-inch in the Arsenal Area. By adding this recommended 18-inch 
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pipeline, the residual pressures, velocities, and head losses in the area meet the recommended 
criteria. 
 
Furthermore, the existing 14-inch pipeline on Park Road west of Industrial Way to Bayshore 
Road is the only conduit for delivering water to the southern portion of Zone I. If this pipeline is 
out of service, the entire southern portion of Zone I will have to be supplied with water from the 
R-1 Reservoir which is not normally used to supply water to the Zone I. This deficiency can be 
mitigated by including a new 24-inch pipeline in Park Road from Industrial Way to Bayshore 
Road. This pipeline parallels the single pipeline in Park Road that connects the two portions of 
Zone I. This new pipeline is an extremely important project to increase the reliability of the 
distribution system and enhance its performance should the Park Road pipeline be damaged at 
any time. 
 
In this area, it is evident that the existing 6-inch water main on Jefferson Street from Grant Street 
to Park Road is undersized. Model results illustrate that this section of existing 6-inch cast iron 
pipe on Jefferson Street should be replaced with 8-inch ductile iron pipe. In addition, the 6-inch 
pipeline is located inside the curb and not in the street as currently shown on the utility maps. 
 
Finally, the existing water distribution system on Grant Street includes a dead-end 12-inch water 
main near Bayshore Road. The recommendation is to extend this existing water main and 
connect it to the existing water 8-inch water main on Bayshore Road to completely loop the 
distribution system in this area. 
 

• Recommendation 1: Install a new 18-inch water main along Park Road from the 
northeast comer of the National Guard Armory to Oak Road and connect to the existing 
14-inch water main in the Arsenal Area. This pipeline, a length of approximately 3,000 
feet, will deliver water to the southern portion of Zone I. 

 

• Recommendation 2: Install a new 24-inch transmission water main on Park Road from 
Industrial Way to Bayshore Road parallel to the existing 14-inch transmission main. This 
would be a reliability transmission main to ensure water can be delivered to the southern 
end of Zone I in case there is a break in the existing transmission main on Park Road. 

 

• Recommendation 3: Replace approximately 950 feet of existing 6-inch cast iron pipe 
with 8-inch ductile iron pipe from Grant Street to Park Road on Jefferson Street. The 
existing pipe is in poor condition. New pipe will reduce maintenance costs. 

 

• Recommendation 4: Construct approximately 500 feet of 12-inch ductile iron pipe on 
Grant Street from the terminus of the existing 12-inch pipeline to Bayshore Road, thus 
completing a loop in the area. This will provide better flow distribution and increase fire 
protection. 

 

Simulation 4 - Max Day Demand+ Fire Flow at Benicia High School (2,500 gpm) Zone I. 

This simulation was selected to model the water system response in a critical emergency 
condition represented by a 2,500 gpm fire flow occurring at the Benicia High School (existing 8-
inch water main on Military West) during a maximum day demand condition. 
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The results of this modeling simulation indicate residual pressures less than 20 psi at the fire 
node with a fire demand of 2,500 gpm. To mitigate this residual pressure deficiency, it is 
recommended to install a 12-inch pipeline in Military West between West 6th Street and Plaza de 
Oro. This new pipeline will ensure the residual pressures of 20 psi or greater and reduce head 
losses on the existing water mains on the west side of Zone I. This pipeline would extend a 12-
inch pipeline that currently reduced to 8 inches at West 6th Street.  
 

• Recommendation 5: Install a new 12-inch water main along Military West from 
West 6th Street to Plaza de Oro to extend an existing 12-inch that reduces to 8-inch at 
West 6th Street. 

 
Simulation 5 - Max Day Demand + Fire Flow at City Hall (3,500 gpm) Zone I. This 
simulation was selected to model the water system response in a critical emergency condition 
represented by a 3,500 gpm fire occurring at City Hall during a maximum day demand condition. 
 
This run indicates that residual pressures predicted at the fire node are acceptable. The model 
also concludes that the existing 10-inch water main on East 2nd Street south of Military East to L 
Street will exhibit velocities just above 8 ft/sec and head losses above 10 ft/1000 ft of pipeline. 
These results have a minor impact to the system and no recommendations for improvements are 
necessary at this time. 
 
Simulation 6 - Max Day Demand + Fire Flow at Industrial Way (5,000 gpm) Zone I. This 
simulation was selected to model the water system response in a critical emergency condition 
represented by a 5,000 gpm fire occurring in the vicinity of Industrial Way and Lake Herman 
Road during a maximum day demand condition. 
 
The results of this modeling simulation indicate that all hydraulic evaluation criteria were met. 
 

Simulation 7 - Max Day Demand + Fire Flow at Robert Semple Elementary School (2,500 

gpm) Zone II. This simulation was selected to model the water system response to a fire flow 
condition at the Semple Elementary School served by Zone II represented by a flow of 2,500 
gpm at the intersection of East 3rd Street and S Street. 
 
The modeling results for this simulation indicate residual pressures meeting the evaluation 
criteria. However, the existing 8-inch water mains on S Street and East 3rd Street may experience 
velocities above 8 ft/sec and high head losses above 10 ft/1000 ft of pipeline. These results are 
minor, of short duration, and have no impact on the system, thus no recommendations for 
improvements are necessary. 

 

Simulation 8 - Max Day Demand + Fire Flow at 1459 Drolette Way (1,500 gpm) Zone II. 

This simulation was selected to model the water system response to a residential fire flow 
condition at 1459 Drolette Way in the most western end of the pressure Zone II.  
 
The results of this modeling simulation indicate that the residual pressure at the fire node is 
approximately 18 to 19 psi. These low pressures are primarily due to the long dead-end condition 
of the existing 8-inch water main which extends approximately 1,100 ft from Cheryl Drive. A 
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simple solution that would mitigate the residual pressure deficiency in this area is to construct a 
new 8-inch water main connecting the existing dead-end water main on Drolette Way with the 
existing 8-inch water main on Corrigan Court. A preliminary analysis concludes that there may 
be an existing utility easement between 1457 Drolette Way and 1455 Drolette Way. It is assumed 
that this easement can be used to install a new 8-inch water main. This looping would ensure 
adequate residual pressures and lower velocities as well as minimizing head losses. 
 

• Recommendation 6: Install a new 8-inch water main loop between the existing 8-
inch water mains on Drolette Way and on Corrigan Court using the existing utility 
easement between 1457 and 1455 Drolette Way. 

 
Simulation 9 - Max Day Demand + Fire Flow at 822 Bantry Way (1,500 gpm) Zone III. This 
simulation was selected to model the water system response in a critical emergency condition 
represented by a 1,500 gpm fire occurring in Zone III at the dead end of the existing 8-inch water 
main on Bantry Way during a maximum day demand condition. 
 
The results of this run indicate that while the residual pressures are within the limits of the 
evaluation criteria, this existing 8-inch water main will experience high velocities (less than 10 
ft/sec) and high head loss (greater than 10 ft/1000 ft) due to the long dead-end condition. These 
results are minor and have no impact on the system, thus no recommendations for improvements 
are necessary. 
 

Simulation 10 - Max Day Demand + Fire Flow at Henderson Elementary School 

(2,500 gpm) Zone III. This simulation was selected to model the water system response to a 
critical fire flow of 2,500 gpm at the existing Henderson Elementary School on Hastings Drive 
as part of the service from Zone III. 
 
The results of this modeling simulation indicate that all hydraulic evaluation criteria were met. 
 
Simulation 11 - Max Day Demand + Fire Flow at 570 Lori Dr. (2,500 gpm) Zone 3-A. This 
simulation was selected to model the water system response in a critical emergency condition 
represented by a 2,500 gpm fire occurring in Zone 3-A near the Bridgeview Apartments at the 
intersection of Lori Drive and Sandy Way during a maximum day demand condition. 
 
The results of this modeling simulation conclude that while adequate residual pressures are 
achievable at the fire junction node, the nodes further into the pressure zone (north end of Shirley 
Drive) will experience residual pressures less than 20 psi during this critical condition. It appears 
that this specific area has ground elevations that are at least 65 ft higher than the overall Zone 3-
A area. This dramatic change in elevation can reduce the residual pressure as much as 30 psi. 
 
Recommendation: Confirm the ground elevations in this area prior to defining improvements to 
mitigate the deficiency noted by the modeling results. 
 
Furthermore, analysis of the existing distribution system in this area concludes that Zone 3-A has 
a single source of supply, the existing 8-inch water main crossing I-780 from Southampton Road 
to the intersection of West 7th Street and Lori Drive. This single source water main for Zone 3-A 
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will exhibit high head losses (as high as 120 ft/1000 ft) and high velocities (as high as 16 ft/sec) 
during this type of critical conditions (maximum day plus fire flow). In addition, a potential out-
of-service condition on this existing 8-inch would require the City to service Zone 3-A manually 
by opening zone valves. For redundancy and operational continuity, it is recommended to install 
a new 12-inch water main on West 7th Street from Southampton Road to Lori Drive across I-780. 
This will improve the residual pressures in this system and reduce head losses. 
 

• Recommendation 7: Install a new 12-inch water main on West 7th Street extending 
from Southampton Road to Lori Drive across I-780.  
 

In this same general area, there is a deficiency in the ability to feed water to the western end of 
Zone II. In June 2010, a pipe break in Military West left over 300 homes and an elementary 
school completely out of water.  For emergency purposes, installing a new pressure reducing 
valve (PRV) station on West 7th Street will allow the City to feed the western end of Zone 
II. This recommended PRV station will only be activated if there is a major break on the 12-inch 
water main between West 5th Street and West 7th Street along Military West. The PRV station 
would be located directly across the street from the existing Zone 3-A station and provide water 
through Carolina Drive, Anita Circle, and Cheryl Drive.  
 
This PRV station is an emergency back-up recommendation, and will be slated for inclusion in a 
future CIP, tentatively scheduled for FY 2021-32 planning period.  
 

• Recommendation 7A: Install a new PRV station to serve as emergency back-up for 
feeding water to the western end of Zone II. 
 

An additional alternative to mitigating flow restrictions in western Zone II would be installation 
of a pipeline through the easement between Alto Loma and Raymond Drive.  The City’s utility 
maps show that the pipelines have blind flanges set for a future connection.  
 
Simulation 12 - Max Day Demand + Fire Flow at 949 Rose Dr. (1,500 gpm) Zone 3-B. This 
simulation was selected to model the water system response during a fire flow condition of 1,500 
gpm occurring in Zone 3-B near 949 Rose Drive. 
 
The results of this modeling simulation indicate that all hydraulic evaluation criteria were met. 
 

Buildout Hydraulic Model 

 
The buildout conditions hydraulic model was developed by increasing demands in certain areas 
to account for development of existing undeveloped land and areas planned for future 
development. The majority of the future demand will come from infill projects within Zone I. 
Other major development, like the Seeno Property is assumed to include a new booster pump 
station, storage facilities, and pipelines from Zone I to provide adequate water service to the area. 
It is assumed that the new booster pump station for this new development will be sized to 
provide the necessary flow to meet all future demand conditions of this development. Therefore, 
for purposes of modeling the buildout system, demands of peak hour and maximum day plus fire 
flow were evaluated at the point where the booster pump station may be located. 
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The simulations identified for the existing conditions were again executed for the future buildout 
demand condition. The future buildout demand model simulations conclude that the proposed 
improvements (recommendations) were still valid. No additional system improvements are 
necessary to meet the future buildout demands with the exception of separate pumping, piping, 
and storage facilities for the future Seeno Property development. 
 
A final analysis of the buildout distribution system concludes that delivery of potable water to 
the distribution system relies on a key 30-inch water transmission main from the existing water 
treatment plant. This 30-inch water transmission main has been recently confirmed to be of 
asbestos cement pipe (ACP) material. A potential break in this existing 30-inch ACP 
transmission main would severely impact water service to the City’s service area. A 
recommendation is to install a new 36-inch ductile iron pipe transmission main parallel to the 
existing transmission main to serve as a redundancy main. This new parallel 36-inch 
transmission main would extend from the water treatment plant to West Industrial Way 
(approximately 2,700 feet) and to serve Seeno’s Business Park. 
 

• Recommendation 8: New 36-inch redundant transmission water main 
(approximately 2,700 feet) from water treatment plant to West Industrial Way. 

 
In addition, the City has considered entering into an agreement with the City of Vallejo to 
construct an emergency inter-tie connection between the City of Vallejo and the City of Benicia. 
The City of Vallejo has an existing 12-inch water main on Benicia Road just west of the City 
near Columbus Parkway. It has been conjectured that an inter-tie connection would extend from 
this 12-inch water main, along Columbus Parkway, across I-780 near Rose Drive, follow the 
service road and connect to the City of Benicia Zone I water distribution system near Military 
West and K Street. This emergency inter-tie connection would provide the City with a means to 
serve Zone I during a catastrophic emergency that may put the existing water treatment plant out 
of service for a substantial period. 
 

