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Executive Summary 
The City of Benicia (City) is located in Solano County, on the north side of the Carquinez Strait, as 
shown in Figure ES-1. The City provides water and wastewater services for approximately 
28,000 residents within its service area. The City is also responsible for delivering raw water and 
potable water to the Valero Benicia Refinery (Refinery), which is located within the City’s service area 
(Figure ES-2). 

 

 

 
 

Figure ES-1. Project Vicinity Map 
Source: Benicia General Plan, 1999 
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Figure ES-2. Project Area   
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Due to the severe drought in California and the resulting water supply shortages, the City began the 
preparation of the Water Reuse Study in 2015, which evaluates the feasibility of producing and 
delivering recycled water to the Refinery for cooling tower makeup water and to other City customers 
for landscape irrigation. The Water Reuse Study (Project) would offset up to 2,000 AFY of raw water 
deliveries to the Refinery and approximately 30 to 40 AFY of potable water irrigation demands.  

The City’s water supply portfolio is comprised mainly of State Water Project (SWP) and some federal 
(Lake Berryessa) deliveries. SWP future deliveries are predicted to become more uncertain due to 
reduced snowpack and rainfall, more intense droughts and continued environmental restrictions on 
Delta pumping. For the City, the addition of 2,000 acre-feet per year (AFY) of recycled water would 
increase future water supply reliability by 30 percent. Therefore, a recycled water project would 
provide the City with a secure, energy-efficient, drought-proof, and reliable water supply so that the 
City can reliably provide water service to its customers.  Without a recycled water project, the City will 
have to rely on short-term water transfers and exchanges to secure water during shortages. This 
approach can be challenging and expensive due to the high demand for exchanges when SWP and 
federal deliveries are curtailed. 

The Project consists of producing up to 2.0 million gallons per day (mgd) of recycled water at the 
City’s WWTP and delivering it to the Refinery via a new recycled water conveyance pipeline.  Figure 
ES-3 presents the daily average supply (wastewater effluent) and the daily average demand (cooling 
tower makeup water demand).  As illustrated in Figure ES-3, at times of the year, the City’s need to 
discharge will be significantly reduced and/or eliminated because the demand is almost equal to the 
supply. A 0.5 million gallon (MG) recycled water storage tank is included in the Project to provide 
storage for meeting peak day and peak hour demands.  Equalization at the WWTP is also 
recommended to balance the diurnal variations in supply versus demand. 

 

 
Figure ES-3. Recycled Water Supply and Cooling Tower Makeup Demands  
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As part of the Project, the City worked with the Refinery to establish recycled water quality 
specifications that meet the State of California’s Department of Drinking Water’s (DDW) Title 22 
recycled water requirements for unrestricted reuse and to protect the Refinery’s assets.  Table ES-1 
below provides an overview of select constituents of the established recycled water specifications. 
The City’s WWTP effluent was compared to the recycled water specifications to establish the basis 
for treatment upgrades; the parameters in Table ES-1 are the key parameters that the proposed 
treatment upgrades are based on. The complete list of recycled water specifications is detailed in 
Section 4.4.3 of this report.  

 
Table ES-1. Select Recycled Water Specifications 

Parameter Average Monthly Limit 
Cooling Tower Makeup Water Basis for Specification 

Ammonia < 1 mg/L as NH3 Protection of Refinery’s Assets 

Phosphate 2.2 mg/L as PO4 Protection of Refinery’s Assets 

Total suspended solids 5 mg/L Protection of Refinery’s Assets 

Chloride 188 mg/L Protection of Refinery’s Assets 

Turbidity 2 NTU DDW Title 22 Regulations a 

Total coliform 2.2 most probable number (MPN)/100 milliliters (mL) DDW Title 22 Regulations b 

a. Daily average not to exceed value is shown. Effluent shall not exceed value of 5 NTU more than five percent of the time over 
a 24-hour period and effluent shall not exceed 10 NTU at any time. 

b. Seven-day median not to exceed value. Effluent shall not exceed a total coliform concentration of 23 MPN/100 mL more 
than once over a 30-day period and shall not exceed 240 MPN/100 mL at any time. 

Eighteen treatment technologies were screened against economic and non-economic criteria and 
seven technologies were further developed into treatment train alternatives. The treatment 
technologies carried forward include: 
• Modified Ludzack Ettinger (MLE) activated sludge to achieve nitrification and denitrification, 
• Tertiary Membrane Bioreactor (TMBR) to achieve nitrification and filtration in one step, 
• Chemical addition using aluminum sulfate (alum) for precipitation of phosphate,  
• Cloth Media Filtration for total suspended solids removal, 
• Chlorination for disinfection, 
• UV disinfection, and 
• Potable water blending for chloride reduction. 

The City performed a wastewater effluent characterization study from September 2015 through 
September 2016. The characterization study demonstrated the variability in chloride concentrations 
in the City’s effluent; the effluent chloride concentrations are below 188 mg/L at times of the year 
and at other times the effluent has greater than 188 mg/L chloride concentrations.  Additionally, the 
City’s raw/potable water supply has chloride concentrations that are typically at or below 50 mg/L. 
Due to the low chloride concentrations in the City’s raw/potable water, and the variability of the 
chloride concentration in the City’s effluent, treatment technologies such as reverse osmosis or ion 
exchange were not selected for further development due to their high capital and operating costs. 
Additionally, the City is currently performing a source control investigation to identify chloride sources 
in the collection system and to identify modifications that could reduce chloride in the wastewater 
effluent.  As an interim solution, blending recycled water with raw/potable water was determined as 
a technically feasible and cost effective solution. 
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Two treatment alternatives were developed and evaluated against a set of economic and 
non--economic criteria for the production of recycled water.  The alternative that provided the most 
economic and non-economic benefits consisted of: expansion of the City’s existing activated sludge 
system to achieve nitrification, chemical addition for phosphorus removal, filtration for solids 
reduction and chlorination for disinfection. Figure ES-4 provides a plan of the new and expanded 
facilities at the WWTP. 

 
Figure ES-4. Proposed Treatment Upgrades at the City’s WWTP 

Three conveyance pipeline alignment alternatives were evaluated for the recycled water distribution 
system and a preferred alignment was selected. Three conveyance scenarios were then developed 
using the selected alignment. The scenarios evaluated different recycled water storage locations and 
pump station conditions (Figure ES-5). The alignments and scenarios were evaluated against 
economic and non-economic criteria.  The recommended conveyance scenario (Conveyance 
Scenario 3) consists of constructing the pipeline below-grade in City right-of-ways, locating a 0.5 
million gallon (MG) recycled water storage tank at the Refinery with a pump station at the WWTP, as 
shown in Figure ES-5.  
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Figure ES-5. Proposed Recycled Water Conveyance Pipeline and Storage 
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The capital and operating costs for the recycled water treatment and conveyance system are 
presented in Table ES-2. Table ES-3 presents the unit costs for years 2020, 2025, and 2035, 
assuming an annual average recycled water delivery of 1.7 MGD and an annual escalation rate of 
three percent. Three potable water blending scenarios, to meet the established recycled water 
specifications, were considered for the recycled water unit costs. As noted in Table ES-3, the cost of 
recycled water is greatly reduced when potable water blending is not required. 

 
Table ES-2. Project Capital and Operating Costs  

Element Cost ($millions) 

Total Construction Costs (Treatment, Conveyance and Storage)a $ 20.1 

Total Capital Costs a $ 27.2 

Annual Operating Costs b $ 0.85 

Potable Water Blending Costs 
Years 1 – 5 :75% Recycled Water: 25% Potable Water 
Years 6 –10: 85% Recycled Water: 15% Potable Water 

 
$1.0 
$0.6 

a. Construction and capital costs escalated and presented in 2019 dollars (midpoint of construction) 
b. Annual operating costs are presented in 2016 dollars 
c. Unit cost of potable water of $2,210 was used based on City’s 2016 rate study.  

 
Table ES-3. Recycled Water Unit Costsa 

Description 
Year 

2020 2025 2030 

Blend Scenario 1: 75% Recycled Water, 25% Potable 
Water    

Unit Costs with Grantsb $1,500 $1,670 $1,870 

Unit Costs without Grantsc $1,720 $1,890 $2,090 

Blend Scenario 2: 85% Recycled Water, 15% Potable 
Water    

Unit Costs with Grantsb $1,240 $1,370 $1,520 

Unit Costs without Grantsc $1,460 $1,600 $1,750 

No Potable Water Blending    

Unit Costs with Grantsb $855 $925 $1,000 

Unit Costs without Grantsc $1,080 $1,150 $1,230 

a. Unit costs were developed using the annual costs and dividing by the annual average water use of 
1,900 AFY or 1.7 MGD. Operating costs were escalated to the year indicated using a 3 percent 
escalation factor.   

b. A grant equal to 35% of the capital costs was assumed (total grant value is $9,502,800). The 
remainder of capital costs assume financing with low interest loans at an interest rate of 2 percent. 
Annual debt service includes capital, operating costs and potable water blending costs in Table ES-2. 

c. Capital costs were financed using low interest loans. Unit costs assume annual debt service for project 
without grants and operating costs, and potable water blending costs in Table ES-2.  
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Based on the findings of the Feasibility Study, the Project was determined to be technically feasible.  
Recycled water can be produced at a rate that is less than the cost of potable water. A key to 
maintaining lower recycled water costs is to reduce the need for blending recycled water with potable 
water. The recommended next steps for the Project include the following: 
• Continued coordination with the Refinery to develop a recycled water agreement that addresses 

recycled water specifications and rate structure, 
• Development of a rate structure for the various recycled water use (industrial, irrigation, etc), 
• Outreach to City irrigation customers to confirm interest to converting to recycled water for 

irrigation, 
• Initiate discussions with permitting agencies such as the BAAQMD, DDW and SFRWQCB,  
• Development of a maintenance agreement with the Refinery for maintenance of pipeline and 

storage tank facilities on the Refinery’s property, and 
• Continued engineering development of treatment and conveyance project details. 
• Continued investigation of source control measures for the reduction of chloride in the City’s 

wastewater effluent. 
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Section 1 

Project Area 
This section of the report provides an introduction of the objectives of the City of Benicia’s Water 
Reuse Study and an overview of the project area. 

1.1 Introduction 
Located in Solano County in the greater San Francisco Bay, the City of Benicia (City) sits on the north 
side of the Carquinez Straight, the waterway link between the Sacramento-San Joaquin Bay-Delta 
Estuary and the San Pablo Bay.  This City encompasses approximately a 14 square mile area 
bounded by Solano County to the north, Suisun Bay to the east, the Carquinez Straight to the south, 
and the City of Vallejo to the west, as shown on Figure 1-1. 