• Recommendation 9: New 12-inch inter-tie connection from the City of Vallejo to the 
City of Benicia (approximately 8,200 feet) along Columbus Parkway and service road 
to Military West and K Street. 

 
The City should further investigate the recommendation (see Buildout Hydraulic Model) for the 
construction of an emergency interconnection (inter-tie) with the City of Vallejo to receive 
treated water in an emergency. The two systems are located very close to each other on the west 
side of the Benicia. This inter-tie could consist of a pipeline connected to the existing water main 
on Benicia Road in the City of Vallejo near Columbus Parkway. A feasibility study should be 
completed first to confirm that the pressures at the proposed connection would match with the 
existing pressures in the City of Benicia’s system. The study would consist of modeling analyses 
for the various pipeline alignments and potential conditions. 
 

RAW WATER SUPPLY SYSTEM EVALUATION 

 
The City has two sources of raw water that can be delivered to the water treatment plant through 
the raw water transmission system; see also Sections 3 & 4. Both the Cordelia Pump Station and 
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the North Bay Aqueduct (NBA) Pump Station can pump different sources of water to the raw 
water diversion structure at the Benicia Water Treatment Plant (WTP). 
 
The NBA Pump Station conveys surface water from the Cordelia Forebay using three pumps 
with a total pumping capacity of 32.0 cfs (20.7 mgd). This pump station is owned and operated 
by the Department of Water Resources (DWR). 
 
The Cordelia Pump Station conveys surface water from the Putah South Canal Terminal 
Reservoir using four pumps with a total pumping capacity of 28.5 cfs (18.4 mgd). The Cordelia 
Pump Station is owned and operated by the City. 
 
The NBA receives Delta source water from Barker Slough Pumping Plant (BSPP) on Barker 
Slough. The Delta source water pumped by the BSPP flows into the Cordelia Forebay through 
the North Bay Aqueduct. This pump station (BSPP) has a rated design capacity of 162 cfs. The 
BSPP has nine pumps installed: two pumps are rated at 14 cfs and seven are rated at 28 cfs. A 
tenth pump rated at 28 cfs for Fairfield and Vacaville’s 20 cfs peaking capacity has not been 
installed. Due to pumping discrepancies, the Solano County Water Agency (SCWA) and DWR 
have performed flow testing and hydraulic modeling to determine the actual pumping capacity. 
Based on their analyses, it was determined that the pipe pressures needed to be restricted by 
limiting pumping to six large and two small pumps. This results in a BSPP operational capacity 
of 130 cfs and provides Benicia 26.6 cfs of NBA capacity. 
 
To provide for redundancy and account for electrical and mechanical breakdowns, it is 
recommended that “Firm Capacity” be utilized in raw water system master planning. Firm 
capacity is defined as the capacity available with the largest pump out of service. Because the 
operational capacity requires a large pump to be out of service to limit pipe pressures, the  
26.6 cfs would be Benicia’s Firm Capacity. 
 
In addition to Firm Capacity impacts, the California Department of Fish and Game issued an 
incidental take permit in 2009 for Longfin Smelt for the NBA. The permit can restrict diversions 
in the NBA to 50 cfs from January 15 to March 30 in dry and critically dry years. If the limit is 
applied, Benicia’s NBA flow allocation would be: 
 

50 cfs x 20.4% = 10.2 cfs 
 

These adjusted flow capacities are integral to ensuring reliable and optimal raw water deliveries 
in the future. 
 
 

RAW WATER DELIVERY OPTIMIZATION 
 

Delivery optimization is analyzed using two separate water supply conditions: 
 

1. Normal Year Demand (2035) – Firm Capacity 
2. Dry Year Demand (2035) – Longfin Smelt Pumping Restriction 

 

In the following tables, the buildout demand is compared with both the Firm Capacity supply and 
a dry year supply with the Longfin Smelt Pumping Restriction. The purpose of the tables is to 
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display how the future demands compare to the restricted delivery of supply water, thus 
determining if there is adequate supply. 
  
Firm Capacity Delivery with Normal Year Demand (2035) 
 
Table 5-11 is a summary of the buildout monthly demand compared to the City’s surface water 
flow allocation during a normal year. The water supply to the City of Benicia consists of raw 
water from the NBA and Solano Irrigation District (SID). These supplies are balanced to 
compensate for the total buildout demand in a Normal Year. 
 
 

TABLE 5-11 

NORMAL YEAR RAW WATER OPTIMIZATION (2035) – FIRM CAPACITY 

 

 
Demanda Supply, AF/month 

Month AF/month NBA SIDb Total 

January 597 497 100 597 

February 597 497 100 597 

March 716 566 150 716 

April 955 805 150 955 

May 1,195 1,095 100 1,195 

June 1,313 1,213 100 1,313 

July 1,433 1,333 100 1,433 

August 1,433 1,333 100 1,433 

September 1,313 1,213 100 1,313 

October 1,075 775 300 1,075 

November 716 416 300 716 

December 597 497 100 597 

Total 11,940 10,240 1,700 11,940 
 

a Normal year water demand (2035) as presented in the City of Benicia’s 2010 
UWMP. 

b SID supply is not limited on a monthly basis, but it is restricted to an annual 
maximum of 2,000 AF 

 
 

The Firm NBA Capacity for Benicia is 26.6 cfs or (1,580 AF/month). Based on the firm capacity 
and the analysis presented in Table 5-11, the City has adequate firm capacity in the NBA to meet 
its Normal Year water demand at the predicted 2035 buildout demand. The SID supply is utilized 
throughout the year to balance and meet the total demand. 
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Pumping Restricted Delivery with Dry Year Demand (2035) 

 
Table 5-12 is a summary of the monthly demand compared to the City’s surface water flow 
allocation during a dry year and Longfin Smelt Pumping Restriction. The water supply to the 
City consists of raw water from both the NBA and SID. 
 
 
 

TABLE 5-12 

DRY YEAR RAW WATER OPTIMIZATION (2035) – LONGFIN SMELT PUMPING RESTRICTION 

 

 
Demanda Supply, AF/month 

Month AF/month NBA SIDb Total 

January 597 397 200 597 

February 597 397 200 597 

March 716 516 200 716 

April 955 755 200 955 

May 1,195 1,095 100 1,195 

June 1,313 1,213 100 1,313 

July 1,433 1,333 100 1,433 

August 1,433 1,333 100 1,433 

September 1,313 1,213 100 1,313 

October 1,075 775 300 1,075 

November 716 416 300 716 

December 597 497 100 597 

Total 11,940 10,240 2,000 11,940 
 

a Dry year water demand (2035) as presented in the City of Benicia 2010 UWMP. 
b SID supply is not limited on a monthly basis, but it is restricted to an annual 

maximum of 2,000 AF 

 
The NBA Capacity for Benicia during January 15 to March 30 is 10.2 cfs or (606 AF/month). 
Based on the capacity restriction and the analysis presented in Table 5-12, the City of Benicia 
has adequate capacity in the NBA to meet its Dry Year water demand during Longfin Smelt 
Restrictions. 
 
 

RAW WATER SUPPLY TRANSMISSION SYSTEM 

 
The raw water supply transmission system from the Cordelia Forebay and/or the Terminal 
Reservoir is currently in good shape and is not in need of major improvements. The primary 
concerns are with the corrosion protection of the transmission pipeline and the reliance on a 
single 36-inch raw water transmission pipeline to supply raw water to the water treatment plant. 
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Limited corrosion investigations have been conducted by the City on the transmission pipeline, 
primarily the 30-inch pipeline, from the NBA Pump Station. The results of the investigations are 
contained in a report by J.H. Nolt Associates dated January 1996. Facilities include replacement 
of the rectifiers, anode beds, test stations, and the addition of several more test stations. The 
improvements will mitigate corrosion and increase the life of the pipeline. The recommendations 
contained in this study have, for the most part, been implemented. 
 
Subsequent to the 1996 corrosion study,  the City completed a similar investigation to provide 
cathodic protection facilities for the 10,000 foot long, 24-inch diameter Lake Herman 
Transmission Pipeline (30-inch, 24-inch, and 20-inch). The recommendation to install a cathodic 
protection system for this pipeline was completed in 2011 as part of the Lake Herman 
Transmission Pipeline Cathodic Protection Rehabilitation Project. 
 
The City is currently embarking on additional rehabilitation for the single 36-inch Raw Water 
Transmission Line (RWTL). The project will consist of the following elements: 
 

1. Replace three 16-inch ball valves on the existing 36-inch RWTL with 36-inch butterfly 
valves. 

2. Replace all 6-inch plug valves from Line Valve #2 to Line Valve #4. 
3. Replace the impressed current rectifiers and anode beds at CR-5, CR-6, CR-9, CR-10, 

and CR-11. 
4. Replace the cathodic protection test stations on the existing 30-inch NBA Transmission 

Line. 
5. Install a line valve on the existing 24-inch Cordelia Pump Station discharge pipeline. 

 
These improvements are summarized as follows: 
 

• 36-inch RWTL Cathodic Protection Improvements: Replace current rectifiers and anode 
beds as well as cathodic protection test stations. 

• 36-inch RWTL Improvements: Replace ball valves and plug valves.  

• Cordelia Pump Station: Install line valve on discharge pipeline. 
 
The City does rely, however, on only one long transmission pipeline to deliver water from either 
source (pump station) to the existing water treatment plant on Lake Herman Road. This puts the 
raw water supply in a vulnerable position as a shutdown of this pipeline would restrict raw water 
delivery to the plant and ultimately potable water to the City. The City is fortunate to have 
adequate storage capacity in each of the pressure zones which would provide a measure of relief 
if raw water deliveries were interrupted for short periods of time. The City could also deliver raw 
water from Lake Herman to the WTP and to the Valero Refinery; however, this supply volume is 
limited to only 30 days at maximum withdrawal.  
 
Construction of an additional transmission pipeline to provide reliability would be cost-
prohibitive. The City’s current action plan to handle loss of the RWTL includes the use of water 
stored in Lake Herman. This involves pumping raw water from the lake (manually) using the 
Lake Herman Pump Station to convey the raw water to the water treatment plant. Valero 
Refinery would receive Lake Herman water by gravity. 
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RECOMMENDED IMPROVEMENT PROJECTS 

 

The City has identified some projects which are currently either in planning, design, under 
construction, or part of the City’s water main rehabilitation program. Here is a summary of those 
projects: 

 

A. Grant/Adams Improvement Project: This project consists of a new Zone I 12-inch 
water main on Grant Street just west of Polk Street to Adams Street. 

B. K Street/Military West Connection Project: This project consists of a new 8-inch 
water main along Military West from West K Street to West 14th Street to complete a 
loop of the system. 

C. Replace 4-inch CIP in Carolina Drive: Replace approximately 1,680 feet of existing  
4-inch cast iron pipe in Zone II with 8-inch ductile iron pipe. Existing main is undersized 
and in poor condition. Larger main will provide better flow distribution and increased fire 
protection.  

D. Replace 4-inch CIP in East 5
th

 Street from H Street to L Street: Replace 
approximately 1,100 feet of existing 4-inch cast iron pipeline and replace with 12-inch 
ductile iron pipe. Eliminates undersized main in poor condition located under curb. 
Provides better flow distribution and increases fire protection. 

 

Figure 5-1 is a schematic representation of these projects. 
 
The recommended improvement projects outlined based on the storage and pumping capacity 
analyses as well as the hydraulic evaluation presented as part of this master plan update are 
summarized below. The majority of these projects are immediately required to correct current 
deficiencies under maximum day demand plus fire flow conditions and/or peak hour demand 
conditions.  
 
Other projects are immediately necessary to increase reliability of the system and enhance 
system performance in the event of an emergency. 
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Pipeline Projects 

 
The pipeline projects identified by the modeling simulations include the following: 
 

1. New 18-inch transmission main in Park Road for Zone I. Install a new 18-inch 
pipeline in Park Road from the northeast corner of the National Guard Armory to Oak  
Road, a length of approximately 3,000 feet, to deliver water to the southern portion of 
Zone I. This pipeline is required to enable extension of the Zone II boundary to the east to 
include the Camel Barn area, which currently exhibits low pressures. Additional minor 
modifications to the piping in the area will be required to extend the pressure zone and 
separate it from Zone I. 

2. New 24-inch transmission main in Park Road from Industrial Way to Bayshore 

Road: Install a new 24-inch transmission water main on Park Road from Industrial Way 
to Bayshore Road parallel to the existing 14-inch transmission main. This would be a 
reliability transmission main to ensure water can be delivered to the southern end of Zone 
I in case there is a break in the existing transmission main on Park Road. 

3. Replace 6-inch CIP in Jefferson Street: Replace approximately 950 feet of existing 6-
inch cast iron pipe with 8-inch ductile iron pipe from Grant Street to Park Road. The 
existing pipe is in poor condition and the new pipe will reduce maintenance costs. 

4. New 12-inch water main in Adams Street from Grant Street to Bayshore Road: 
Construct approximately 500 feet of 12-inch ductile iron to complete a loop in the area. 
This project will provide better flow distribution and increases fire protection. 

5. New 12-inch water main in Military West for Zone I: Install a new 3,600 foot long, 
12-inch diameter pipeline in Military West between West 6th Street and Plaza de Oro to 
upsize an existing 8-inch pipeline. This pipeline will correct deficiencies observed for 
meeting fire flows at Benicia High School. It will also bolster firefighting capabilities in 
the west side of Zone I. 

6. New 8-inch water main loop from Drolette Way to Corrigan Court. Install a new 250 
foot long, 8-inch diameter water main to loop the dead-end water mains on Drolette Way 
and Corrigan Court. This looped water main will provide additional capacity to the area 
and meet fire flow demands. 

7. New 12-inch water main on West 7
th

 Street for Zone III to serve Pressure Zone 3-A: 
Install a new 1,300 foot long, 12-inch diameter pipeline from Southampton Road to Lori 
Drive across I-780 to provide additional capacity for Zone 3-A. This pipeline will also 
provide redundancy in source to Zone 3-A. 

8. New 36-inch reliability transmission main from WTP: New 36-inch redundancy 
transmission water main (approximately 2,700 feet) from water treatment plant to West 
Industrial Way. 

9. New Benicia-Vallejo Inter-Tie Connection: New 12-inch inter-tie connection from City 
of Vallejo to City of Benicia along Columbus Parkway and service road to Military West. 
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Pump Station Projects 

 

The pumping capacity analysis described earlier in this section identified that the existing pump 
stations have acceptable pumping capacity to meet both the existing conditions and buildout 
demands. 
 
Although capacities of the pump stations are adequate, some upgrades are required. The Motor 
Control Center (MCC) at P-2 Pump Station is scheduled for replacement in the next five years. 
This is the oldest pump station, built in the 1960s.  The MCC, associated motor starters and 
electromechanical controls, and switchboard have reached their service life.  Also, it is very 
difficult to find replacement parts for failed equipment.  

 

Pump station improvement projects include: 
 

10. P-2 Pump Station MCC Replacement: Replace aging motor control center and 
associated controls.  

 

Storage Projects 

 

The analysis concludes that additional storage capacity is not required within the existing 
pressure zones during existing demands or buildout demands. 
 
Significant costs to maintain the reservoirs are incurred when it is time to recoat the interior and 
exteriors of the storage tanks. Reservoirs R-1 and R-2 are scheduled to be recoated more than 
10 years in the future.  For budgeting purposes, the following projects are scheduled to be 
completed after the year 2021.  

 

11. Recoating of R-1 Reservoir: Routine maintenance recoating of interior and exterior of 
storage tank 

12. Recoating of R-2 Reservoir: Routine maintenance recoating of interior and exterior of 
storage tank 

 

New Development Projects 

 

The future development - Seeno property - will be served by separate facilities from Zone I. 
These facilities and estimated costs are unknown at this time. Pumping and storage capacities 
will need to be calculated once the project is defined. The development will require in-system 
improvements and possibly may require more than one pressure zone. Determination of these 
facilities and costs is dependent on the specific development plans that are prepared for the site 
and is beyond the scope of this master plan. Facility costs will be borne by developers. 
 
Several pipeline projects have been identified through the hydraulic evaluation and are necessary 
to correct hydraulic deficiencies and/or improve operational reliability and performance. Some 
pipeline projects may be identified by City staff to reduce maintenance, improve water quality, 
or increase fire protection. Unless otherwise noted, the cost estimates are based on the following 



 SECTION 5 

 DISTRIBUTION SYSTEM EVALUATION 

NV5 5-27 2012 Water System Master Plan 

assumptions: typical urban street construction; pavement removal and repaving; many crossing 
existing utilities; traffic control required; minimum cover; no cathodic protection. 
 

Raw Water Transmission System Projects 

 

The recommended improvements to the raw water transmission system are as follows: 
 

• 36-inch RWTL Cathodic Protection Improvements: Replace selected rectifiers and anode 
beds as well as cathodic protection test stations. 

• 36-inch RWTL Improvements: Replace ball valves, and plug valves.  
 
The improvements to the Cordelia Pump Station have been initiated at the time of this master 
plan study, therefore they will not be included as part of the recommended projects.  
 

Capital Improvement Program 

 
Total project costs are provided for each project as summarized above and grouped by facility 
type. These summarized project costs can be found on Table 5-13.  
 
The total project cost includes the baseline construction cost, a contingency, and other costs 
associated with engineering, administration and construction management. Baseline construction 
costs for new facilities are based on cost curves, engineering judgment, recent bid prices and 
historical trends and are not based on detailed engineering design and analysis. Therefore, the 
construction cost estimates are considered to range from +50 percent to -30 percent of the 
expected bid price. Baseline construction costs for the projects will reflect an Engineering News 
Record (ENR) construction cost index representing costs for June 2012 (ENR 9291). 
Assumptions are based on normal construction; unusual construction must be addressed 
individually. Contractor overhead and profit are included in the costs. Because full knowledge of 
site-specific conditions for each proposed project is limited at the master planning stage, a 20 
percent contingency will be applied to the Baseline Construction Cost to account for unforeseen 
events and unknown conditions. A cost equal to 20 percent of the construction cost (including 
contingencies) will be applied to account other costs for additional items such as engineering, 
administration, legal, and construction management costs. 
 
Staging and prioritization of the projects and development of the 10-year Capital Improvement 
Program is presented in Section 8. 
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TABLE 5-13 

RECOMMENDED DISTRIBUTION SYSTEM IMPROVEMENTS 

 

Project Description Quantity Units 

Baseline 

Construction 

Costa 
Contingency 

Costb 

Engineering/

Admin/Legal

/CM Costsc Total Cost 

Distribution System       

1.  New 18-inch pipeline in Park Road 
for Zone I for Arsenal area 

2,500 LF $350,000 $70,000 $84,000 $504,000 

2.  New 24-inch transmission main  in 
Park Road for Zone I - Reliability 

1,550 LF $247,000 $50,000 $60,000 $357,000 

3.  Replace 6-inch DIP in Jefferson 
Street from Grant Street to Park Road 

850 LF $77,000 $15,000 $18,000 $110,000 

4.  New 12-inch main in Adams Street 
from Grant Street to Bayshore Road 

500 LF $55,000 $11,000 $13,000 $79,000 

5.  New 12-inch pipeline in Military 
West for Zone I 

4,175 LF $459,000 $92,000 $110,000 $661,000 

6.  New 8-inch water main to loop 
Drolette Way with Corrigan Court 

250 LF $23,000 $5,000 $6,000 $34,000 

7.  New 12-inch Zone III pipeline to 
serve Pressure Zone 3-A 

1,200 LF $132,000 $26,000 $32,000 $190,000 

8.  New 36-inch Reliability 
Transmission Main 

2,800 LF $504,000 $101,000 $121,000 $726,000 

9.  New 12-inch Vallejo-Benicia Inter-
tie Connection 
 

8,200 LF $2,440,000 $480,000 $580,000 $3,500,000 

10.  P-2 Pump station MCC  
Replacement 
 

1 LS $208,000 $42,000 $50,000 $300,000 

11.  Recoating of R-1 Reservoir 
(interior & exterior) 
 

1 LS $208,000 $42,000 $50,000 $300,000 

12.  Recoating of R-2 Reservoir 
(interior & exterior) 

1 LS $208,000 $42,000 $50,000 $300,000 

Raw Water Transmission System       

36-inch RWTL CP Improvements 1 LS $280,000 $55,000 $65,000 $400,000 

36-inch RWTL Improvements - Valve 
Replacement 

1 LS $140,000 $28,000 $32,000 $200,000 

       
 
a Construction costs based on an ENR Index of 9291 for June 2012 (20 cities average). 
b Contingency at 20% of baseline construction costs. 
c Engineering/Admin/Legal/Construction Management Costs at 20% of sum of baseline construction cost and contingency. 
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Section 6 summarizes an evaluation of the City of Benicia Water Treatment Plant. The 
evaluation was conducted at six levels, including: 1) plant capacity; 2) regulatory compliance 
and safety; 3) treatment process performance, 4) sludge treatment and disposal; 5) electrical 
systems and controls; and 6) operations. Capital improvements identified for the water treatment 
plant will be incorporated into the Capital Improvement Program in Section 8. The treatment 
plant evaluation included the following tasks: 
 

• Reviewing updated water demand projections and determining whether plant capacity 
will need to increase 

• Determining regulatory compliance status 

• Assessing treatment process performance as compared to established standards, 
operational goals, and voluntary targets 

• Evaluating sludge treatment and disposal facilities and operations 

• Conducting an electrical engineering review of existing electrical panels, switchgear, and 
control systems 

• Identifying necessary operational improvements 

• Recommending capital improvement projects 
 

CAPACITY REQUIREMENTS 

 
The City of Benicia Water Treatment Plant has a current production capacity of 12 mgd. The 
plant was expanded from 6 mgd to 12 mgd in 1989, and at that time it was determined that two 
additional 6 mgd expansions would be required in order to meet future treated water demands for 
the City. The staging of these future expansions was based on high treated water demand 
estimates developed for the 1990 Master Plan and were scheduled to be completed prior to 1994, 
and by the year 2003, respectively. Since that time, however, growth, and treated water demands 
associated with anticipated development north of the City have not met projections. The 
maximum day treated water flow recorded at the plant to date has been 10 mgd (total amount of 
water treated in a 24-hour period). As a result, the planning of future expansions of the Benicia 
Water Treatment Plant should be modified. 
 
Shown in Figure 6-1 are the revised maximum day treated water demand projection curves based 
on demands developed in Section 2. The curves shown represent baseline, low, and high treated 
water demand projections for the City. Based upon these demand projections, water treatment 
plant expansion is not necessary. 
 

REGULATORY COMPLIANCE ASSESSMENT 

 
Included as Appendix B is a technical memorandum identifying gaps between regulatory 
requirements (current and pending) and existing facilities. The following specific items are 
discussed in the memorandum: 1) disinfection byproducts; 2) fluoridation; 3) chemical storage; 
4) sludge lagoons; and 5) the regulatory setting for proposed projects. Based upon information 
presented in the memorandum, observations during plant visits, and discussions with operators,  
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several improvements are recommended for regulatory compliance and safety. These 
improvements are summarized below. 
 
Table 6-1 identifies regulatory-driven improvement projects anticipated for the City of Benicia 
Water Treatment Plant. These improvements are based upon an independent assessment of the 
regulatory challenges facing future operations of the existing water treatment plant facilities, and 
available information regarding impending new laws and regulations. 
 

TABLE 6-1 

SUMMARY OF IMPROVEMENTS FOR REGULATORY COMPLIANCE 

 

Regulatory Requirement Source/Reference Recommended Improvement 

Reduce concentrations of 
disinfection byproducts 

Federal Stage 2 DBPR [1] 
Install magnetic ion exchange 

system 

Separate incompatible 
materials that could react 

violently if mixed 
California Fire Code [2] Chemical tank farm improvements 

Prevent unauthorized 
discharges of wastewater 

and sludge 
General NPDES Permit [3] Re-line sludge lagoons 

Maintain chlorine gas risk 
management plan 

Federal RMP Rule [4] 
Convert from chlorine gas to sodium 

hypochlorite solution 

 
Each of the improvements is described below. 
 
Install Magnetic Ion Exchange System. With careful treatment plant operation and strategic 
seasonal use of North Bay Aqueduct and Putah South Canal waters, the City has demonstrated 
the ability to comply with current and pending disinfection byproducts regulations. Adequate 
removal of organic precursors within the existing water treatment plant, however, requires 
elevated coagulant doses and generates large quantities of sludge. The sludge lagoons are heavily 
loaded, and disposal of dried sludge has been expensive. To address this issue, City staff is 
considering installation of a magnetic ion exchange system to remove dissolved organic carbon 
upstream of existing flocculation and sedimentation units. 
 