 

 
Figure 1-1. City of Benicia vicinity map 

Source: Benicia General Plan, 1999 
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The City is responsible for water and wastewater services including water supply management, 
treatment, and distribution and wastewater collection, treatment, and discharge for approximately 
28,000 residents within its service area, as shown on Figure 1-2.  The City is also responsible for 
providing raw water and potable water to the Valero Benicia Refinery (Refinery), which is located 
within the City’s service area. 

 

 
Figure 1-2. City of Benicia service area 

Source: 2012 City of Benicia Water System Master Plan (NV5, 2012). 
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The City relies on three sources of water: imported water from the State Water Project (SWP), which 
provides the majority of water for the City, imported water from the Solano Project which typically 
provides approximately 20 percent of the City’s water, and water from the local Lake Herman 
watershed.  The long-term reliability of the City’s water supplies is uncertain as a result of decreased 
allotments the City has received from its raw water sources, particularly in drought years, coupled 
with the current drought in California.   

In 2015, the City retained Brown and Caldwell to evaluate the feasibility of producing and delivering 
tertiary treated recycled water to the Refinery for use as cooling tower makeup water as well as to 
other City customers for non-potable uses.  The City currently supplies the Refinery with 
approximately 4 million gallons per day (mgd), equivalent to 4,480 acre-feet per year (AFY), of raw 
water, which represent approximately 40 percent of the City’s total raw water supply. The proposed 
project would produce and deliver tertiary filtered and disinfected recycled water to offset raw water 
demand by 2 mgd, nearly 20 percent of demand, thereby increasing the reliability of the City’s 
potable water supply. Figure 1-3 provides an overview of the project area and identifies the location 
of the City’s WWTP and the Refinery. 
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Figure 1-3: Project Area  
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1.2 Study Area Characteristics 
The study area for the proposed project is entirely within the City limits. The subsequent sections 
describe the current and projected characteristics of the study area. The proposed project, which is 
described in detail in Section 6 would produce and deliver recycled water to the Refinery for use as 
cooling tower makeup water, and to City customers for non-potable uses along the recycled water 
pipeline alignment.  

1.2.1 Physical Characteristics 
The City is situated on a peninsula with a rolling hill topography ranging in elevation from sea level to 
1,160 feet (General Plan).  The general topography of the City and planning area considered in the 
General Plan is shown in Figure 1-4. 

 
Figure 1-4. City of Benicia Topographic Map 

Source: 2012 Water System Master Plan. 
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There are a total of five individual watersheds within the City and planning area as shown on Figure 
1-5 below. The majority of the City is located within the Sulphur Springs Watershed which is formed 
by Sulphur Springs Creek and its primary tributary Paddy Creek. This watershed also includes Lake 
Herman.  All watersheds drain to the Carquinez Strait and Suisun Bay. Section 2 provides details on 
the City’s surface and groundwater characteristics. 

 
Figure 1-5. City of Benicia Watershed Map 

Source: General Plan. 
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Beneficial uses of Carquinez Strait include industrial service supply, commercial and sport fishing, 
estuarine habitat, fish migration, preservation of rare and endangered species, spawn, wild, water 
contact recreation, noncontact water recreation, and navigation.  Suisun Bay beneficial uses include 
industrial service supply, industrial process supply, commercial and sport fishing, estuarine habitat, 
fish migration, preservation of rare and endangered species, recreation, and navigation. 

1.2.2 Land Use and Population 
The General Plan for the City, adopted in June 1999 and updated in April 2016, shows that land use 
within the City’s service area is a mixture of open space, residential, commercial, industrial and 
mixed use as shown in Figure 1-6 (General Plan Update, 2005). Projected land use is anticipated to 
remain relatively unchanged within the City (General Plan Update, 2016). The City has almost 
reached build out and growth is expected to occur as either infill projects or in the northeastern area 
of the City. Infill is assumed to add one residential housing unit and one commercial unit annually. 
The General Plan identified an Urban Growth Boundary which is the extent to which the City will 
provide water and wastewater service in an effort to focus growth and prevent urban sprawl.   
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Figure 1-6. City of Benicia Land Use 
Source: Benicia General Plan Land Use Diagram (2005) 
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The City experienced rapid growth starting in the 1970s which has slowed in recent years; an 
approximately 10 percent increase in population occurred between 1990 to 2000 which slowed to 
under one half percent between 2000 and 2010 as shown in Table 1-1 below.   

 
Table 1-1. Historical Population 

Year 1960 1970 1980 1990 2000 2010 

Populationa 6,070 8,783 15,376 24,437 26,865 26,997 

Percent Increase 
Over the Past 10 
Years 

NA 44.7% 75.1% 58.9% 9.9% 0.5% 

a. Source: Bay Area Census Record 

 

The City’s population projections were recently updated as part of its 2015 Urban Water Master Plan 
(2015 UWMP) using the California Department of Water Resources’ (DWR’) Population Tool (City of 
Benicia’s 2015 Urban Water Management Plan, adopted June 21, 2016). The population projections 
estimate an approximately one percent annual growth rate to 2040, as shown in Table 1-2 below. 

 
Table 1-2. Historic and Projected Population 

Year 
Population from 

2010 UWMP 
Revised Population for 

2015 UWMP 

2000 26,865 26,865 

2001 27,155 26,878 

2002 27,188 26,891 

2003 27,123 26,905 

2004 27,005 26,918 

2005 27,163 26,931 

2006 27,159 26,944 

2007 27,768 26,958 

2008 27,830 26,971 

2009 27,912 26,984 

2010 28,086 26,719 

2015 28,504 26,644 

2020 28,929 27,908 

2025 29,360 29,246 

2030 29,800 30,650 

2035 30,100 32,120 

2040 N/A 33,661 

 

The population projections are consistent with the General Plan land use projections; minimal growth 
is anticipated within the City limits. 
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Section 2 

Water Supply Characteristics and 
Facilities 
The City’s water supply sources, water quality, and volumes of contracted supply and average 
demands are described in this section.  Also discussed are the City’s facilities for water transmission, 
treatment, and distribution. 

2.1 Current and Projected Water Supply Sources 
As previously stated, the City’s water supplies are derived from three surface water sources: import 
from the State Water Project (SWP), import from the Solano Project, and local surface water from 
Lake Herman. Table 2-1 shows the contracted water supply for each source. Raw water is treated at 
the City-owned Water Treatment Plant (WTP) and distributed by the City within the service area. The 
water supply sources are described in greater detail in this section as well as in the City’s 2012 
Water System Master Plan and 2015 UWMP. 

 
Table 2-1. Contracted Water Supplya 

Source Contract Amount (AFY) 

State Water Projectb 26,575 

Solano Projectc 3,100 

Lake Hermand 500 

Total 30,175 

a. From 2015 UWMP. 
b. The SWP amount consists of 16,075 AFY contract amount with Solano County 

Water Agency and 10,500 AFY from Settlement Water. Mojave banking and 
exchanging amounts are not included as this volume of water is generally 
within the allotment amount and is a water management option that does not 
increase SWP allotments necessarily.    

c. Includes 1,100 AFY through 1962, and subsequently amended, agreement 
with City of Vallejo and 2,000 AFY through 2009 agreement with Solano 
Irrigation District. 

d. Water Supply available from Lake Herman is based on historical observation.  

 

2.1.1 Imported Surface Water 
The water supply portfolio for the City is comprised of almost entirely of imported water from the SWP 
and the Solano Project. 

2.1.1.1 State Water Project 

The SWP water supply is derived from Lake Oroville and water rights for Sacramento and San 
Joaquin River system flows and delivered to the City through an agreement with Solano County Water 
Agency (SCWA).  SCWA contracts with the Department of Water Resources (DWR) for the SWP water 
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who diverts water under an appropriative right that allows water diversion that is not needed to meet 
in-Delta need (WSMP, 2012). The City’s SWP contract, which runs through 2035 and can be 
renewed, is for 17,200 AFY and is the primary source of water for the City.  However, in 1985 the 
cities of Benicia, Fairfield, and Vacaville agreed to reduce their annual allotment to provide the cities 
Rio Vista and Dixon with SWP which would drop the City’s allotment to 16,075AFY.  This reduced 
allotment amount has been used in the 2015 UWMP and this Feasibility Study for planning 
purposes.  This agreement further allows for flexibility in managing water supply with the ability to 
bank and carryover water from year to year. 

In addition to the SWP contract amount, the City also has rights to an additional 10,500 AFY of water 
from the Sacramento River that is not SWP water, termed Settlement Water. This water supply right 
is the result of a settlement between DWR and the Cities of Fairfield, Vacaville, and Benicia whom 
asserted a priority right for water from the Sacramento-San Joaquin Delta under the Watershed-of-
Origin Statute1.  Settlement water is conveyed to the City using the SWP delivery system, as 
described in Section 2.2; however, availability is restricted with Standard Water Right Term 912 is in 
effect.  The City typically uses Settlement Water in the spring and fall when it is most often available; 
however, the City may elect to use only Settlement Water when the supply is available (i.e. when 
Term 91 is not in effect) and capacity allows. Similar to the SWP, the Settlement Water Agreement 
runs through 2035 and can be renewed; however, settlement water cannot be banked or used for 
carryover.    

Table 2-2 summarizes the historical SWP allocations through the two agreements. 

 
Table 2-2. SWP Allocations 

Year SCWA Agreement (AF) Settlement Water (AF) 

2010 3,384 158 

2011 2,583 900 

2012 0 900 

2013 1,724 135 

2014 0 1,580 

2015 0 504 

 

As noted, the SCWA agreement allows the city to bank and carry over a portion of the allocations for 
future years to manage water supplies which include acquisition of water under Article 21 of SCWA’s 
contract.  Additionally, the City had an agreement with Mojave Water Agency which used 
groundwater banking.  This agreement expired in 2015 and will not be renewed. The historical 
allocations of SWP water derived from these management tools is presented in Table 2-3. 

 

                                                      
1 The purpose of the Watershed-of-Origin Statute alleviate concerns of users of water in a geographic area that water 
originating in the geographic area would be protected from depletion that may result from the export of water to other 
geographic areas.   
2 The Standard Water Right Term 91 requires the SWP and the Federal Central Valley Project to release stored water to 
meet water quality metrics (primarily flow and salinity) when natural flows are insufficient. 
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Table 2-3. Additional SWP Allocations (AF) 

Year Carryover Mojave Article 21 

2010 1,689 3,000 0 

2011 0 0 4,278 

2012 7,014 0 384 

2013 8,030 0 193 

2014 3,351 1,000 0 

2015 4,247 1,000 0 

 

The cost for all SWP is $352,600 per year and is based on the full contract amount, regardless of 
the amount received.  This equates to a SWP unit cost of approximately $21.93/AF, if the full 
allotment of 16, 075 AF is received. Though Settlement Water is an area of origin water, the City 
pays a conveyance fee of $34.66/AF for that water source. 

2.1.1.2 Solano Project 

The Solano Project is a U.S. Bureau of Reclamation (USBR) operated facility primarily located in 
Solano County. It derives water from Putah Creek, which drains to Lake Berryessa, the reservoir 
behind Monticello Dam.  The primary supply source for the Solano Project is Lake Berryessa located 
in the Vaca Mountains in Napa County and formed by Monticello Dam.  Lake Berryessa is a federal 
water project operated by the USBR. The Solano Project stores water in Lake Berryessa behind 
Monticello dam for delivery to end users in Solano County.  

The City obtains water from the Solano Project through wholesale contracts with the City of Vallejo 
and the Solano Irrigation District (SID). The agreement with the City of Vallejo, which expires in 2025, 
allots 1,100 AFY of Vallejo’s Solano Project water at a cost of $337.33/AF.  The allotment included 
in the agreement with SID provides the City with 2,000 AFY of Solano Project water at a cost of 
$70.23/AF.  Allocations of water under the SID agreement are directly tied to SID’s allocations.  For 
example, a 10 percent reduction in SID’s allotment results in a 10 percent reduction to the City, or 
200 AF in this case.  The long term reliability of this water source is unknown since the allocations 
from Vallejo will likely be tied to the long term projections and needs of Vallejo as well as the overall 
availability of this water source and allocations. Table 2-4, summarize the allocations the City 
received of Solano Project water from each of the wholesalers. 

 
Table 2-4. Solano Project Allocationsa 

Year Vallejo Agreement (AF) SID Agreement (AF) 

2010 841 1,177 

2011 729 1,868 

2012 2,200 2,088 

2013 1,100 269 

2014 1,100 809 

2015 1,100 0 

a. Source: 2015 UWMP 
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The City is able to carryover a portion of its allotment from SID for future years and was able to 
exercise this ability in 2012 since delivery of Solano Project Water exceeded the 2,000 AF allotment.   

2.1.2 Local Surface Water 
The City’s water supply portfolio includes a small amount of local surface water from the Sulphur 
Springs Valley Creek watershed.  Under the Water Right License 4900, the City is able to divert 1.4 
cubic feet per year from Sulphur Springs Valley Creek and 1,200 AFY in storage from Lake Herman 
(2015 UWMP). Lake Herman is a 1,400 AF artificial reservoir originally built at the time of the City’s 
foundation which is used by the City to store water derived from the watershed as well as to store 
additional water delivered through the Solano Project and North Bay Aqueduct.  Withdrawal from 
Lake Herman is limited to 800 AFY under License 4900. The amount of water used by the City as 
well at the amount diverted and stored in Lake Herman under License 4900 is presented in 
Table 2-5. 

 
Table 2-5. Lake Herman Diversion, Storage and Use Under License 4900a 

Year Diversion and Storage (AFY) Amount Used (AFY) 

2010 620 179 

2011 843 527 

2012 950 217 

2013 1,039 371 

2014 1,048 1,884 

2015 750 750 

a. Source 2015 UWMP. 

 

Due to the low and variable yield, Lake Herman is primarily used as a backup or peaking supply for 
the Refinery, an emergency water supply source, and as a means to regulate raw water supplies 
coming into the City’s system from alternative sources.  

2.1.3 Groundwater 
There is one groundwater basin that is partially located within the City as identified by DWR Bulletin 
118, the Suisun-Fairfield Valley Groundwater Basin.  The Suisun-Fairfield Valley Groundwater Basin 
has a 208 square mile surface area and is bounded by the Coast Mountain Range in the west, the 
Vaca Mountain in the north, and low ridges of rock in the east.  The principle groundwater-bearing 
aquifers in the groundwater basin are comprised of alluvial deposits and some volcanic rocks with 
general flow towards Suisun Bay. Recharge of the aquifers occurs naturally through precipitation 
infiltration within the basin. A groundwater depression was observed in the 1950s which has 
generally been eliminated through the use of alternative water supplies for municipal and irrigation 
use.   

The City currently does not use groundwater as a water source, does not have groundwater wells, 
and does not plan to use groundwater in the future (2015 UWMP). The 2015 UWMP identified 
conjunctive groundwater use as a good option for the City because it would free up surface water for 
the City since they have poor quality groundwater.   
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2.1.4 Additional Sources 
Additional water supply sources are limited for the City and primarily rely on water transfers and 
exchanges.  As part of the 2015 UWMP, additional water supply sources were identified. These are 
summarized below:  
• Spot Transfers/Vacaville Water Transfer Agreement: This agreement is between the Cities of 

Vacaville and Benicia, and was developed in response to the severe drought in 2014.  The 
agreement allows the City to purchase up to 4,000 AF, in 1,000 AF increments, from the City of 
Vacaville’s Solano Project Carryover Water stored in Lake Berryessa. In 2014, the City purchased 
2,000 AF in July and another 2,000 AF in December from the City of Vacaville for $900,000 
(equates to approximately $225/AF); these costs were passed on the ratepayers in the form of a 
drought surcharge.   

• Transfer or Exchange Opportunities: Water transfer or exchange opportunities may be possible 
with other SWP and Solano Project water right holders as discussed in detail in the 2015 UWMP. 

• Potential Solano Water Authority Projects: The Solano Water Authority is a joint powers authority 
comprised of the seven cities, three agricultural districts and county that provides a mechanism 
where agencies may participate to jointly fund water projects.  Two projects the City could elect 
to participate in include the Noonan Reservoir project which would provide additional storage of 
SWP and Solano Project water and the Highline Canal project which would allow for the 
exchange of SWP for Solano Project water. 

Indirect and direct potable reuse and desalination are potential alternative water supply options but 
are not currently being considered by the City as a viable source of water, as noted in the 2015 
UWMP. Also as noted in the 2015 UWMP, the City’s proximity to brackish and salt water sources 
provide an opportunity to consider desalination.  Desalination, indirect potable reuse and direct 
potable reuse are currently not being considered by the City due to the high capital and operating 
costs and the environmental and permitting challenges associated with the options. 

2.1.5 Water Supply Projections 
Projections of the City’s water supply through 2040 was completed as part of the 2015 UWMP as 
well as an assessment of the reliability of the supplies under certain hydrologic and regulatory 
conditions.  These conditions are terms the Normal Year, Single Dry Year, and Multiple Dry Year.  A 
summary of the supply projections under these conditions is presented in Table 2-6.   

 
Table 2-6. Water Supply Projections through 2040 (AFY) 

Source Normal Year 
Single Dry 

Year 
Multiple Dry Year 

1 2 3 

SWP 12,556 3,784 4,128 4,128 3,784 

Settlement 10,500 3,000 3,000 2,000 2,000 

Solano 3,100 3,060 3,060 2,880 2,880 

Carryover 4,750 2,750 2,750 2,600 2,600 

Total 30,906 12,594 12,938 11,608 11,264 

Source: 2015 UWMP 

 

As shown in Table 2-6, use of carryover water will be necessary for the City to effectively use the 
available supplies. 
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2.2 Existing Water Treatment and Distribution Facilities 
The City's existing water system consists of raw water supply and transmission, treatment, storage, 
and distribution facilities as described in this subsection. 

2.2.1 Raw Water Transmission System 
The City’s raw water transmission system is comprised of two pump stations and approximately 
75,000 feet of transmission pipelines as shown in Figure 2-1 below.  The SWP supply is diverted 
from Barker Slough on the Sacramento-San Joaquin River Delta and conveyed to the Cordelia 
Pumping Plant via the North Bay Aqueduct.  The Solano Project water is conveyed to the City via the 
Putah South Canal Terminal Reservoir to the Cordelia Pump Station.  The SWP and Solano Project 
water are conveyed to a diversion structure at the City’s Water Treatment Plant (WTP) via a 36-inch 
transmission pipeline.  The diversion allows for raw water to be diverted to serve the Refinery via a 
pump station and pipeline as well as excess water flows to be diverted to Lake Herman via a gravity 
pipeline. 
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Figure 2-1. Map of Benicia’s Raw Water System 

Source: 2015 UWMP. 
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Water diverted or stored in Lake Herman is conveyed to the WTP when imported water supplies are 
low or interrupted. 

2.2.2 Water Treatment Facilities 
The City owns and operates the 12 mgd WTP that was originally constructed in 1971 with 
improvements made in 1989 to increase capacity and in 2006 to increase reliability and 
redundancy.  Raw water is treated in a series of steps which includes the following: 
• Coagulation with the use of coagulating chemicals 
• Flocculation/sedimentation in basins 
• Filtration using dual media filters consisting of granular activated carbon and sand 
• Chlorine disinfection 
• pH adjustment for corrosion control 
• Fluoridation 

Annual production of the water treatment plant ranged from 1,783.5 to 2,175.8 million gallons per 
year (MG/year) between 2002 to 2015 (2015 UWMP). The City does not provide treatment of raw 
water prior to delivery to the Refinery. 

2.2.3 Potable Water System 
The water distribution system consists of six reservoirs with a total of 12.8 MG storage, three pump 
stations and a pipeline distribution system.  A schematic of the is shown in Figure 2-2.  The 
distribution system is divided into three pressure zones, as shown in Figure 2-3. 

 

 
Figure 2-2. Potable Water System Schematic 

Source: 2012 Water System Master Plan 
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Figure 2-3. Potable Water System Zones 

Source: 2012 System Water Master Plan 
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2.3 Water Use Trends 
Water use within the City is comprised of residential, commercial, industrial, and landscape 
irrigation.  The single biggest user of water is the Refinery which comprises approximately 50 percent 
of the water demand.  The City has a contractual agreement with the Refinery to provide 5,800 AFY 
of raw water which is used for industrial process water. Historically, the Refinery’s demand has 
ranged between 4,528 to 4,850 AFY (WSMP, 2012), of which approximately 2,000 AFY is used as 
makeup water for the cooling towers. 