Additional study is needed prior to design and implementation. A life-cycle cost analysis should 
be conducted to confirm that the costs associated with magnetic ion exchange will be less than 
the costs of current practices. Pilot testing should be conducted to verify process performance, 
operational parameters, and brine waste generation rates. Brine waste obtained from pilot testing 
or existing full-scale facilities should be used to evaluate disposal options. Because the City of 
Fairfield utilizes the same water sources as Benicia and is in the process of studying (pilot 
testing) magnetic ion exchange, Benicia staff should request information and attempt to benefit 
from lessons learned in Fairfield. 
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Chemical Tank Farm Improvements. The chemical tank farm at the City water treatment plant 
is equipped with a secondary containment system, but certain tanks within the secondary 
containment system contain chemicals (e.g. sodium hydroxide and hydrofluosilicic acid) which 
appear to be incompatible. Adequate separation of these tanks should be provided as part of a 
chemical tank farm improvements project. A detailed evaluation of secondary containment 
system capacity, structural integrity, and remaining service life of chemical tanks should also be 
conducted. Replacement of four older chemical storage tanks is anticipated. 
 
City staff has identified several chemical use changes that should be considered in planning and 
design of the tank farm improvements project, including: 1) conversion from chlorine gas to 
sodium hypochlorite solution, 2) using polyorthophosphate in lieu of caustic soda for corrosion 
control, and 3) increasing the alum storage capacity. Two sodium hypochlorite tanks, a 
polyphosphate tank, and an alum tank should be added. 
 
Re-Line Sludge Lagoons. Soil cement lining has been installed in two of the existing lagoons (4 
and 5). Following the next sludge removal, the lining in these lagoons should be assessed to 
confirm that the soil-cement is performing adequately. Based upon the findings, the City should 
proceed with lining upgrades for the other four lagoons (1, 2, 3, and 6). 
 
Convert from Chlorine Gas to Sodium Hypochlorite Solution. To avoid the costs of 
maintaining a chlorine gas risk management program and complying with process safety 
requirements, the existing gas chlorination system should be replaced with a liquid sodium 
hypochlorite system. For the sodium hypochlorite system, two alternatives were considered: 
1) purchasing commercial-grade sodium hypochlorite solution; and 2) generating sodium 
hypochlorite solution on-site. It is generally considered that due to greater capital cost, 
complexity, and potential waste disposal issues associated with on-site generation, the use of 
commercial-grade sodium hypochlorite solution is preferable. Prior to selecting either of the two 
liquid sodium hypochlorite system, it is recommended that a comprehensive comparison be 
prepared, including discussions on costs, maintenance, and ease of operation.  
 

 

WATER TREATMENT PLANT PERFORMANCE EVALUATION 

 
Water treatment plant operational data from 2011 were reviewed in detail, and treatment process 
performance was assessed relative to the following three sets of criteria: 1) the water quality 
goals presented in the 1996 Water System Master Plan [5], 2) Partnership for Safe Water (PSW) 
Phase IV performance goals [6], and 3) California Code of Regulations, Title 22 performance 
standards for conventional filtration facilities [7]. Findings are summarized below. 
 

Coagulation, Flocculation, and Sedimentation Process Performance 

 
Performance criteria for the coagulation, flocculation, and sedimentation processes are 
summarized in Table 6-2. The criteria focus upon the turbidity and pH of sedimentation basin 
effluent (i.e. applied water). 
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TABLE 6-2 

SUMMARY OF PERFORMANCE CRITERIA 

COAGULATION, FLOCCULATION, AND SEDIMENTATION PROCESSES 

 

Parameter Value 

  

Partnership for Safe Water, Phase IV 

Performance Goals 
 

Settled water turbidity, when raw 
water turbidity ≤10 NTU 

<1.0 NTU 95 percent of the time 

Settled water turbidity, when raw 
water turbidity >10 NTU 

<2.0 NTU 95 percent of the time 

  

1996 Water System Master Plan  

Settled water turbidity <2 NTU 

Settled water pH >5.5 and <7.0 a 

  

 
a No longer applicable. This performance criterion is appropriate for enhanced 

coagulation of North Bay Aqueduct water. When treating Putah South Canal 
water, an optimal alum dose typically results in a pH of 7.0-7.2. 

 
Operational logs were reviewed to determine whether these criteria were satisfied during 2011, 
and the findings are summarized in Table 6-3. In general, the processes performed well. The data 
suggest that the treatment facilities and operators handled high raw water turbidities well but, 
due to adverse weather conditions and other factors, several minor process upsets occurred 
during the year. 
 

TABLE 6-3 

COAGULATION, FLOCCULATION, AND SEDIMENTATION PROCESSES 

PERFORMANCE REVIEW - 2011 

 

Parameter Units Min Avg Max 

Percent of 

samples meeting 

criteria 

Settled water turbidity when raw 
water turbidity is ≤10 NTU 

NTU 0.1 0.6 5.4 90 

Settled water turbidity when raw 
water turbidity is >10 NTU 

NTU 0.1 0.9 4.3 98 

Settled water turbidity, overall NTU 0.1 0.8 5.4 99 

 

Filtration Process Performance 

 
According to California Code of Regulations, Title 22, Section 64657.30, combined filter 
effluent turbidity shall be less than or equal to 0.3 NTU in at least 95 percent of the 
measurements taken each month. Facilities meeting this requirement are given credit for at least 
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99 percent (2-log) Cryptosporidium removal. In addition, the PSW Phase IV Performance Goals 
indicate that combined filter effluent turbidity should be less than 0.10 NTU 95 percent of the 
time. 
 
Operational logs were reviewed to determine whether these criteria were satisfied during 2011, 
and the findings are summarized in Table 6-4. The filters consistently met the California and 
PSW criteria. During the year, no combined filter effluent turbidity results exceeded 0.3 NTU 
and only three results (out of more than 2,000) exceeded 0.1 NTU. 
 

TABLE 6-4 

COMBINED FILTER EFFLUENT TURBIDITY SUMMARY - 2011 

 

Parameter Value 

Minimum, NTU 0.02 

Average, NTU 0.03 

99th percentile, NTU 0.04 

Maximum, NTU 0.26 

 

Disinfection Process Performance 

 
Disinfection process goals presented in the 1996 master plan appear to be outdated and are no 
longer used by plant staff (probably due to conflict with current disinfection byproducts limits). 
These goals essentially directed plant operators to accomplish the following: 1) maintain a 
residual chlorine concentration of greater than or equal to 1.5 mg/L when the water temperature 

is less than 14°C, 2) maintain a residual chlorine concentration of greater than or equal to 1.8 

mg/L when the water temperature is greater than or equal to 14°C, and 3) maintain a pH of less 

than or equal to 8.5 within the disinfectant contact units. 
 
The PSW Phase IV Performance Goals indicate that actual CT values should be greater than or 
equal to the CT values needed to achieve required levels of Giardia and virus inactivation. The 
City is required to provide 1.5-log Giardia inactivation and 3.0-log virus inactivation. 
 
Operational logs were reviewed to determine whether these goals were met during 2011, and the 
findings are summarized in Table 6-5. The PSW disinfection process goal was met consistently. 
Data from the logs suggest that the plant was fine-tuned throughout the year for simultaneous 
compliance with the following: 1) Giardia and virus inactivation requirements, and 2) maximum 
contaminant levels for trihalomethanes and haloacetic acids. Essentially, while temperature and 
pH fluctuated, plant personnel provided 1.5-log Giardia inactivation and 3.0 log-virus 
inactivation with as little chlorine as practically possible. Current practice is to maintain a free 
chlorine residual  in the range of 0.9 to 1.0 mg/L in water leaving the plant. 
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TABLE 6-5 

DISINFECTION PROCESS PERFORMANCE DATA SUMMARY - 2011 

 

Parameter Min Avg Max 

CTactual : CTrequired 1.03 2.13 4.58 

Residual chlorine concentration (mg/L) 

when temperature is  < 14°C 
0.70 0.92 1.06 

Residual chlorine concentration (mg/L) 

when temperature is  ≥ 14°C 
0.38 0.92 1.24 

pH 6.70 8.28 9.00 

 

SLUDGE TREATMENT AND DISPOSAL 

 
Sludge handling practices were reviewed with the goal of identifying and evaluating 
improvement alternatives. The following items are summarized below: 1) existing sludge 
dewatering facilities and operations; 2) the current solids disposal procedure and applicable 
requirements; and 3) improvement alternatives and recommendations. 
 

Sludge Dewatering Facilities and Operations 

 
At the City water treatment plant, filter backwash water is discharged into a holding basin. The 
holding basin has a capacity of approximately 227,000 gallons - sufficient to contain water from 
two filter backwashes. The basin was designed to attenuate surges of backwash water into 
downstream units, and the inlet and outlet have baffles. Backwash water flows from the holding 
basin into a diversion structure where it mixes with sedimentation basin sludge. The diversion 
structure is equipped with eight gates and a weir that are used to divert the mixture into six 
lagoons for dewatering. 
 
A sludge treatment and disposal process flow diagram is presented in Figure 6-2, and sludge 
lagoon information is presented in Table 6-6. The lagoons were constructed with a clay and 
aggregate base lining (six inches of aggregate base over two feet of clay). In 2006, soil-cement 
lining was installed in lagoons 4 and 5. Lagoons 1, 2, and 3 are equipped with a concrete baffle 
to prevent short-circuiting, and lagoons 4, 5, and 6 have underdrain piping. Severe leakage has 
been reported from lagoons 1 and 3. Due to their orientation in relation to prevailing winds, 
lagoons 3, 5, and 6 are vulnerable to damage due to wave action. The leeward end of Lagoon 4 is 
equipped with a concrete splash wall. Lagoon 1 receives overflows from the diversion structure. 
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TABLE 6-6 

SLUDGE LAGOON SUMMARY 

 

Parameter Value 

Lagoons, total 6 

Capacity of each lagoon, gallons 600,000 

Lagoons equipped with a center baffle 3 

Lagoons with clay and aggregate base lining 4 

Lagoons with soil-cement lining 2 

Lagoons equipped with underdrain piping 3 

 
Solids settle and accumulate in the bottoms of the lagoons. Supernatant and underdrain water 
flow by gravity to a 150,000-gallon recovery basin. The basin contents are pumped to the 
headworks of the treatment plant and mixed with raw water. The recovered water turbidity goal 
is <2.0 NTU, and plant influent is not allowed to contain more than 10 percent recovered 
water [8]. 
 
After a lagoon has been in service and accepting sludge for one year, the lagoon is removed from 
service and the solids are allowed to dry. (Attempts to keep lagoons in service for two years have 
been unsuccessful due to excessive sludge accumulation and extended drying time.) In a typical 
year, three lagoons are in use and three are drying. 
 

Solids Disposal Procedure and Applicable Requirements 

 
On average, approximately 1,300 cubic yards of dried solids are removed from lagoons by a 
contractor each year. A brief summary of dried solids removal data for 2002-2011 is presented in 
Table 6-7. 
 

TABLE 6-7 

DRIED SOLIDS REMOVAL DATA, 2002-2011 
 

Parameter Min Avg Max 

Lagoons emptied per year 2 3.1 4 

Truckloads of solids hauled per year 28 54 107 

Volume of solids hauled to landfill, cubic yards per year 658 1,262 2,461 

Solids removal cost, $ per year 16,534 28,921 47,187 

 
The solids are hauled to the Hay Road Landfill, which is located approximately 35 miles from 
the water treatment plant, and used as alternative daily cover. To determine compliance with the 
Hay Road Landfill acceptance criteria [10], the solids are tested for CAM 17 priority metals (the 
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17 heavy metals listed in California Code of Regulations, Title 22, Section 66261.24), Title 22 
hazardous waste acute toxicity, and elective analytes including pH, percent solids, and 
aluminum. 
 

Improvement Alternatives and Recommendations 

 
The existing solids handling facilities and operational strategy may need improvement to address 
two potential issues: 1) inadequate lagoon lining; and 2) high solids disposal cost. Severe leakage 
has been reported from two of the lagoons, and three lagoons have side slopes that are not 
adequately protected from wave action. The City spends an average of approximately $30,000 
annually for sludge removal and disposal, and City staff is searching for ways to reduce this cost. 
 
Considering these problems, the following improvement alternatives have been identified: 
 
Upgrade Lagoon Linings. As mentioned previously, soil cement lining has been installed in 
lagoons 4 and 5. Following the next sludge removal, the lining in lagoons 4 and 5 should be 
assessed to confirm that the soil-cement is performing adequately. Based upon the findings, the 
City should proceed with lining upgrades for lagoons 1, 2, 3, and 6. Liner alternatives should be 
considered, if necessary. Soil-cement, clay with aggregate base, and paver stones over 
chlorosulfonated polyethylene (Hypalon®) are acceptable to City staff. 
 