In recent years, water demands have remained relatively constant, averaging approximately 5,460 
AFY for potable water and 4,800 AFY for the Refinery raw water demand.  Water use declined in 
2014 and 2015 as a result of conservation measures in response to the significant drought 
impacting California and the City’s water supplies. Table 2-7 shows the annual water use from 2010 
to 2015 for potable and raw water. 

 
Table 2-7. Historical Water Demands (AFY)a 

Year Potable Water Use Refinery Raw Water Use Total Water Use 

2010 5,500 4,792 10,292 

2011 5,608 4,541 10,149 

2012 5,822 4,942 10,764 

2013 6,479 4,716 11,195 

2014 5,169 4,792 9,961 

2015 4,189 5,011 9,200 

a. Source 2015 UWMP. 

 

Water demand projections within the City’s service area were developed as part of the 2015 UWMP 
and reflect the combination of continued conservation by existing customers and a modest increase 
resulting from addition of new customers over the planning horizon. Projected demands are 
expected to remain relatively constant, with a slight decrease from 2020 to 2040.  The demand 
forecast assumes the Refinery will use the full amount allowed per the agreement between the City 
and Refinery.  The projected demands are shown in Table 2-8. 

 
Table 2-8. Projected Water Demands (AFY) 

Water Demand Type 2020 2025 2030 2035 2040 
Potable Water 

Residential 4,375 3,933 3,676 3,757 3,855 

Commercial/Industrial 546 546 609 686 726 

Landscape Irrigation 684 684 676 706 706 

Total Potable Water 5,605 5,163 4,961 5,150 5,287 

Raw Water - Refinery 5,800 5,800 5,800 5,800 5,800 

Estimates System Losses 835 573 551 572 587 

Total Demand 12,240 11,540 11,310 11,520 11,670 

Source – 2015 UWMP 
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2.4 Water Quality 
Raw water quality varies throughout the year. During the winter months, especially after heavy rains, 
raw water can be turbid with high total organic compound concentrations and low alkalinity. The City 
blends SWP with Lake Berryessa water to reduce total organic compounds and turbidity in the raw 
water. The City is able to reliably treat and produce potable water that meets drinking water 
standards.  

The variable raw water quality does present challenges to the Refinery; the Refinery owns and 
operates their own raw water pretreatment facility to produce suitable water for their industrial 
processes. As noted in Section 2.1 of TM 1 (Appendix B), the raw water delivered to the Refinery 
typically has low conductivity (average of 350 microSiemens per cm [µS/cm]), low total hardness 
(120 milligrams per liter [mg/L] as calcium carbonate [CaCO3]), low chloride (20 mg/L), and non-
detectable levels of ammonia (NH3) (less than 0.2 mg/L as NH3). Total suspended solids and 
turbidity vary seasonally. Figure 2-4 presents turbidity of raw delivered to the Refinery from 2010 
through 2015.  

 

 
Figure 2-4. Raw Water Turbidity (Delivered to the Refinery - July 2010 to June 2015) 
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2.5 Summary of Water Supply Projections, Demands, and 
Reliability  

A summary of the water allocation the City received since 2003 is provided in Table 2-9 below.   
 

Table 2-9. Summary of Water Supply Allocations 

Year 

Settlement (AFY) SWPa (AFY) Solano Project (AFY) Total (AFY) 

Allotment Allocation Allotment Allocation Allotment Allocation Allotment Allocation 

2003 10,500 0 16,075 9,330 3,100 1,256 29,675 10,586 

2004 10,500 3,681 16,075 7,010 3,100 1,932 29,675 12,623 

2005 10,500 0 16,075 10,585 3,100 1,852 29,675 12,437 

2006 10,500 1,439 16,075 9,426 3,100 1,992 29,675 12,857 

2007 10,500 4,786 16,075 7,515 3,100 441 29,675 12,742 

2008 10,500 3,500 16,075 6,910 3,100 1,316 29,675 11,726 

2009 10,500 2,515 16,075 4,636 3,100 2,386 29,675 9,537 

2010 10,500 158 16,075 5,073 3,100 2,656 29,675 7,887 

2011 10,500 900 16,075 6,861 3,100 2,597 29,675 10,358 

2012 10,500 900 16,075 7,398 3,100 4,288 29,675 12,586 

2013 10,500 135 16,075 9,947 3,100 1,396 29,675 11,478 

2014 10,500 1,580 16,075 3,617 3,100 1,909 29,675 7,106 

2015 10,500 504 16,075 4,247 3,100 2,656 29,675 7,407 

a. Does not include COV Permit or Mojave water 

 

As shown Table 2-9, the volume of water received is far less that the City’s allotment.  Additionally, 
the allocations received by the City illustrate there is significant variability in the water supply, as 
shown in Figure 2-5.  This available water supply is anticipated to remain variable in the future due 
to changing hydrologic conditions, reduced snowpack and rainfall, and more intense droughts 
(Managing an Uncertain Future, DWR, October 2008).  Additionally, environmental concerns are 
anticipated to continue which place restrictions on pumping from the Sacramento-San Joaquin Delta. 
Pumping restrictions together with the impacts of climate change will continue to impact and leave 
uncertainty to the allocations that the City annually receives from the SWP.  
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Figure 2-5. City Historical Water Deliveries (2003 through 2015) 

 

An analysis was performed to review the reliability of the City’s total water supply based on the 
historic allocations received in comparison to current and projected water demands (Figure 2-6).  
Figure 2-6 illustrates that with the recycled water project, the City could increase water supply 
reliability under current demands by approximately 20 percent.  In the future with projected 
demands, a recycled water project would increase reliability by approximately 30 percent. The 
analysis did not take into account the potential for reduced SWP deliveries. 
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Figure 2-6. Water Supply Reliability With and Without Recycled Water 

 

A comparison of the water supply under the hydrologic conditions relative to demands is provided in 
Table 2-10. 

 
Table 2-10. Projected Water Supply and Demand Summary (AFY) 

Supply Scenario 2020 2025 2030 2035 2040 

Normala 30,906 30,906 30,906 30,906 30,906 

Single Dry Yeara 12,595 12,595 12,595 12,595 12,595 

Multiple Dry Year – Year 1a 12,938 12,938 12,938 12,938 12,938 

Multiple Dry Year – Year 2a 11,608 11,608 11,608 11,608 11,608 

Multiple Dry Year – Year 3a 11,264 11,264 11,264 11,264 11,264 

Total Demandb 12,240 11,540 11,310 11,520 11,670 

a. From Table 2-6 
b. From Table 2-8 

 

As shown in the table, there is sufficient water supply to meet the City’s demands under normal year 
and single dry year, assuming that SWP deliveries are not further reduced. There is a deficit in the 
future during multiple dry years and this deficit could be mitigated with the addition of recycled water 
to the City’s water supply portfolio. 

The multiple dry year scenario was recently experienced by the City which resulted in the need for the 
City to purchase additional water in 2014 to meet demands when SWP allocation was 5 percent of 

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

0 20 40 60 80 100

D
em

an
d 

or
 S

up
pl

y 
Vo

lu
m

e 
(A

F)

Percentile

Supply
Supply + RW
2010 Demand
2040 Demand

Approximately 30% increased 
reliability to meet future 

demands

Approximately 20% 
increased reliability to 

meet current demands



Benicia Recycled Water Study Feasibility Report Section 2 

 

 2-15 

DRAFT for review purposes only. Use of contents on this sheet is subject to the limitations specified at the end of this document. 
Benicia Feasibility Report - Final Draft.docx 

the allotment. The City was able to reduce the impact by drawing on banked and carried-over 
sources as well as implementing 25 percent conservation measures. Future hydrologic conditions 
will make meeting demands more challenging as multiple dry years will rely more heavily on the use 
of banked water and emergency water transfers which may not be available.  Additionally, demand 
projections developed include maintaining a level of conservation not previously attempted by the 
City for an extended duration. Therefore, further increasing conservation to make up the shortfall in 
supply during drought of supply limited times will be challenging.   

The Emergency Water Conservation Plan adopted by the City in 1990 and implementable through an 
ordinance includes a five stage shortage contingency plan centered around conservation.  While the 
plan, summarized in the 2015 UWMP, provides the ability to manage water supply in emergency 
conditions, the measures do not include a sustained overall reduction in water supply.  Relying on 
the emergency plan for a prolonged period as a result of reduced water supply is not sustainable; 
therefore, additional water sources are necessary to improve the reliability of the City’s water supply. 

Additional water sources and management measures such as transfers or the participation in the 
Solano Water Authority projects, as discussed in Section 2.1.4, are options for the City to increase 
water supply. The reliability of water transfers during sustained drought periods is not reliable as the 
transfers rely on the availability of surface water or groundwater from other agencies which are likely 
to also be experiencing shortage issues. Increasing the water supply portfolio with the addition of 
recycled water, a drought resistant water source, will increase the reliability of the City’s water supply 
in the most economical and sustainable manner. DWR considers recycled water to be a drought-
proof, energy efficient water management strategy (DWR, October 2008). For this reason, the City 
has selected the recycled water project as a preferred option for increasing water supply reliability. 
The City intends to continue to participate in the Solano Water Authority regional projects, which are 
still in the early planning stages.  These projects coupled with recycled water will provide the City with 
a diverse portfolio and will help manage water supply in future years. 
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Section 3 

Wastewater Characteristics and 
Facilities 
This section discusses the wastewater collection, treatment facilities, wastewater quality, and 
wastewater flows that would be utilized for recycled water production as proposed with the Project. 

3.1 Existing Wastewater Treatment Facilities 
The City owns and operates the wastewater collection system and treatment facility, which serves 
the service area shown in Figure 1-3. The collection system consists of 24 lift stations and 
approximately 150 miles of pipeline.  The majority of the collection system relies on gravity flow 
through the pipelines.  Due to terrain restrictions, 24 pump stations are used to transport the 
collected wastewater from low points to suitable locations for continued transmission by gravity. The 
City’s wastewater collection system service area includes residential, commercial and light industrial 
customers. The Refinery’s wastewater is not discharged to the City’s collection system and is instead 
treated at the Refinery’s onsite wastewater treatment plant.  