Modify/Augment Water Treatment Processes to Reduce Sludge Production. The City is 
practicing enhanced coagulation to remove total organic carbon (TOC) and comply with 
disinfection byproducts regulations. A secondary effect of enhanced coagulation is greater sludge 
production, and the rate of sludge production depends upon volume of water treated, coagulant 
dose, amount of TOC removed, and other factors. To mitigate this secondary effect, the US 
Environmental Protection Agency (USEPA) recommends employing acid, acidified coagulant, 
or polymers to reduce the necessary coagulant dose [11]. The City already appears to be 
implementing this recommendation. Specifically, the City utilizes acidified alum and cationic 
polymer. 
 
To remove dissolved organic carbon (DOC) and further reduce sludge production, City staff are 
considering installation of a magnetic ion exchange system upstream of existing flocculation and 
sedimentation units. Such a system may potentially reduce the necessary coagulant dose by 30 to 
80 percent and reduce sludge production by 20 to 60 percent [12]. 
 
The magnetic ion exchange system would produce a brine waste. Handling and disposal 
alternatives for this waste would likely include but not be limited to the following: 1) evaporative 
dewatering followed by landfill disposal; 2) evaporative dewatering and mixing with alum 
sludge, followed by landfill disposal; 3) hauling liquid waste to a municipal or industrial 
wastewater treatment facility, or 4) discharging liquid waste through a pipeline to the City of 
Benicia wastewater treatment plant or other approved facility. Bench and pilot-scale magnetic 
ion exchange studies at the City water treatment plant, if conducted, should include waste 
analyses to assess compliance with the Hay Road Landfill acceptance criteria. The acceptance 
criteria do not include a specific salinity limitation at this time. 
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ELECTRICAL SYSTEMS AND CONTROLS 

 
The water treatment plant receives transformed power to 480 Volt, 3-phase from PG&E. In the 
basement of the Operations Building is the facility main switchboard which contains feeder 
breakers, motor starters, controls, and low voltage panels sized to provide power to all of the 
electrical equipment and buildings located on-site. In addition, the Chemical Building is 
equipped with an emergency generator sized to accommodate a large portion of the electrical 
load in the event of a power outage. 
 
The overall electrical distribution network is aging. While not quite reaching end-of-life, some 
distribution equipment is more than 40 years old. This poses the following problems: 1) time 
between failures lessens with age; and 2) price and effort to source replacement parts increase 
greatly with age. 
 

Operations Building 

 
In general, the Operations Building is in need of more low-voltage panels, transformers, and 
receptacles to accommodate additional equipment. Switchboards and motor control centers 
(MCCs) in the basement are 480 Volt, 3-phase and were installed in various stages and years. 
This makes one gear different from the next in both age and manufacture. According to 
operations staff, replacement parts are expensive and difficult obtain. Motors, instrumentation, 
and other electrical equipment in this building area are either new or recently-serviced and not in 
need of replacement in the near future. 
 
The existing PLC for the water treatment plant was manufactured by General Electric and the 
supervisory control and data acquisition (SCADA) is handled via Intellution iFIX. PLC 
replacement is recommended. For any new or retrofit projects at the plant, SCADA-ready 
equipment should be installed to more fully incorporate status, alarms, and control points into the 
SCADA system. 
 

Chemical Building 

 
Equipment in the Chemical Building is in need of replacement. Of greatest concern are the 
electromechanical relay-based controls for the chemical feed equipment. This equipment is 
unreliable and less efficient than newer technology. It is recommended that a new programmable 
logic controller (PLC) and supporting equipment be installed. The recently replaced metering 
and sample pumps coupled with PLC control will provide greater ease of operation, higher 
efficiency, and proper integration and remote control capabilities with the plant SCADA system. 
An evaluation and upgrade of the current ventilation system in the chemical feed room should be 
completed prior to installation of new equipment due to fluorosilicic acid off gassing. 
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OPERATIONAL IMPROVEMENTS 

 
Projects that have been identified by plant personnel to improve operations, control costs, and 
increase reliability are summarized below. 

 

Conversion to Polyorthophosphate. To reduce the cost of corrosion control, convert from 
caustic soda to polyorthophosphate. 
 
Maintenance Shop. After the removal of the chlorine gas system, the City will convert the 
existing Chlorine Room into an expanded maintenance shop for equipment maintenance, tool 
storage, and repair of meters and instrumentation. This project will be accomplished by City staff 
and will not be identified as a capital improvement project. 
 
Replace Backwash Tank 1. Demolish Backwash Tank 1 and construct a new 200,000-gallon 
storage tank to provide water for filter backwashing when Backwash Tank 2 is out of service for 
re-coating or other maintenance procedures. 
 
Chlorine Contact Tank Re-Coating. Re-coat interior and exterior of chlorine contact tank. 
 

SUMMARY OF RECOMMENDED IMPROVEMENT PROJECTS 

 
Recommended improvement projects are summarized in Table 6-8. The table was developed 
from evaluations of the water treatment plant facilities and operations, discussions with City 
staff, and review of previous City master plans and capital improvement plans. The total project 
costs include baseline construction cost, a 20 percent construction contingency, and a 20 percent 
project contingency for engineering, administrative, legal, and construction management costs. 
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TABLE 6-8 

WATER TREATMENT PLANT IMPROVEMENT PROJECTS TO BE CONSIDERED 

 

Project Description 

Baseline 

Construction 

Cost 

Contingency 

Cost
a
 

Engineering, 

Administrative, Legal, 

and Construction 

Management Costs
b
 Total Cost 

WTP PLC Replacement $140,000 $28,000 $32,000 $200,000 

Chemical Building 
Electrical Systems and 
Controls 

$480,000 $95,000 $115,000 $690,000 

Chemical Tank Farm 
Improvements 

$590,000 $118,000 $142,000 $850,000 

Magnetic Ion Exchange 
System (6 mgd) 

$2,440,000 $485,000 $585,000 $3,510,000 

Convert from Chlorine 
Gas to Sodium 
Hypochlorite Solution 

$208,000 $42,000 $50,000 $300,000 

Conversion to 
Polyorthophosphate 

$105,000 $20,000 $25,000 $150,000 

Re-Line Sludge 
Lagoons 

$1,111,000 $222,000 $267,000 $1,600,000 

Replace Backwash 
Tank 1 

$295,000 $60,000 $70,000 $425,000 

Re-Coating of Chlorine 
Contact Tank (Interior 
and Exterior) 

$210,000 $40,000 $50,000 $300,000 

 
a   Contingency at 20% of baseline construction costs. 
b  Engineering/Admin/Legal/Construction Management Costs at 20% of sum of baseline construction cost and contingency  
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By definition, Sustainability is “meeting the needs of the present without compromising the 

ability of future generations to meet their own needs”. Incorporating sustainability into the water 

system master plan ensures that the City of Benicia remains a good steward of their water 

resources. 

 

The City has continuously implemented a water conservation program for more than 20 years. 

The City’s on-going commitment to address sustainability and reduce global warming impacts 

related to the Water System Master Plan is addressed in this chapter.  Effects of climate change 

resulting from operation of the City water supply system can be influenced in three general areas 

1) reducing the operation of facilities by reducing demand; 2) increasing the efficiency of 

facilities that use energy; and 3) obtaining energy from renewable sources. 

 

The City has a very detailed and goal oriented Climate Action Plan (CAP). The plan inventoried 

City energy users and concluded that almost 25 percent of the City Government’s greenhouse 

gas (GHG) emissions result from the electricity required to pump, treat, and deliver clean potable 

water (the subject of this water system master plan) and to collect and treat wastewater (see 

Wastewater System Master Plan). 

 

The Climate Action Plan established the following three objectives for the City water and 

wastewater systems (WW).  Each objective has several strategies and those are also noted 

throughout this chapter as they apply: 

 

• Objective WW-1: Reduce the Amount of Water Consumed 20% by 2020 

• Objective WW-2: Reduce the Amount of Emissions Resulting from Pumps and Lift 

Stations 

• Objective WW-3: Reduce the Amount of Emissions Resulting from Water and 

Wastewater Plant Operations 95% by 2020 

 

The following sections will address approaches to meeting CAP objectives through water 

demand management, increasing water facility efficiencies, and using renewable energy 

resources. 

 

WATER DEMAND MANAGEMENT 
 

Water demand management should focus on the following three measures to influence the 

efficient use of water and help meet CAP Objective WW-1: Reduce the Amount of Water 

Consumed by 20% by 2020 including: 

 

Measure 1 - Conservation 

Measure 2 - Volume Reduction 

Measure 3 - Timing of Water Use 

 

Measure 1: Conservation (Efficiency) 

 

In the past few years, three pieces of landmark legislation were adopted by the State of 

California that will significantly influence (reduce) future water demands by increasing 
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conservation. It should be noted that indoor water conservation will also have a direct impact and 

significantly reduce flows to the wastewater treatment plant further reducing GHGs. The 

legislation directly affecting future water demands are: 

 

• CALGreen (Part 11 of Title 24) 

• SB 407 

• Model Landscape Ordinance 

 

Each of the three pieces of legislation is described below. 

 

CALGREEN. These regulations are part of the California Building Standards Code, Title 24, 

and are known as the California Green Building Standards Code or CALGreen. The purpose of 

this code is to encourage sustainable construction practices. 

 

The requirement found in part 11 of Title 24 is a 20 percent reduction from baseline use with 

voluntary goals for 30, 35, and 40 percent reductions.  The requirement may be met by either 

prescriptive or performance methods summarized as follows: 

 

Prescriptive Method (plumbing fixtures requirements): 

• 2.0 gpm showerheads (United States Environmental Protection Agency (EPA) Water 

Sense Label) 

• 1.8 gpm bathroom and kitchen faucets (EPA Water Sense Label) 

• 1.28 gal/flush toilets (EPA Water Sense Label) 

• 5.0 gallons/cycle – Dishwashers (Energy Star Label) 

• 6.0 gallons/cu ft - Washing Machines (Energy Star Label) 

or 

 

Performance Method: Demonstrate baseline water use is reduced by 20 percent. 

 

In addition, Title 24 now requires weather-based irrigation controllers (WBICs) to reduce 

outdoor water use if landscaping is provided by the builder. 

CALGreen is not to be confused with Senate Bill 7-7 (SBx7-7) which is referred to as 20x2020. 

The SBx7-7 legislation was introduced to achieve a 20 percent reduction of statewide per capita 

water use by the year 2020.  This legislation requires each urban retail water supplier to develop 

targets to reduce per capita water use by 2015 and 2020. CALGreen, by requiring water efficient 

fixtures in buildings, will assist the water suppliers to achieve their targets.     

SB407. This legislation establishes requirements for residential and commercial real property 

built on or before January 1, 1994, and includes requirements for replacing plumbing fixtures 

that are not water conserving.  SB 407 is briefly summarized as follows: 

 

• January 2014 – All building alterations must include replacing plumbing fixtures with 

water efficient fixtures. 
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• January 2017 – Seller or transferor of single-family residential or multi-family must 

disclose to purchaser requirement to replace plumbing fixtures with water efficient 

fixtures. 

• January 2019 – All noncompliant fixtures in multi-family must be replaced. 

 

Model Landscape Ordinance (AB 1881). This legislation required local agencies, not later than 

January 1, 2010, to adopt the updated Model Ordinance, or a local landscape ordinance that is at 

least as effective in conserving water as the updated model ordinance. (The ordinance can be 

found in Title 23 Waters Division 2. Department of Water Resources Chapter 2.7 - Model Water 

Efficient Landscape Ordinance.) According to the legislation, if the local agency has not adopted 

the updated Model Ordinance, or a local ordinance, therefore by reference the updated Model 

Ordinance will be applicable within the jurisdiction of the local agency. The City of Benicia has 

not formally adopted either the Model Ordinance or a local ordinance, therefore by reference, the 

updated Model Ordinance is applicable. Studies have estimated that the landscape ordinance will 

reduce outdoor water demands by 25 percent on average statewide. 

 

Measure 2: Volume Reduction 

 

The City’s Urban Water Management Plan outlines many of the water reduction programs that 

the City currently implements, and the Climate Action Plan includes additional potential 

strategies which are noted. Some programs are coordinated though the Solano County Water 

Agency (SCWA).  The following are some of the key programs: 

 

Existing Programs 

• Billing on a tiered water rate system (CAP Strategy WW-1.6. Incentivize Water 

Conservation) 

• Education programs in schools and for water users 

• Residential Water Survey Program 

• Water audit program for commercial, industrial, and institutional (CAP Strategy WW-1.7 

Develop a Business Outreach Program) 

• Feasibility studies for recycled water projects 

• Retrofits for City parks with weather based irrigation controllers 

• SCWA Smart Irrigation Controller Rebate Program 

• Rebates to encourage homeowners to upgrade to more efficient water fixtures (CAP 

Strategy WW-1.5. Incentives for Residential Plumbing Fixtures Upgrades;  SCWA High-

Efficiency Washer Rebate Program and High Efficiency Toilet Rebate Program) 

• SCWA Water Efficient Landscaping Rebate Program  (CAP Strategy WW-1.1 Cash for 

Grass Rebate Program) 

 

Potential Programs 

• Permitting for Gray Water Reuse Systems (CAP Strategy WW-1.2) 

• Implement Residential Rainwater Collection (CAP Strategy WW-1.3) 

• Require Commercial Rainwater Collection (CAP Strategy WW-1.4) 

• Water Reuse Project (CAP Strategy WW-3.3) – see additional discussion below 
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Master Plan Recommendation:  Continue to implement existing programs. 