The wastewater treatment plant (WWTP) is located at 614 East 5th Street in Benicia, in the southern 
area of the City’s service area and was originally constructed in 1958. The City currently treats 
influent wastewater and discharges treated effluent to the Carquinez Strait under National Pollutant 
Discharge Elimination System (NPDES) Permit No. CA0038091. A series of upgrades was performed 
in 1978, 1989, and 1998 to increase treatment capacity and to meet new discharge regulations.  
The current treatment facilities include screening and grit removal for influent flows, followed by 
primary clarification and conventional activated sludge for secondary treatment, and chloramination 
for disinfection. Treated effluent is dechlorinated prior to being discharged to the Carquinez Strait via 
the City’s existing outfall, located at a latitude of 38.04 degrees north and a longitude of -122.15 
degrees west. Treated effluent is used within the WWTP for irrigation, washdown and process water.  
These demands are small and intermittent do not represent a significant volume of the City’s 
effluent.  

The treatment plant has 1 million gallons (MG) of flow equalization that can be used to equalize raw 
influent, primary effluent and/or final effluent. As noted in the City’s NPDES permit, the wastewater 
treatment facility was designed to treat an average dry weather flow of 4.5 mgd and a peak wet 
weather flow up to 18 mgd. A schematic of the liquid stream treatment process is provided in Figure 
3-1 and Appendix C (Section 2) of this report provides a detailed description of the WWTP’s facilities 
and current operations.   
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Figure 3-1. Existing Liquid Stream Process Flow Diagram 

 

3.2 City’s Effluent Discharge Limitations 
The City currently discharges treated effluent to the Carquinez Strait under NPDES Permit Order No. 
R2-2014-0023, NPDES No. CA0038091. A summary of the City’s existing nutrient permit limitations 
is provided in Table 3-1. The table is not intended to provide a complete list of constituent limitations 
in the NPDES permit. 

 
Table 3-1. NPDES Permit Limitations (Order No. R2-2014-0023, NPDES No. CA0038091)a 

Criteria Unit Average Dry Weather 
Average 
Monthly 

Average 
Weekly 

Maximum 
Daily Peak 

Flow mgd 4.5 --- --- --- 18b 

cBOD mg/L --- 30 45 --- - 

TSS mg/L --- 30 45 --- - 

Total Ammonia, as N mg/L --- 35 --- 67 - 

a. This table identifies relevant permit limitations only and does not include a complete list of permit limitations. 
b. Permitted one hour peak wet weather capacity. 

 

Currently the San Francisco Bay is being studied to determine if more stringent nutrient discharge 
limitations are appropriate for publically owned treatment works plants (POTW) to maintain the 
health of the San Francisco Bay.  The Bay Area Clean Water Agencies (BACWA), comprised of 37 San 
Francisco Bay Area agencies, is currently preparing the study required in the SFRWQCB’s Nutrient 
Watershed Permit (BACWA Nutrient Study). The BACWA Nutrient Study is identifying the treatment 
upgrades and costs for meeting two different levels of nutrient limits for each of the 37 POTWs.  The 
City is a participating member of the BACWA Nutrient Study.  

If nutrient regulations are promulgated, the City would need to perform treatment upgrades to 
provide ammonia, total nitrogen and/or phosphorus removal at the plant prior to discharge to the 
Carquinez Strait. Implementing the recycled water project would reduce the frequency and volume of 
effluent that is discharged through the City’s outfall. There is uncertainty with respect to the format 
(i.e., will there be a limit for all or some nutrients, will the limits be seasonal or year-round, etc.) and 
timing of nutrient regulations.  

Wet 
weather 

operation

Wet Weather 
Flows > 8 MGD

Dechlorination



Benicia Recycled Water Study Feasibility Report Section 3 

 

 3-3 

DRAFT for review purposes only. Use of contents on this sheet is subject to the limitations specified at the end of this document. 
Benicia Feasibility Report - Final Draft.docx 

3.3 City’s Influent Wastewater Characteristics 
Historical influent data were reviewed from July 1, 2011 through June 30, 2014 to determine 
influent loading to the treatment facility. Table 3-2 provides a summary of historical influent flows 
and loads from July 1, 2011 through June 30, 2014 that was prepared as part of the City’s effort in 
the BACWA Nutrient Upgrades Study.   

 
Table 3-2. Influent Wastewater Flows and Loads 

 

Influent Flow (mgd) BOD Load (lbs/day) TSS Load (lbs/day) 

Annual 
Average 

Maximum 
30-Day Average 

Annual 
Average 

Maximum 
30-Day Average 

Annual 
Average 

Maximum 
30-Day Average 

July 1, 2011 – June 30, 2012 2.9 3.4 3,580 4,320 7,630 9,550 

July 1, 2012 – June 30, 2013 2.7 3.9 3,670 4,550 7,360 9,600 

July 1, 2013 – June 30, 2014 2.4 2.7 3,370 4,900 6,390 7,990 

 

The City’s influent wastewater flows are subject to seasonal variations due to infiltration and inflow 
(I/I) in the collection system. Based on the flow and load analysis, the average flow over the 
historical data set was determined to be 2.7 mgd and the average flow per capita was determined to 
be 95 gallons per capita per day (gpcd). This per capita flow rate is below the 120 gpcd definition of 
excessive I/I and therefore a Sewer System Evaluation Survey (SSES) was determined to not be 
required.  

3.4 City’s Effluent Wastewater Characteristics 
The effluent flows at the WWTP follow influent flow patterns as shown in Figure 3-2.   

 
Figure 3-2. City’s WWTP Influent and Effluent Flows (July 1, 2011 – June 30, 2014) 
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As part of the Water Reuse Study, a one-year effluent characterization program was performed from 
September 2015 through September 2016. The effluent characterization program was performed to 
characterize the City’s effluent and to identify seasonal variations in constituents that were identified 
as critical to the Refinery’s cooling tower operation. Appendix B provides a complete review of the 
results of the effluent characterization program and Table 3-3 provides a summary of the results for 
select constituents. 

 
Table 3-3. Current City Wastewater Effluent Qualitya 

Parameter Units Number of Samples Averageb Rangeb 95th Percentileb 

NH3 mg/L as NH3 117 25.1 11 to 38 34 

Bromide mg/L 94 0.43 0.20 to 0.87 0.63 

Chloride mg/L 120 193 153 to 269 248 

Conductivityc µS/cm 135 1,322 1,081 to 1,558 1,467 

Orthophosphate  mg/L as PO4 81 6.4 0.7 to 22.1 17.2 

Orthophosphate  mg/L as P 81 2.1 0.2 to 7.2 5.6 

pH pH units 138 7.2 6.8 to 7.5 7.4 

Silica mg/L as SiO2 94 13.7 5.7 to 18 18 

Sulfate mg/L as SO4 112 125 3 to 159 145 

Total alkalinity mg/L as CaCO3 96 260 125 to 364 348 

Total dissolved solids mg/L 86 747 583 to 912 849 

Total hardness mg/L as CaCO3 118 220 79 to 325 309 

Total suspended solids mg/L 16 4.9 2.5 to 12.0 9.2 

Turbidityc NTU 122 3.2 1.2 to 9.9 6.3 

Zinc µg/L 118 23.2 2.1 to 105.1 55.4 

a. Based on results from wastewater effluent characterization of the City’s effluent (post-disinfection unless noted otherwise) 
conducted from September 15, 2015 through September 16, 2016. Refer to Appendix B for a complete data set. 

b. Nondetect values were assigned a value of the method detection limit. 
c. Values are based on results of characterization of the City’s secondary effluent (pre-disinfection) conducted from 

September 16, 2015 to November 19, 2015. 
µg/L = micrograms per liter. 
µS/cm = micro-Siemens per centimeter’. 
mg/L as CaCO3 = milligrams per liter as calcium carbonate. 
mg/L as Si = milligrams per liter as silica. 
NTU = nephelometric turbidity units. 
mg/L asSO4 = milligrams per liter as sulfate. 
mg/L as NH3 = milligrams per liter as ammonia. 
mg/L as PO4-3 = milligrams per liter as phosphate. 
mg/L as P = milligrams per liter as phosphorous. 
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3.5 Discharge Violations and Problem Constituents 
The City has not violated their NPDES discharge permit in the past eight years.  Table 3-4 below 
summarizes historical enforcement actions that were issued by the SFRWQCB to the WWTP.   

 
Table 3-4. Summary of City’s WWTP Discharge Violations 

Year Description of Violation 

2000 
• Exceedance of maximum daily total coliform limit  
• Exceedance of maximum daily limit for chlorine residual.   

2001 
• Exceedance of maximum daily total coliform limit  
• Exceedance of maximum daily limit for chlorine residual.   

2003 
• Exceedance of BOD and TSS limits 
• Exceedance of maximum daily limit for chlorine residual 

2008 • Request by City to modify limit for cyanide because City did not believe they would meet the limit. 

 

The City has made operational adjustments and has made improvements to their treatment system 
to reduce the potential for violations related to disinfection, dechlorination, and BOD and TSS 
removal.  These improvements and modifications have been successful in reducing the potential for 
violations, which is demonstrated by the absence of total coliform, chlorine residual and BOD and 
TSS violations in the past 13 years. 

In 2008, the City requested that their permit limit for cyanide be revisited because the City was 
unable to meet the limit in their new permit.  The SFRWQCB agreed to revisit the limit, but also 
included provisions for the City to conduct special studies to identify cyanide sources in the 
collection system. The special studies were completed by the City in 2009.  

3.6 Existing Water Rights 
The City’s effluent is currently discharged to the Carquinez Strait at a location where there are no 
downstream water users.  The City prepared a formal request to the State Water Resources Control 
Board (SWRCB) to confirm that the Project would not require a Petition for Change.  The State Water 
Resources Control Board provided confirmation to the City on March 2, 2016 that the Water Reuse 
Project would not decrease flow in any portion of a water course and therefore was outside the 
scope of the SWRCB (refer to Attachment T5 of the Technical Application Package). 
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Section 4 

Reuse Opportunities and 
Objectives 
This Section discusses the potential recycled water uses and associated demands within the City as 
well as the treatment requirements and implementation challenges in pursuing the Project. 

4.1 Project Drivers and Benefits 
The City has identified recycled water as a water source to increase the diversity and reliability of the 
City’s water supply. Currently, the City does not produce recycled water for unrestricted reuse.  As 
previously noted, this Project would result in approximately 2,000 AFY of recycled water being 
produced and delivered to the Refinery for cooling tower makeup water (year-round). Additional City 
customers would be able to use recycled water for landscape irrigation. The Refinery’s cooling tower 
makeup water demand represents 20 percent of the City’s total water demand. As discussed in 
Section 2.5, this Project would increase the City’s water supply reliability by 20 percent under current 
demands and by 30 percent under future demand scenarios. In the future, SWP deliveries may 
become more variable due to the effects of climate change and environmental restrictions (DWR, 
January 2016).  Recycled water provides the City with an additional water supply source that is 
reliable and will help the City meet future demands under all hydrologic conditions. DWR considers 
recycled water a drought-proof, energy efficient water management strategy (DWR, October 2008). 

4.2 Recycled Water Market Assessment 
4.2.1 Delivery to the Refinery 
As noted in Section 2, the groundwater basin is not used by the City for water supply and therefore it 
is not experiencing overdraft issues.  Additionally, there are no environmental restoration projects 
near the WWTP that could benefit from the use of recycled water. Within the City’s service area the 
primary non-potable reuse demands include industrial/process demands and landscape irrigation, 
with the Refinery being the largest industrial user within the service area. In 2005, the City looked at 
delivering recycled water to the Refinery; however, the economics of the project were not feasible. In 
2015, the City begin outreach with the Refinery to confirm their interest in revisiting the feasibility of 
using recycled water specifically for cooling tower makeup water. The Refinery expressed interest in 
revisiting the technical and economic feasibility of the project. Because the Refinery represents a 
year-round significant demand, they were identified as a key customer for the project. The Refinery 
has participated in the development of this study, particularly with respect to developing recycled 
water quality specifications, and has executed a letter of commitment to this project (Appendix A).  

4.2.2 Delivery to Other City Customers 
The City also would like to distribute recycled water to other customers within the service area. 
Therefore, as part of this feasibility study, a preliminary assessment was conducted to identify other 
potential customers and to quantify demands. Because the Refinery represents the largest demand, 
the identification of other potential customers was focused to customers along the recycled water 
pipeline alignment to the Refinery (e.g., within 0.25 to 1.0 mile of the pipeline). This approach 
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minimizes construction costs of the initial phase of the Project. The project will provide flexibility to 
deliver recycled water in the future to other customers that are located more than one mile from the 
pipeline alignment.  

Two recycled water pipeline alignments were considered and non-potable demands along these two 
alignments were quantified.  The demands along the alignments are primarily landscape irrigation 
and therefore are seasonal demands. City water meter data was used to quantify demands of the 
potential customers. As part of a separate study, the City will perform outreach to the potential 
customers to confirm their interest, concerns, and demands for recycled water. Attachment D of 
Appendix D includes the detailed lists of the potential recycled water customers for the two 
alignments. Customers were divided into three tiers based on their distance to the pipeline: 
• Tier 1: Customers within 0.25 miles of the pipeline alignment alternative 
• Tier 2: Customers located between 0.25 and 0.5 miles of the pipeline alignment alternative 
• Tier 3: Customers located between 0.5 and 1.0 miles of the pipeline alignment alternative 

Figure 4-1 and Figure 4-2 present the Tier 1 through Tier 3 customers along the two pipeline 
alignments.  Additional details on the two pipeline alignments are provided in Section 5.3 of this 
report. The Alternative 1 pipeline alignment assumes that the recycled water conveyance is 
constructed above-grade on the Refinery’s pipe racks.  The Alternative 2 pipeline alignment assumes 
that recycled water conveyance is below-grade along City right-of-ways and easements. Additional 
details on the customer demands can be found in Attachment D of Appendix D.   
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Figure 4-1. Alternative 1 Pipeline Alignment Customers 
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Figure 4-2. Alternative 2 Pipeline Alignment Customers 
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Both alternative alignments serve the same recycled water demand for Tier 1 through Tier 3 
customers (48,800 gpd). The alignments also serve the same number and demand of Tier 1 
customers (11 customers with a demand of 31,560 gpd). It was determined that the Project would 
include the ability to serve the potential Tier 1 customers and subsequent project phases could 
serve other customers. The Project will maintain flexibility to serve other customers within the service 
area in subsequent project phases as shown in Figure 4-3.  

 

 
Figure 4-3. Future Recycled Water Service Area 

 

4.3 Recycled Water Supply and Demand Analysis 
A supply and demand analysis was performed to confirm that there is adequate supply to:  
• Serve the Refinery’s cooling tower makeup water demands and Tier 1 demands,  
• Size the recycled water treatment facilities, and  
• Determine seasonal and diurnal storage needs.  

The Refinery’s historical cooling tower makeup water demands and the City’s historical WWTP 
effluent flows (supply) were reviewed. Appendix C provides the detailed analysis that was performed 
as part of this project and a summary is provided herein.  

The Refinery’s peak demand months typically occur during May through September (defined as the 
“seasonal period”). Table 4-1 provides a summary of the historical cooling tower makeup water 
demands for various averaging periods. The cooling tower demand has been fairly constant over the 
historical period and the demand is not expected to change.  
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Table 4-1. Cooling Tower Makeup Water Demandsa 

Year 

Flows (mgd) 

Annual Average Seasonal Averageb 
Maximum 

Month Maximum Day 

2011/2012 1.7 1.7 2.0 2.2 

2012/2013 1.7 1.8 2.0 2.2 

2013/2014 1.7 1.9 2.0 2.3 

2014/2015 1.7 1.9 1.9 2.1 

a. Historical data was reviewed from July 1, 2011 through June 12, 2015. 
b. Seasonal period is defined as the months of May through September. 

 

Historical WWTP effluent flows are summarized in Table 4-2. Wastewater effluent flows are typically 
at their lowest when cooling tower demands are at their highest, see Figure 4-4. For this reason, the 
seasonal minimum month supply flow was also calculated.  
 

Table 4-2. WWTP Effluent Flow (Recycled Water Supply)a 

Year 

Flows (mgd) 

Annual 
Average Seasonal Averageb Maximum Month 

Seasonal 
Minimum Monthb Maximum Day 

2011/2012 1.7 1.7 2.0 2.0 2.2 

2012/2013 1.7 1.8 2.0 1.9 2.2 

2013/2014 1.7 1.9 2.0 1.9 2.3 

2014/2015 1.7 1.9 1.9 1.7 2.1 

a. Historical data was reviewed from July 1, 2011 through June 12, 2015. 
b. Seasonal period is defined as the months of May through September. 

 

 
Figure 4-4. Historical Daily Average Supply and Demand  
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Table 4-2 illustrates the gradual decline in wastewater flows that has occurred due to the recent 
drought. During severe droughts and consecutive peak day demand periods, the City may have 
limited recycled water supply and will need an additional water source to meet the cooling tower 
demands. At times when the Refinery demands exceed the recycled water supply, it is assumed that 
potable and/or raw water would serve as a backup supply to meet the Refinery demands. During 
such times, Tier 1 customer demands would be met with potable water. The Refinery requires a 24-
hour notice prior to a change in water sources.  Therefore, the City will need to provide advance 
notification prior to recycled water supply limitations, particularly if recycled water is augmented with 
raw water.  

Recycled water storage was analyzed as a means of reducing the frequency of recycled water supply 
limitations.  Section 3 of Appendix C provides the detailed evaluation that was performed.  It was 
determined that providing 0.5 MG of recycled water storage would provide the ability to meet the 
Refinery demands approximately 95 percent of the time.  For this reason, a 0.5 MG recycled water 
storage tank was recommended for inclusion in the Project. The 0.5 MG storage also provides the 
City with some buffer prior to making a change to water sources.  

Diurnal wastewater flows were reviewed and compared to the Refinery cooling tower demands to 
determine flow equalization requirements. Figure 4-5 illustrates the diurnal cooling tower demand 
profile with a typical supply diurnal profile.  Flow equalization is needed due to the variation between 
supply and demand.  The recommended flow equalization volume is 0.5 MG. It is recommended that 
secondary effluent be equalized at the WWTP so that the recycled water treatment facilities can 
operate at a constant flow rate of 2.0 mgd.  

 

 
Figure 4-5. Diurnal Supply and Demand Curve  
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Based on the analysis of historical data, it was determined that the recycled water treatment 
facilities would be sized to produce a peak month demand of 2.0 mgd. Wastewater equalization will 
be provided (0.5 MG). Additionally, 0.5 MG of recycled water storage is recommended to provide 
seasonal storage and to maximize delivery during times when supply is limited.  

4.4 Treatment Requirements for Discharge and Reuse 
This section provides an overview of the regulatory requirements for wastewater discharge, recycled 
water production and use as well as specific end user requirements.  

4.4.1 Wastewater Discharge Requirements 
Section 3.2 provides a discussion of the City’s current effluent discharge limitations as well as 
potential future regulations. The City’s effluent will need to meet discharge limitations because the 
City will need to maintain the ability to discharge at times when the treated effluent exceeds the 
recycled water demand. 

4.4.2 Non-Potable Reuse Regulations  
The use of recycled water is subject to federal, state, and local regulations with the primary objective 
to protect public health. Non-potable reuse, as proposed with this Project, refers to the use of treated 
municipal wastewater for specific purposes other than drinking; such as landscape irrigation, 
industrial uses, and agriculture or for environmental benefits. 

In the State of California, recycled water requirements are administered by the SWRCB Division of 
Drinking Water (DDW) and locally by the SFRWQCB. The governing document for regulating recycled 
water use in California is CCR Title 22, Division 4, Chapter 3 (Title 22).  Title 22 establishes quality 
and treatment standards for the beneficial use of non-potable recycled water. Under Title 22, four 
non-potable recycled water quality standards are established. For this Project, the disinfected tertiary 
recycled water standard is applicable because it allows for unrestricted non-potable reuse.   