 

Master Plan Recommendation:  Continue to educate homeowners and promote the benefits 

upgrading water efficient fixtures. Encourage the use of the SCWA rebate programs. (CAP 

Strategy WW-1.5. Incentives for Residential Plumbing Fixture Upgrades.) 

 

Master Plan Recommendation:  Continue to educate homeowners and promote the benefits 

reducing irrigated landscaping. Encourage the use of the SCWA rebate program, Water-Efficient 

Landscaping Rebate Program, as outlined in CAP Strategy WW-1.1. Cash for Grass Rebate 

Program. 

 

Water Reuse. Developing a recycled water system that distributes either raw or recycled water 

for use in place of treated potable water could significantly reduce potable water demand and 

would have multiple benefits. Recycled water represents a locally controlled water source where 

the treatment level can be matched with water quality requirements for the anticipated use. The 

quality of typical potable water often far exceeds water quality requirements for uses such as 

irrigation, toilet flushing, and some industrial processes. Substitution of recycled water for these 

uses would free up potable water for other more appropriate uses, or reduce overall potable water 

demand. Accordingly, recycled water use can reduce or eliminate the need for additional 

imported raw water for treatment to potable water standards or for direct industrial use. 

 

While the additional treatment processes at the wastewater treatment plant to produce a high 

level (tertiary) of recycled water for unrestricted reuse would likely be energy intensive, that 

additional energy use would be offset directly by the reduced amount of raw water that must be 

purchased by the City, conveyed to the water treatment plant, treated to meet drinking water 

standards, and distributed. Use of recycled water would also result in a reduction in the discharge 

of wastewater, currently treated only to secondary standards, to the bay (reducing pollution of the 

ecosystem) and reduced need to pump wastewater at high tide. 

 

Water Reuse at the Valero Refinery: In 2008 the City and the Valero Refinery entered into a 

partnership to evaluate a project to supply up to two million gallons per day of recycled water 

from the City’s wastewater treatment plant to the refinery for use as cooling tower make-up 

water. Using recycled water instead of water from the City’s raw water supply would increase 

the raw water available for the City to treat, and essentially increase the reliability of the City’s 

potable water supply.  It would also reduce the total amount of water that needs to be purchased 

by the City and conveyed thus further reducing GHG emissions associated with that 

transmission. Unfortunately, the project cost was prohibitive. 

 

Water Reuse for Irrigation: The industrial use alternative for recycled water was evaluated over 

urban irrigation because the refinery represents a relatively large, year-round demand. Urban 

irrigation sites, such as parks and sports fields, are located throughout the City, and would 

require an extensive new recycled water distribution system that would be costly to install. The 

irrigation demand is also considerably smaller in volume and seasonal in need when compared to 

the Valero alternative. However, from a sustainability standpoint, the use of recycled water in 

lieu of potable water for irrigation makes sense. 
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Consideration should be given to irrigating the Benicia Community Park on the north side of 

town with non-potable water. The complex is not too far from the raw water conveyance 

pipelines that feed both Lake Herman and the Valero Refinery. The use of raw water could 

replace the use of potable water currently irrigating the fields. For large single point users like 

this, it might also be worth considering if groundwater is available, and if a well could provide 

water for irrigation.  This would eliminate treatment of raw water to drinking water standards for 

irrigation use, and help reduce maximum day demands on the potable water system. 

 

Master Plan Recommendation:  Prepare a feasibility study for irrigation of the Benicia 

Community Park with raw water. 

 

Measure 3: Timing of Water Use 

 

Indoor water use remains relatively constant year-round.  However, outdoor irrigation demands 

can increase average daily demands by several times during warm and windy summer months.  

Much of the water system is sized to meet these maximum day demands, driven primarily by 

outdoor water use.  There are several potential strategies related to timing of use that can reduce 

water system facility demands.  Because there is a direct link between water demand and the 

energy used to supply that demand, if maximum day demands can be reduced, then the size of 

pumps and treatment required to meet that demand can also be reduced. 

 

As an emergency measure, the City regulates outdoor irrigation to occur during evening and 

nighttime hours.  This reduces water wasted by evaporation and also reduces maximum water 

demand loads on the water treatment and delivery systems since household and commercial use 

occur primarily during the day. 
 

Another City implemented emergency strategy is to require even numbered addresses to water 

three days a week and odd numbered houses to water the other three days a week.  This can 

reduce the summer maximum day demands by up to half; essentially meeting half of the outdoor 

irrigation demands each day. 

 

Many communities are implementing restricted outdoor landscape irrigation during all summers, 

not specifically during emergency conditions. Effectively managing the timing of water use 

allows water system facilities to be optimized, and can reduce or defer future construction costs 

and promote water rate stability.  A comprehensive education program in both the schools and 

for the water users would explain the importance of complying with summer watering 

restrictions (save water and help reduce future rate increases). Compliance could be enforced by 

issuing citations. A comparison of maximum day use for non-restricted summer use vs. a 

summer of restricted use would likely show significant reductions of peak usage. 
 

Master Plan Recommendation:  Continue to regulate outdoor irrigation during emergency water 

shortage situations. In the future, re-evaluate the adoption a summer water restriction ordinance, 

to reduce overall water demand by reducing peak usage on maximum days. In addition, the City 

should continue to encourage conservation with suggestions of incorporating xerophytic 

landscaping for residential and commercial properties. 
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INCREASE EFFICIENCY OF WATER SUPPLY SYSTEM FACILITIES 
 

Increased efficiency of water treatment, transmission, and distribution facilities reduces energy 

used at pump stations. Therefore, reduction of associated greenhouse gas emission will lead to 

meeting CAP Objective WW-2: Reduce the Amount of Emissions Resulting from Pumps and Lift 

Stations. 

 

The City should generally specify the most energy efficient pumps and equipment available.  

Although the capital cost may be slightly higher, the payback over the life cycle in both reduced 

operating costs and reduction in GHGs (not currently monetized) will help meet the City’s 

Climate Action Plan objectives.  In addition, as noted above, influencing the timing of water use 

to reduce maximum day demands will allow pumps, equipment, and other facilities to be 

specified to operate in a narrower range and thus be more efficient. 

 

USE ENERGY GENERATED BY RENEWABLE ENERGY RESOURCES 

 

Renewable energy is energy generated from naturally replenishing resources, such as sunlight, 

wind, tides, geothermal heat, and biomass. The use of renewable energy sources in place of fossil 

fuels substantially reduces greenhouse gas emissions. The City has continually sought to 

improve the operational and system efficiency for its water delivery and treatment plant 

operations and influence water demand, recognizing that increasing the efficiency of water 

treatment plant operation and reducing demand will help contribute to meeting CAP Objective 

WW-3: Reduce the Amount of Emissions Resulting from Water and Wastewater Plant operations 

95% by 2020. 

 

However, changing the source of the energy used to operate the facilities can have a substantially 

more significant impact in reaching the 95 percent reduction in emissions goal. The following 

CAP strategies are also directly related: 

 

• Strategy WW-3.1. Install Renewable Energy Systems 

• Strategy E-2.3. Renewable Energy For City Facilities 

 

The opportunity to produce renewable energy on City owned sites has been the subject of a 

considerable amount of investigation and study in recent years, as well as implementation. In 

2008 and 2009, the City conducted feasibility studies on potential wind and solar power 

generation for the water and wastewater facilities, and solar potential at the Benicia Community 

Center. The following is a summary of those studies as they pertain to the water system master 

plan facilities. 

 

Wind and Solar Potential Analysis 

 

In 2009, the City commissioned a solar and wind analysis for water and wastewater treatment 

facilities that identified nine facilities with significant annual energy consumption.  The study 

summarized the annual energy consumption at each site (in kilowatt hours) and annual electric 

bill.  Of those nine facilities, the study considered the solar potential using photo voltaics (PV) at 

six of the sites and wind at one site.  The study estimated the cost of the PV, the annual energy 
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savings, and the percentage of the energy load that could be met using PV for each site. Both 

wind and PV were evaluated for the Water Treatment Plant and PV for the pump stations. 

 

The study concluded that a 250 kW wind turbine at the water treatment plant could supply 37 

percent of the plant’s annual electricity demand. The energy savings would translate into a GHG 

reduction of about 49 metric tons of CO2 per year (456 lbs CO2 per MWh). In addition, the study 

found that two pump stations are potentially viable sites for wind turbines, although a detailed 

analysis of these sites was not included in the scope of this study. 

 

The study also concluded that if 410 kW (DC) of photo voltaics were installed at the Water 

Treatment Plant they could meet 95 percent of the plant’s energy demand generating 610,600 

kWh/yr. 

 

PV projects at the Water Treatment Plant and Pump Stations 1, 2 and 3 have been completed. 

The installation of the solar systems will help the City to meet their goal of 95 percent reduction 

of emissions. The City is tracking GHG reductions for each of the new solar installations.  At 

this time, it is too early to report any of the collected data.       

 

Technological advances related to both PV and wind have been ongoing since the 2008/2009 

studies were completed. PV and wind have both become more efficient and the capital cost per 

kW generated has decreased. In addition, funding mechanisms have expanded, with the 

formation of multiple private organizations prepared to invest in the capital cost of renewable 

energy generation.  Rebate options may have also changed.  Even if there is not a direct cost 

savings for the energy, the City should continue to pursue nonrenewable energy options to meet 

its CAP objectives. 

 

Master Plan Recommendation:  Continue to pursue the installation of either PV or wind energy 

generation at City sites. 

 

CLIMATE CHANGE AND ADAPTATION 

 

Climate change and other impacts that occur as a result of global warming present potential 

challenges for water supply. The City is committed to meet the challenges of climate change by 

preparing for potential future changes.  The City supported the passage of AB 32, the Global 

Warming Solutions Act, which requires California to cut its greenhouse gas emissions by 25 

percent by 2020 and has adopted its own Climate Action Plan. To help mitigate global climate 

change, the City has aggressive goals to save energy by increasing water facility efficiency, 

reducing demand with water conservation measures, and reducing the City’s role in global 

warming by considering energy sources that are renewable. Significant quantities of energy are 

required for the City’s water supply system which includes pumping for transmission and 

distribution, as well as the energy required for treatment processes. In addition, air pollutants are 

generated by the energy consumed at the treatment facility and pump stations. To meet future 

challenges of diminished supplies, the City must prepare for both emergency situations, as well 

as long term goals. 
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Climate Change Effects 

 

Possible outcomes of global climate change include sea level rise, a decrease in snow pack, and 

increased drought. It has been predicted that Northern California’s water supply system will 

likely change in several ways.  

 

Sea Level. The sea level is expected rise in the San Francisco Bay, due to the melting of the 

glaciers and polar ice caps. Sea level rise may lead to increased coastal flooding and saltwater 

intrusion into local groundwater basins and the freshwater San Francisco Bay-San Joaquin Delta 

levee system. The water distribution system in the downtown area and along the shoreline is 

most at risk due to a rise in sea water level. Pipelines could be subjected to saturated soils 

causing corrosion of materials and the possibility of contaminating the drinking water with this 

groundwater intrusion. 

 

Snow Pack. Snow pack in the Sierra Nevada Mountains is expected to decrease because of 

increased air temperatures. This snow pack is a significant source of the water supply for 

Northern California. A decreased snow pack decreases the volume of water available for export 

to Solano County. In addition, warmer temperatures lead to an earlier snow melt. 

 

Precipitation. Precipitation patterns are expected to change. The rainy seasons are expected to 

be shorter in duration and greater in intensity, which could contribute to flooding in some areas. 

 

Increase Water Supply Storage 
 

Increasing the capacity of Lake Herman by either raising the dam parapets or 

excavating/dredging the lake could be considered. This would allow more water to be captured 

and retained in the reservoir in the winter due to heavy rains and reduce the “discharge” of water 

from the reservoir that currently occurs when inflows exceed storage capacity plus outflow 

demands.  

 

Master Plan Recommendation:  Prepare a feasibility study to increase the capacity of Lake 

Herman. 

 

Emergency Action Plan 
 

The City has a 30 day emergency water supply available from storage in Lake Herman. This 

water supply could be fully utilized in case of a long-term decreased supply, temporary 

interruption in the raw water supply coming through the NBA and/or Cordelia water lines, or the 

failure of the raw water transmission main to the treatment facility. 