4.4.3 Recycled Water Specifications 
For this Project, recycled water quality specifications were developed to not only meet the Title 22 
unrestricted reuse regulations but also to protect the Refinery’s cooling tower and heat exchanger 
assets. As described in detail in Appendix B, a comprehensive assessment of the cooling and heat 
exchanger facilities was performed. Preliminary recycled water quality specifications were prepared 
and are presented in Table 4-3.  The recycled water quality specifications were developed based on 
input from the Refinery and the contract operator of the cooling towers as well as the assessment of 
the cooling tower and heat exchanger operations and materials of construction.  
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Table 4-3. Preliminary Recycled Water Specifications  

Parameter Units 

Makeup Watera 

Notes 

Average 
Monthly 

Limit 

Maximum 
Daily 
Limit 

Alkalinity mg/L as 
CaCO3 80 100 Specification based on projected recycled water quality (Table 3-3) 

Aluminum µg/L 10.7 27.5 Performance based limit developed using EPA methodologyb 

NH3 (as N) mg-N/L < 1 4 Specification based on projected recycled water quality (Table 3-3) 

Barium µg/L 16.8 30.6 Performance based limit developed using EPA methodologyb 

Biological oxygen demand  mg/L 3 20 Specification based on cooling tower limits (Table 3-2)d 

Boron mg/L 492 610 Performance based limit developed using EPA methodologyb 

Bis(2-ethylhexyl)phthalate µg/L 0.6 0.6 Performance based limit based on City’s effluent compliance 
monitoring data 

Bromide mg/L 0.48 0.71 Performance based limit developed using EPA methodologyb 

Calcium Hardness mg/L as 
CaCO3 99 150 Specification based on cooling tower limits (Table 3-2)e 

Chemical Oxygen Demand mg/L 51 73 Performance based limit developed using EPA methodologyb 

Chloride mg/L 188 225 Specification based on cooling tower limits (Table 3-2)f 

Copper, Dissolved µg/L 5 10 Specification based on cooling tower limits (Table 3-2)d 

Copper, Total µg/L 5.8 12.0 Performance based limit developed using EPA methodologyb 

Fluoride mg/L 0.9 1.0 Performance based limit developed using EPA methodologyb 

Iron, Dissolved µg/L 166 252 Performance based limit developed using EPA methodologyb 

Iron, Total µg/L 278 485 Performance based limit developed using EPA methodologyb 

Magnesium Hardness mg/L as 
CaCO3 150 200 Specification based on cooling tower limits (Table 3-2)e 

Manganese, Dissolved µg/L <50 225 Specification based on cooling tower limits (Table 3-2)f 

Manganese, Total µg/L 75 400 Specification based on cooling tower limits (Table 3-2)f 

Nitrate (as N) mg-N/L 20 45 Specification based on projected recycled water quality (Table 3-3) 

Total Kjeldahl Nitrogen mg-N/L 29 48 Performance based limit developed using EPA methodologyb 

Orthophosphate 
mg/L as P 
mg/L as 

PO4 

0.7 
2.2 

1.0 
3.0 

Specification based on projected recycled water quality (Table 3-3) 

pH pH units 7.3 6.8 Specification based on projected recycled water quality (Table 3-3) 

Selenium µg/L 2.4 7.7 Performance based limit developed using EPA methodologyb 

Silica mg/L <16 23 Specification based on cooling tower limits (Table 3-2) e 

Specific conductance µmhos/cm 1,370 1,547 Performance based limit developed using EPA methodologyb 

Strontium µg/L 364 587 Performance based limit developed using EPA methodologyb 

Sulfate mg/L 135 185 Specification based on cooling tower limits (Table 3-2)e 

Total coliform  MPN/100 
mL 2.2 <240 Specification based on Title 22 Regulationsf 

Total suspended solids mg/L 5 10 Specification based on cooling tower limits (Table 3-2)f 
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Table 4-3. Preliminary Recycled Water Specifications  

Parameter Units 

Makeup Watera 

Notes 

Average 
Monthly 

Limit 

Maximum 
Daily 
Limit 

Turbidity  NTU 2.0 <10.0 Specification based on Title 22 Regulationsf 

Vanadium µg/L 2.0 2.8 Performance based limit developed using EPA methodologyb 

Zinc µg/L 33 85 Performance based limit developed using EPA methodologyb 

a. Makeup water specifications refer to recycled water prior to pretreatment by the Refinery or Nalco.  The concentrations shown are 
based on operating the cooling towers at 8 COC and do not reflect the recirculation water. 

b. Limits developed using EPA’s permit limit derivation methodology described in Appendix E of the EPA Technical Support Document 
for Water Quality – based Toxics Control, September 1985. Limits assume ten samples per month and use the effluent 
characterization data set from September 15, 2015 through September 16, 2016. Limits did not account for significant 
nondetections; subsequent analyses should consider adjustments to account for parameters with significant numbers of nondects. 

c. Assumes compliance is upstream of chlorination system at the Refinery.  In discussions with Nalco and the Refinery, COD may be 
substituted for BOD because it provides more timely results that are indicative of the biological growth potential. 

d. Due to the limited number of dissolved copper data points (seven data points), the limits for dissolved copper in Table 3-2 were 
used for the specifications. 

e. Because the City’s effluent quality does not significantly exceed the makeup water quality limit, the limits in Table 3-2 were used for 
the specification. 

f. Treatment upgrades were developed to meet the recycled water specification. 

 

Based on the specifications presented in Table 4-3, and the City’s effluent characteristics 
(Table 3-3), treatment upgrades at the WWTP were determined to be needed for the following 
parameters: 
• Ammonia (NH3): NH3 in the recycled water will need to be reduced to less than or equal to 1 

mg/L as NH3 for protection of Admiralty brass heat exchangers. NH3 removal can be achieved 
with biological treatment (i.e., nitrification). Nitrification will also reduce the total alkalinity in the 
recycled water by half or more. 

• Alkalinity: Nitrification (for NH3 removal) will consume alkalinity in the wastewater and alkalinity 
addition will likely be needed to support nitrification. The treatment upgrades will include 
provisions for alkalinity addition. It is expected that alkalinity in the recycled water will be lower 
than current concentrations. 

• Turbidity/Suspended Solids: Filtration of secondary effluent, which is required to meet the DDW 
Title 22 unrestricted reuse regulations, would produce recycled water with an average turbidity 
of less than 2 NTU. Filtration is expected to reduce suspended solids to less than 5 mg/L. This 
would be beneficial to the Refinery and might eliminate the current use of the Precipitator. With 
very low turbidity (suspended solids), heat exchanger deposits would be reduced substantially or 
more easily handled by the Nalco dispersants likely reducing deposit buildup and cleaning of 
heat exchangers. 

• Orthophosphate: Orthophosphate reduction in the wastewater is needed to enable the Refinery 
to continue to operate the cooling towers at 6 to 8 COC. The current orthophosphate 
concentrations in the wastewater effluent would result in cooling tower water having a 
concentration ranging from 43 to 170 mg/L (as PO4). This level of PO4 would cause severe heat 
exchanger scaling or require a reduction in COC to less than 3, or operation of the cooling water 
at a lower pH with higher levels of scale inhibitors. The PO4 level in the cooling tower feed water 
needs to be less than 3 mg/L (as PO4) to enable the Refinery to continue operating at 6 to 
8 COC. 
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• Total and Dissolved Manganese: The monthly average total and dissolved manganese limits 
were lowered during recent discussions with Nalco. The City’s effluent manganese concentration 
is slightly higher than the makeup water limit in Table 3-2. Particulate manganese will be 
removed during the coagulation and filtration step. The secondary system upgrades will include 
operating the biological system at a longer solids retention time with additional aeration to 
perform nitrification. The additional aeration will likely result in oxidation of dissolved 
manganese, thereby lowering the detected concentration in the recycled water.  Additionally, 
chemical addition (e.g., sodium hypochlorite) can be provided in the flocculation basins 
(upstream of the tertiary filters) to oxidize dissolved manganese to a particulate form that can be 
removed during the filtration step.  Additional testing is recommended to confirm the removal of 
manganese with the secondary, tertiary and disinfection treatment upgrades as well as the 
sodium hypochlorite dosage necessary for oxidation of manganese, if needed.  

• Chloride: The current chloride concentrations in the wastewater effluent could cause corrosion 
of the 300 series stainless steel heat exchangers.  

The treatment upgrades will also provide disinfection to meet the Title 22 regulations. 

4.4.4 Health-Related Water Characteristics 
Title 22 requirements that will need to be considered for this project include backflow prevention so 
that recycled water does not enter the potable water system.  One component of the project is that 
potable water will be used as an emergency backup and/or for blending water. An air gap will be 
provided at the proposed blending station to provide adequate separation between the recycled 
water and potable water systems. The potential Tier 1 landscape irrigation customers currently use 
potable water for irrigation.  The recycled water connection to the customers’ sprinkler systems will 
need to be considered so that a storage tank with an air gap separation can be provided.  

Title 22 requirements include the provision for drift eliminators at cooling towers as well as 
chlorination of makeup water to protect employees from cooling tower mists and biological growth.  
The Refinery’s cooling towers are presently equipped with drift eliminators. Additionally, the Refinery 
currently chlorinates cooling tower makeup water to control biological growth and this practice will 
continue with this Project. 

If recycled water is delivered to City’s landscape irrigation customers, there are a number of Title 22 
irrigation practice guidelines that will need to be followed for the protection of human health. These 
irrigation practices include confining irrigation runoff to the recycled water use area, directing 
sprinklers away from outdoor eating areas and/or water fountains.  

4.4.5 Water Quality Related Requirements 
The proposed project is not expected to have water quality related requirements because surface 
water and groundwater will not be impacted. Currently, groundwater within the City’s service area is 
not impaired and/or used for drinking water and the City does not plan to use groundwater as a 
potable water supply.  

The 2009 Recycled Water Policy adopted by the SWRCB establishes requirements for recycled water 
use with the intention to increase use in a manner which fulfills water quality laws and regulations.  
Salts and nutrients from all sources, including recycled water, should be managed in a basin wide or 
watershed wide basis to ensure water quality objectives and beneficial uses are maintained.   
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Section 5 

Project Alternatives Analysis 
This section describes the alternative analyses that were performed for the Project and also 
describes a No Project Alternative. Appendices C and D provide additional details on the 
development and evaluation of conveyance and treatment alternatives. 

5.1 Recycled Water Alternatives 
This section provides an overview of the recycled water alternatives that were evaluated as part of 
the Water Reuse Study. Recycled water treatment and conveyance alternatives were developed and 
evaluated and life cycle costs were compared.  An overview of the alternatives evaluation is provided 
below and Appendices B and C provide additional details on the evaluations that were performed.   

5.1.1 Recycled Water Design Criteria 
Table 6-1 presents the design criteria for the recycled water treatment and conveyance system. The 
recycled water treatment plant production was sized for the maximum month demand conditions.  
Peak day and peak hour demands will be met with recycled water storage (0.5 MG). Secondary 
effluent equalization (0.5 MG) was also assumed to balance the diurnal variations in wastewater 
flows. Equalization of secondary effluent was also recommended because it allows the recycled 
water treatment facilities to operate at a constant flow which facilitates operations and reduces 
facility sizing because the facility is not sized for the peak hour wastewater flow rate.  

The recycled water conveyance system was designed to distribute recycled water for minimum and 
peak hour demands. Additional design criteria developed under treatment alternatives and 
conveyance scenarios are discussed in Sections 5.2 and 5.3.  