 

As part of an emergency action plan, the City should identify locations and availability of pumps 

and pipelines that could be used to convey water from other sources. The City should pursue 

agreements with other water purveyors, for example the City of Vallejo, for emergency 

connections. The City currently has excess capacity at the treatment plant. A two-way pipeline 

could benefit both Cities if a key supply is interrupted for any reason such as an earthquake, 

drought, or equipment (pump or pipeline) failure. 
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Master Plan Recommendation:  Continue to pursue interagency agreements and emergency 

connections to increase the water system reliability. 
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Presented in this section is the Capital Improvement Program (CIP) based on the analysis of the 

water transmission, distribution, and treatment systems summarized in Sections 5 and 6. In this 

section, the recommended projects will be developed into a 10-year CIP to represent the staged 

implementation of water system improvements in the distribution system and at the water 

treatment plant. 

 

WATER DISTRIBUTION SYSTEM 

 

Recommended Improvement Projects 

 

The recommended improvement projects and cost estimates resulting from the analysis of the 

distribution system are shown in Tables 8-1 and 8-2. Most of the recommended improvement 

projects are necessary to correct current deficiencies or will immediately improve system 

operation, performance, and reliability (redundancy), if implemented. 

 

Each project will provide benefit to existing or future customers, or both. For each project listed 

in the CIP, the designation of a benefit to new or existing customer is determined to assist the 

City in assigning equitable water rates and connection fees. 

 

The recommended improvements projects in the distribution system can be grouped into three 

areas: 

 

Pipeline improvements: construction of new pipelines and replacement of existing pipelines. 

Replacement pipeline projects will benefit only existing customers; the additional pipelines will 

benefit both new and future customers. 

 

Pump station improvements: capacity and maintenance improvements at the pump stations. 

The capacity-related improvements at the pump stations will benefit future customers; the 

maintenance-related improvements will benefit both new and existing customers. 

 

Future development projects: facilities required for serving future developments – Seeno 

property and the area north of the WTP. These facilities will only benefit new customers. 

 

Capital Improvement Program 

 

The CIP for the water distribution system is shown in Tables 8-1 and 8-2. Table 8-1 shows the 

projects that will benefit existing customers, to be funded by the water operations fund. Table 8-

2 shows the projects that will benefit new customers, to be funded by connection fees. These 

connection fee project costs are shared with existing customers, and therefore the costs are split 

equally between Tables 8-1 and 8-2. 

 

The projects identified in CIP Tables 8-1 and 8-2 resulted from the most recent budget 

preparation concluded prior to completion of this master plan update. The projects listed in 

Section 5 are staggered over the 10 year period to spread costs to each fiscal year in an effort to 

balance annual costs. The timing of projects may change as priorities shift, or funding is 

impacted. 
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Some projects have been placed in the 20-year horizon for future planning purposes.  These 

items include the Benicia-Vallejo Inter-tie and routine maintenance projects such as reservoir 

recoating.   

 

When the 1996 Water Master Plan was published, major developments were planned for the 

Seeno Property and the area north of the City’s WTP. All plans for these developments have 

been on hold due to current economic conditions. In 1996, it was expected that 20 acres of Seeno 

property would be developed by 2010 and the remaining 520 acres developed by 2015.  It was 

also anticipated that 83 acres north of the WTP would be developed by 2015. Again, no 

development plans are in progress.   

 

The storage and pumping capacities identified in this master plan represent the total capacities 

required at buildout for these expected developments based on land use designations.  

Preliminary design of these facilities will be conducted at a later date when planning efforts are 

initiated. Specific facilities will be designed in accordance with approved development plans. 

These facilities will be funded by developers. The costs and timing of the new future 

developments are yet to be determined.  

 

WATER TREATMENT PLANT 

 

Recommended Projects 

 

The recommended improvement projects and cost estimates at the treatment plant are 

summarized in Table 8-3. 

 

The treatment plant was evaluated in three general categories: 

• water treatment plant performance 

• sludge treatment and disposal 

• electrical systems and controls 

 

The facilities in each category were reviewed based on the condition of the existing equipment, 

current capacity, and the ability to meet existing or future anticipated regulations. A particular 

attention was paid to the ease of operating and maintaining the facility.  

 

Capital Improvement Program 

 

The 10-Year CIP for the Benicia Water Treatment Plant is presented in Table 8-3. All of the 

projects in Table 8-3 benefit new and existing customers; therefore, the total project costs are 

divided equally between new and existing customers. 

 

The water treatment plant has undergone improvements commencing in 2006 with modifications 

to the flocculation basins, sedimentation basins, filters and sludge lagoons. The water treatment 

plant is currently able to meet the demands of the City. Due to economic conditions in the past 

few years, development has slowed significantly and residents have reduced their consumption 

rates either because they are practicing conservation or because they are attempting to decrease 

the household utility costs.   
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The highest priority operational improvements have been included in the CIP table and should be 

implemented as funding is available. 

 

The water treatment plant projects identified in CIP in Table 8-3 resulted from the most recent 

budget preparation concluded prior to completion of this Master Plan Update. Projects not 

completed from the previous CIP were either deleted (no longer necessary) or re-entered into this 

current list of projects. Electrical and instrumentation upgrades take a high priority in FYs 2013-

2015. In subsequent years 2015-2017, conversion from chlorine gas to liquid sodium 

hypochlorite is planned along with improvements to the chemical tank farm. The major project 

slated for the treatment plant is construction of the magnetic ion exchange system (MIEX) 

expected to begin in FY 2017.  

 

The remaining projects listed in Section 6 are staggered over the 10-year period to spread costs 

in each fiscal year as much as possible. The timing of projects may change as priorities shift, or 

funding is impacted. On a 20-year horizon, several projects are listed including large 

maintenance items such as reservoir recoating and non-urgent, but desired facilities such as a 

maintenance shop. 

 



 SECTION 8 

 CAPITAL IMPROVEMENT PROGRAM 

 

NV5 8-4 2012 Water System Master Plan 
 

TABLE 8-1 

WATER DISTRIBUTION SYSTEM 

10-YEAR CAPITAL IMPROVEMENT PROGRAM 

OPERATIONS FUND 

 

Project   FY FY FY FY FY FY FY FY FY   

Number Project 2013-14 2014-15 2015-16 2016-17 2017-18 

2018-

19 

2019-

20 

2020-

21 2021-32 Total 

Distribution System                    

1 
New 18-inch transmission main in Park Road 
for Zone 1 (Armory to Oak Road) $504,000             $504,000 

2 
New 24-inch DIP in Park Road for Zone I 
(Reliability)       $357,000       $357,000 

3 
Replace 6-inch DIP in Jefferson Street (Grant 
Street to Park Road)   $110,000           $110,000 

4 
New 12-inch DIP in Adams Street (Grant 
Street to Bayshore Road)   $39,500

a
           $39,500 

5 
New 12-inch DIP in Military West (West 6th 
Street to Plaza de Oro)     $330,500

a
         $330,500 

6 
New 8-inch DIP to loop Drolette Way with 
Corrigan Court       $17,000

a
         $17,000 

7 
New 12-inch DIP in Zone III to serve Pressure 
Zone 3-A       $95,000

a
         $95,000 

8 
New 36-inch transmission main (Reliability 
from WTP to East 2nd Street)         $726,000       $726,000 

9 Benicia-Vallejo Inter-tie               $3,500,000 $3,500,000 

10 P-2 Pump Station MCC Replacement       $300,000         $300,000 

11 
Recoating of R-1 Reservoir (interior & 
exterior)               $300,000 $300,000 

12 
Recoating of R-2 Reservoir (interior & 
exterior)               $300,000 $300,000 

Raw Water Transmission System                    

  36-inch RWTL CP Improvements $200,000 $200,000             $400,000 

  36-inch RWTL Improvements $200,000               $200,000 

  Totals $904,000 $349,500 $330,500 $412,000 $1,083,000 $0 $0 $0 $4,100,000 $7,179,000 
 
a This cost represents half of the total project cost. The project cost is shared equally with the Connection Fee Fund (see Table 8-2) 
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TABLE 8-2 

WATER DISTRIBUTION SYSTEM 

10-YEAR CAPITAL IMPROVEMENT PROGRAM 

CONNECTION FEE FUND
a
 

 

Project   FY FY FY FY FY FY FY FY FY   

Number Project 2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-32 Total 

4 
New 12-inch DIP in Adams Street (Grant 
Street to Bayshore Road)   $39,500b           $39,500 

5 
New 12-inch DIP in Military West (West 6th 
Street to Plaza de Oro)     $330,500c         $330,500 

6 
New 8-inch DIP to loop Drolette Way with 
Corrigan Court       $17,000d         $17,000 

7 
New 12-inch DIP in Zone III to serve 
Pressure Zone 3-A       $95,000e         $95,000 

  Totals $0 $39,500 $330,500 $112,000 $0 $0 $0 $0 $0 $482,000 
 

a The cost for each of these projects represents half of the total project cost. The project cost is shared equally with the Operations Fund (see Table 8-1) 
b Total project cost is estimated at $79,000. 
c Total project cost is estimated at $661,000. 
d  Total project cost is estimated at $34,000. 
e Total project cost is estimated at $190,000. 
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TABLE 8-3 

WATER TREATMENT PLANT 

10-YEAR CAPITAL IMPROVEMENT PROGRAM 

OPERATIONS FUND 
 

  FY FY FY FY FY FY FY FY FY   

Project 2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-32 Total 

WTP PLC Replacement $200,000             $200,000 
Chemical Building Electrical Systems and 
Controls   $690,000           $690,000 

Chemical Tank Farm Improvements     $250,000 $600,000         $850,000 

Magnetic Ion Exchange System (6 mgd)       $800,000 $2,710,000       $3,510,000 
Conversion from Chlorine Gas to Sodium 
Hypochlorite     $300,000           $300,000 

Conversion to Polyorthophosphate         $150,000     $150,000 

Re-Line Sludge Lagoons             $1,600,000 $1,600,000 

Replace Backwash Tank 1             $425,000 $425,000 
Recoating of Chlorine Contact Tank 
(interior & exterior)             $300,000 $300,000 

Totals $200,000 $690,000 $550,000 $600,000 $800,000 $2,710,000 $150,000 $0 $2,325,000 $8,025,000 
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STATE WATER PROJECT CONTRACT WITH SCWA 

























 

 

APPENDIX A-2 

SETTLEMENT WATER AGREEMENT WITH DWR 









































































































 

 

APPENDIX A-3 

VALLEJO AGREEMENT 

































 

 

APPENDIX A-4 

SID AGREEMENT 

















































































 

 

APPENDIX A-5 

STATE WATER PROJECT RELIABILITY - SCWA 









 

 

APPENDIX A-6 

SOLANO PROJECT RELIABILITY - SCWA 













 

 

APPENDIX A-7 

SETTLEMENT WATER 







Year

Term 91 Condition  

Months

Settlement Water 

Months

1984 2.50 9.50

1985 3.00 9.00

1986 1.25 10.75

1987 3.50 8.50

1988 2.25 9.75

1989 2.50 9.50

1990 3.50 8.50

1991 2.50 9.50

1992 6.00 6.00

1993 1.25 10.75

1994 2.50 9.50

1995 0.00 12.00

1996 1.00 11.00

1997 2.00 10.00

1998 0.00 12.00

1999 1.25 10.75

2000 1.50 10.50

2001 3.00 7.00

2002 3.50 8.50

2003 2.00 10.00

2004 3.00 9.00

2005 0.00 12.00

2006 0.00 12.00

2007 4.00 8.00

2008 5.50 6.50

2009 2.50 9.50

2010 1.50 10.50

Min. 6.00

Avg. 8.30

Max. 12.00

SETTLEMENT WATER AVAILABILITY



 

 

APPENDIX A-8 

NBA MAXIMUM FLOW ALLOCATION SCWA 

 





Solano County Water Agency

NBA Maximum Flow Allocation

Table 1 - Maximum Flow Allocation based upon Design Conditions

City Reach Max. Flow (cfs) % of Max. Flow

Fairfield 1 21.5 14%

Vacaville 1 11.1 7%

Suisun 1 2.4 2%

Benicia 3A 31.4 20%

Vallejo 3A 41.7 27%

Napa County 3B 45.6 30%

Total = 154 100%

Note:  The FF/VV peak capacity of 20 cfs has not been included in the total allocation

because the 10th pump has not yet been installed.

Table 2 - Maximum Flow Allocation based upon Actual Conditions

The NBA contains a biofilm that has decreased the flow capacity of the NBA.

DWR has indicated that the current max capacity of the NBA is 130 cfs.

City Reach Max. Flow (cfs) % of Max. Flow

Fairfield 1 18.2 14%

Vacaville 1 9.4 7%

Suisun 1 2.0 2%

Benicia 3A 26.6 20%

Vallejo 3A 35.3 27%

Napa County 3B 38.6 30%

Total = 130 100%

Table 3 - Maximum Flow Allocation during Longfin Smelt Biological Opinion, Pump Curtailment

During dry and critically dry years, the BSPP is curtailed to 50 cfs from Jan-15 to Mar-31.

City Reach Max. Flow (cfs) % of Max. Flow

Fairfield 1 7.0 14%

Vacaville 1 3.6 7%

Suisun 1 0.8 2%

Benicia 3A 10.2 20%

Vallejo 3A 13.6 27%

Napa County 3B 14.8 30%

Total = 50 100%

Notes:

 - While all of the tables list max allocations, SCWA, Napa County, and all of the NBA users

attempt to work with each other, to maximize the use of the NBA.  For example, if the Solano

users are not using their full capacity of the NBA we are fine with Napa County using more

capacity if they need it, and vice versa.  
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TECHNICAL MEMORANDUM       

 
DATE: December 9, 2011 
  
TO:  Scott Rovanpera 

Carrie Wenslawski 
  
FROM: David Zensius, Linda Scroggs 
  
PROJECT: City of Benicia Water System Master Plan Update 
  
PROJECT #: SAB046800 
  
SUBJECT: Regulations Review 

 

 
In general, the City of Benicia (City) water system performs well and complies with California 
Department of Public Health (CDPH) and US Environmental Protection Agency (USEPA) drinking 
water regulations. The system operates under CDPH Water Supply Permit No. 02-91-004, which was 
issued in 1991 and last amended in 2009. According to City staff, the CDPH conducted an inspection of 
the system in 2010 and no deficiencies were reported. 
 
As an initial step in preparing a water system master plan update for the City, applicable current and 
upcoming regulations were reviewed. The goal was to identify gaps between regulatory requirements 
and existing facilities. After gathering available information, meeting with City staff, and visiting key 
facilities, the review focused upon the following specific items: 1) disinfection byproducts; 
2) fluoridation; 3) chemical storage, 4) sludge lagoons, and 5) the regulatory setting for proposed 
projects. Findings are summarized below. 
 
Disinfection Byproducts 
 
Maximum contaminant levels (MCLs) and best available control technologies for disinfection 
byproducts are presented in Table 1. For total trihalomethanes (TTHMs) and regulated haloacetic acids 
(HAA5), the California MCLs are consistent with MCLs included in the federal Stage 2 Disinfectants 
and Disinfection Byproducts Rule (Stage 2 DBPR) [1]. The federal Stage 2 DBPR, however, effectively 
reduces these MCLs by requiring compliance on a locational running annual average (LRAA) basis. The 
LRAA will be calculated at each monitoring location within a distribution system, including monitoring 
locations representing maximum residence time. For reference, California regulations [2] currently 
require public water systems to determine compliance based upon a running annual average of all results 
collected. Water systems serving 10,000 – 49,999 people will need to comply with LRAA requirements 
of the federal Stage 2 DBPR beginning in July 2014. 
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TABLE 1    

MAXIMUM CONTAMINANT LEVELS 

AND BEST AVAILABLE CONTROL TECHNOLOGIES 

FOR DISINFECTION BYPRODUCTS [2] 

 

Disinfection 

Byproduct MCL, mg/L Best Available Control Technology 

TTHMs 0.080 
Enhanced coagulation, enhanced softening, or 
granular activated carbon, with chlorine as the 

primary and residual disinfectant 

HAA5 0.060 
Enhanced coagulation, enhanced softening, or 
granular activated carbon, with chlorine as the 

primary and residual disinfectant 

 
With careful treatment plant operation and strategic seasonal use of North Bay Aqueduct and Putah 
South Canal waters, the City has demonstrated the ability to comply with current and pending 
disinfection byproducts regulations. Adequate removal of dissolved organic carbon (DOC) within the 
existing water treatment plant, however, requires elevated coagulant doses and generates large quantities 
of sludge. The sludge lagoons are heavily loaded, and disposal of dried sludge has been expensive - 
approximately $30,000 annually. 
 
City staff are considering two improvement projects to address the disinfection byproducts issues 
discussed above: 1) installing a magnetic ion exchange system for DOC removal upstream of existing 
flocculation and sedimentation units, and 2) conversion from free chlorine to chlorine dioxide for pre-
oxidation. To confirm the feasibility of magnetic ion exchange, further study of waste disposal 
alternatives and DOC removal rates is needed. Similarly, a chlorine dioxide pre-oxidation trial should be 
conducted to verify performance and develop design criteria. 
 
Another project which may significantly reduce disinfection byproduct formation is relocation of the 
North Bay Aqueduct intake. Moving the intake from the present Barker Slough location to a site on or 
nearer to the Sacramento River could reduce the magnitude of raw water DOC and turbidity variations at 
the City water treatment plant. This costly, legally complex, multi-agency project was discussed in the 
1996 water system master plan [3], and should be further evaluated. 
 
Fluoridation 
 
California drinking water fluoridation regulations (California Code of Regulations, Title 22, Sections 
64433, et. seq) were adopted in 1998, and require public water systems to maintain fluoride levels 
within a climate-specific control range. Specifically, for the average daily air temperature in Benicia, 
these regulations state that the optimal fluoride level is 0.9 mg/L and the control range is 0.8 to 1.4 
mg/L. Hydrofluosilicic acid is injected at the City water treatment plant to achieve compliance. 
 
On January 7, 2011, the US Department of Health and Human Services and the USEPA announced a 
proposal to recommend that public water systems adjust their fluoridation practices to achieve a target 
concentration of 0.7 mg/L instead of using the climate-specific optimal level and control range [4]. 
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Following this announcement, the CDPH recommended that “water systems practicing fluoridation 
operate their fluoridation toward the lower end of their range prescribed in their permit and/or Section 
644332.2, yet remain compliant with the requirements in Section 64433.3(b)” [5]. 
 
Improvements to the chemical storage area (tank farm), chemical feed systems, and controls are planned 
at the City water treatment plant. Possible fluoride dose reductions should be considered during design 
of these improvements. 
 
Chemical Storage 
 
Section 8003.1.3.3 of the California Fire Code [6] includes secondary containment requirements for 
areas in which hazardous liquids are stored, and states that outdoor storage areas shall be designed to 
contain the following: 1) a spill from the largest individual vessel, and 2) the volume of “a 24-hour 
rainfall as determined by a 25-year storm.” Furthermore, incompatible materials, such as acids and 
alkaline caustic liquids which can react violently when mixed, shall be separated from each other in a 
secondary containment system.  
 
The chemical tank farm at the City water treatment plant is equipped with a secondary containment 
system. However, tanks within the secondary containment system contain chemicals (e.g. sodium 
hydroxide and hydrofluosilicic acid) which appear to be incompatible. Adequate separation of these 
tanks should be provided as part of an upcoming chemical tank farm improvements project. A detailed 
evaluation of secondary containment system capacity and structural integrity should also be conducted. 
 
Sludge Lagoons 
 
California Regional Water Quality Control Board (Regional Board), San Francisco Bay Region, General 
Order No. R2-2009-0033 (General Permit) [7] contains waste discharge requirements for discharges 
from certain drinking water treatment facilities. Regional Board staff determined that specific discharges 
from the City’s water treatment plant are eligible for coverage under the General Permit. These 
discharges are described in Table 2. Other discharge types are prohibited. 
 
Signs of leakage and side slope erosion (from wave action) have been observed in the sludge lagoons at 
the City water treatment plant. Re-lining and slope protection should be considered as part of an 
improvement project to prevent possible large-volume discharges which may not be covered by the 
General Permit. 
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TABLE 2    

CITY OF BENICIA WATER TREATMENT PLANT 

SUMMARY OF DISCHARGE TYPES ELIGIBLE FOR GENERAL PERMIT COVERAGE 

 

Discharge Type 

General Description of Discharge Type 

from Section II of the General Permit 

Treatment unit 
leakage 

Some filters and other water treatment units include sub-drains to collect leaks. 
Collected leakage is normally diverted to backwash water settling basins and 
discharged with backwash water. Alternatively, a sub-drain may discharge leakage 
water directly to a storm drain, and through the storm drain to a State water. 

Treatment unit 
dewatering/leakage 

Occasionally, treatment units must be taken out of service for maintenance or for a 
seasonal facility shutdown. In this case, treatment units must be drained or dewatered. 
Drainage water may be diverted to a storage or settling basin before discharge, or may 
be discharged directly to a State water. 

Discharge due to 
pipeline failures 

These are usually non-routine, emergency discharges due to operational or instrument 
errors that cause one or several treatment units to overflow to a State water either 
directly or through a storm drain. 

 
 
Regulatory Setting for Proposed Projects 
 
Potential regulatory compliance issues associated with proposed water system improvement projects are 
discussed briefly below. Specifically, the regulatory setting is summarized for the following proposed 
projects: 1) conversion from chlorine gas to sodium hypochlorite solution; 2) installation of a magnetic 
ion exchange system; and 3) asbestos cement pipe repair, replacement, and connections. 
 
Conversion to Sodium Hypochlorite Solution 

 
Discontinuing the use of chlorine gas and converting to sodium hypochlorite solution has been planned 
for more than 10 years and was recommended in the last water system master plan [3]. In general, the 
process safety and regulatory requirements for sodium hypochlorite solution are simpler and less 
onerous than those that apply to chlorine gas. The following three potential issues should be addressed 
during conversion planning and facilities design: 
 

• Chlorate – Chlorate is not a byproduct of disinfection with chlorine gas. However, chlorate is 
formed when sodium hypochlorite is used, and concentrations typically range from 0.03 mg/L to 
0.20 mg/L [8]. In 2002, the CDPH established a notification level of 0.8 mg/L for chlorate based 
upon observed pituitary gland vacuolization and thyroid gland depletion in rats [9]. Once 
established, a notification level generally stays in place unless it is replaced by a MCL. 

 

• Effects on pH - Chlorine gas and sodium hypochlorite solution have opposite effects on pH, and 
conversion to sodium hypochlorite solution may cause a significant pH increase. Such an 
increase could shift disinfection byproduct formation (less HAAs formed, more THMs formed) 
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within the water system [12]. Also, a review or update of the City’s corrosion control strategy 
may be warranted. 

 

• Secondary Containment - A secondary containment system is required for sodium hypochlorite 
solution storage tanks per the California Fire Code as discussed above. 

 
Magnetic Ion Exchange 

 
For the proposed magnetic ion exchange system at the City water treatment plant, waste handling and 
disposal alternatives would likely include but not be limited to the following: 1) evaporative dewatering 
followed by landfill disposal; 2) evaporative dewatering and mixing with alum sludge, followed by 
landfill disposal; 3) hauling liquid waste to a municipal or industrial wastewater treatment facility, or 
4) discharging liquid waste through a pipeline to the City of Benicia wastewater treatment plant or other 
approved facility. Further information is needed to adequately assess the regulatory setting for each 
alternative. Bench and pilot-scale magnetic ion exchange studies at the City water treatment plant, if 
conducted, should include waste analyses. 
 
In general, for the landfill alternatives, the applicable authority would be the Resource Conservation and 
Recovery Act (RCRA). Depending upon the waste characteristics, the waste would be either: a) non-
hazardous, subject to RCRA Subtitle C, and suitable for disposal in municipal and industrial landfills; or 
b) hazardous, subject to RCRA Subtitle D, and only allowed in a hazardous waste landfill. A 
preliminary review of manufacturer literature suggests that the solid waste may be considered non-
hazardous, particularly if mixed with alum sludge [11]. 
 
For the two liquid disposal alternatives, the applicable authority would generally be the Clean Water 
Act. The receiving wastewater treatment facility must comply with NPDES permit requirements (e.g. 
salinity limitations) while processing the magnetic ion exchange waste. 
 
Asbestos Cement Pipe Repair, Replacement, and Connections 

 

The City’s water distribution system includes significant lengths of asbestos cement pipe that have been 

in service for several decades. This piping will probably be affected by upcoming improvement, 

replacement, and repair projects. 

 

According to the National Emission Standard for Asbestos [12] asbestos cement pipe is a Category II, 

non-friable, non-regulated material when intact. When damaged by construction, demolition, removal, 

or disposal activity, asbestos cement pipe may become friable and subject to 40 CFR 61.150, which is 

the USEPA standard for waste disposal for manufacturing, fabricating, demolition, renovation, and 

spraying operations. Friable asbestos-containing material must be wetted and kept wet during collection 

and transport to an approved site or facility. If asbestos cement pipe is carefully removed using tools that 

do not cause significant damage, it remains non-regulated and disposal with other construction debris is 

acceptable. 
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