 
Table 5-1. Project Design Criteria 

Design Criteria Value 

Recycled Water Treatment Production Rate 
Annual Average 
Maximum Month 

 
1.7 MGD 
2.0 MGD 

Recycled Water Delivery Flow Rate 1.5 to 2.6 MGD 

Wastewater (Secondary Effluent) Equalization 0.5 MG  

Recycled Water Conveyance System 80 psi 

Recycled Water Storage 0.5 MG  

 

5.1.2 Life Cycle Cost Factors 
The treatment and conveyance alternatives were evaluated against economic and non-economic 
criteria.  The economic analysis was based on the life cycle costs of the various alternatives and 
scenarios.  Capital costs were developed for each alternative using the assumptions listed in 
Table 5-2.  
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Table 5-2. Economic Analysis Assumptions 

Item Value 

Capital Costs 
Mid-Point Construction Year 
Capital Cost Factor a 

 
January 2019 

35% of construction costs 

Annual Operating Costsb Energy, Chemical Use, Equipment Replacement, 
Potable Water Emergency Use  

Recycled Water Production Start Date January 2020 

Discount Rate 5 percent 

Escalation Rate 3 percent 

Project Life 30 years 

a. Capital cost factor is for engineering, construction management, permitting and 
administration. 

b. Energy cost of $0.13/kWh was used. Potable water rate of $2,210/AF was used 
based on 2016 rate study prepared by the City. Blending recycled water with potable 
water to meet recycled water specifications are not included in this line item but are 
broken out separately. 

5.1.3 Evaluation Criteria 
Evaluation criteria were developed for screening and evaluating treatment technologies, treatment 
alternatives, pipeline alignments and conveyance scenarios.  The evaluation criteria are described 
below (refer to Appendix C, Attachment C for a summary of how the criteria were applied to 
conveyance and treatment alternatives).  

Permitting Requirements: Permitting for the construction of new facilities can often result in a 
significant number of environmental constraints that must be mitigated. This criterion considered the 
impacts associated with potential and/or likely mitigation measures that would be required to 
construct and operate the new recycled water conveyance system. Also considered in this criterion is 
the potential impact to the NPDES permit and difficulty in obtaining DDW approval.  The number and 
type of permits needed as well as the time to obtain such permits (which can greatly impact the 
construction cost and schedule) is assessed within this criterion. This criterion only makes an 
assessment of the permits required to construct the facilities. Any public disruption impacts as a 
result of construction are considered in the constructability and aesthetics criteria. 

Ease of Operations and Maintenance: This criterion considers the complexity of performing routine 
operation and maintenance (O&M) activities and identifies the potential for long term challenges to 
the City. Ease of access to the pipeline, ability to maintain regulatory compliance with the existing 
NPDES permit, and impact and ease of handling wet weather flows are also considered within this 
criterion. 

Reliability: This criterion evaluates the reliability of being able to deliver recycled water within 
specification to the Refinery.  Considerations include the long-term seismic reliability of the facilities, 
the ability to deliver either recycled or potable water during service interruptions for a 24-hour period 
until the Refinery can switch to raw water for cooling tower supply (e.g., off-specification water, pipe 
or equipment failure, and lack of supply), and the operational history of the treatment technologies 
under evaluation 
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Constructability: This criterion assesses the difficulties associated with construction. Several factors 
can impact the difficulty of construction, including unusual/uncommon construction techniques, 
construction constraints, soil conditions that may limit construction methods, groundwater 
depth/need for construction dewatering, shoring, and limitations to construction staging areas. For 
pipeline construction, the number of utilities and utility owners that need to coordinated with an 
alignment was considered. The ability to continue to operate the WWRP during construction and the 
ability to locate the treatment facilities within the existing plant site were considered. 

Easement Acquisition: If the facilities are located on private property or other public agencies, the 
City will need to obtain right-of-way (ROW) access (easements) for construction and O&M activities. 
Alternatives that include facilities located on private property must consider the difficulty associated 
with obtaining easements. Easement acquisition considers the long term permanent easement 
where the facilities are located as well as temporary construction easements that would be needed 
to provide access and space for construction. The City must follow State requirements to obtain 
easements include offering fair market value for the easement. Obtaining easements in accordance 
with the State requirements add to the total cost of the project. Additionally, the process to obtain 
the easements can take considerable time and impact the overall project schedule. This criterion 
does not assess the cost of obtaining easements but assesses the difficulty by considering the 
number and type of easements that would be required and the potential for schedule impacts.  

Greenhouse Gas Emissions/Carbon Footprint: This criterion considers energy requirements, 
chemical requirements, truck traffic and other air emissions for operation of the facilities, and if the 
existing structures can be repurposed to minimize new construction. 

Future Flexibility: The City would like to have the ability to extend the recycled water distribution 
network in the future to add more customers. This criterion considers the ease of delivering recycled 
water to other City customers in the future.  Also considered is the ability to meet potential future 
nutrient or other discharge regulations in the future. 

Aesthetics: This criterion evaluates the long term aesthetics of an alternative. Considerations include 
the visibility, odor, and noise impacts associated with the O&M of the alternative. Temporary 
impacts, such as visibility or noise during construction, are also considered. 

Economics: The economics criterion includes capital costs, annual O&M costs, and life cycle costs.  

5.2 Recycled Water Treatment Alternatives  
The development and selection of a recycled water treatment alternative consisted of three steps.  
The first step was identifying the treatment upgrades needed for production of recycled water that 
would meet regulations and would protect the Refinery’s assets.  The second step was screening and 
selecting technologies that were suitable for the required upgrades.  The third step was developing 
and evaluating alternative treatment trains and selecting a treatment alternative.  Appendix C a 
provide a detailed analysis of the identification of treatment upgrades and the screening and 
evaluation of treatment technologies and alternatives.  A summary of the analysis is provided in the 
following sections.  

5.2.1 Treatment Technologies 
Section 4.4.3 provides a summary of the recycled water specifications that were developed for the 
Project. These specifications were based on producing recycled water that meets Title 22 
unrestricted reuse regulations and protects the Refinery’s assets.  

Screening of 18 technologies was performed for phosphate and ammonia removal, filtration, 
disinfection and chloride reduction. The technologies were screened against the evaluation criteria 
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presented above (refer to Section 4, of Appendix C for the detailed screening). The purpose of the 
technology screening was to identify preferred technologies that could be combined into treatment 
trains and further developed as part of the feasibility study. The treatment screening effort identified 
the technologies in Table 5-3 as preferred based on the outcome of the evaluation.   

 
Table 5-3. Screened Technologies for Alternatives Development 

Phosphate Removal Ammonia Removal Filtration Disinfection Chloride Reduction 

Chemical addition MLE (Nitrifying Activated Sludge with 
Denitrification) 

Cloth Media 
Filtration Chlorination Blending with Potable 

Water at the WWTP 

 Tertiary Membrane Bioreactor (Nitrifying 
Activated Sludge with membrane filtration)  Ultraviolet (UV)  

 

It should be noted that screening of technologies for total and dissolved manganese are not included 
in Table 5-3.  Nitrification, filtration and disinfection upgrades are expected to oxidize dissolved 
manganese and remove particulate manganese such that the recycled water manganese levels will 
be lower than the current levels and not an issue.  

Similarly, alkalinity in the wastewater will be consumed with nitrification.  For both treatment options, 
alkalinity addition will need to be added to support nitrification.  The projected alkalinity in the 
recycled water will be lower than current levels and therefore additional treatment to address 
alkalinity is not needed.   

The City is currently studying chloride sources in the collection system to identify solutions that could 
effectively reduce chloride in the recycled water. The source control investigation is ongoing and it is 
anticipated that the City will have conclusions in 2017. If the chloride levels cannot be kept 
consistently at or below 180 mg/L in the wastewater effluent, blending recycled water with potable 
water was assumed to be the most cost-effective alternative to treatment, particularly given the 
seasonal variability of the chloride levels. Because source control measures may take time to 
implement, blending was assumed to be needed for the first ten years of the project operation. The 
impacts of blending on the project costs are discussed in more detail in Section 6.2. Blending costs 
were not the focus on the treatment alternatives evaluation because the blending costs are the 
same for either alternative. 

5.2.2 Treatment Alternative 1 
Treatment Alternative 1 consists of the following technologies and upgrades and Figure 5-1 provides 
a process flow diagram:  
• Chemical addition for phosphate removal 
• Nitrifying Activated Sludge with denitrification (Modified Ludzack Ettinger[MLE]) process for 

ammonia removal 
• Cloth media filtration 
• Chlorination 

Appendix C includes additional details and design criteria for this alternative. Figure 5-2 provides a 
site plan for the treatment facilities associated with Alternative 1. The site plan includes the recycled 
water pump station that would be located at the treatment plant site. The details of the recycled 
water pump station are included in the Conveyance Alternatives TM (dated April 13, 2016).  
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Figure 5-1. Treatment Alternative 1 process flow diagram 

 

 
Figure 5-2. Treatment Alternative 1 Site Plan 
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5.2.3 Treatment Alternative 2 
Treatment Alternative 2 includes the following treatment technologies and upgrades:  
• Chemical addition for phosphate removal 
• Tertiary Membrane Bioreactor (TMBR) for ammonia removal and filtration 
• Chlorination 

Figure 5-3 provides a site plan for the treatment facilities associated with Treatment Alternative 2 
and Figure 5-4 provides a process flow diagram. Similar to Alternative 1, a recycled water pump 
station would be located at the treatment plant site and is included as part of the conveyance 
alternatives (Appendix D, Conveyance Alternatives TM dated April 13, 2016). Appendix C, TM 2: 
Recycled Water Treatment Screening and Alternatives provides details of the facility upgrades and 
assumptions that the alternative and construction costs are based on. 
 

 
Figure 5-3. Treatment Alternative 2 Site Plan 
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Figure 5-4. Treatment Alternative 2 Process Flow Diagram 

5.2.3.1 Economics 

The capital, operating and life cycle costs of Alternative 1 and 2 are presented in Table 5-4. The 
treatment capital costs do not include the recycled water pump station or recycled water storage 
tank costs.   

 
Table 5-4. Treatment Alternative Life Cycle Costs ($ millions) 

Item Alternative 1 Alternative 2 

Construction cost a 12.2 10.7 

Capital cost b 16.5 14.4 

Annual operating costsc 
Energy 
Chemicals 
Equipment repair/replacement 
Potable water – emergency use d  
Potable water – blending use e 

 
0.32 
0.10 
0.02 
0.21 

0.6 to 1.0 

 
0.40 
0.10 
0.11 
0.21 

0.6 to 1.0 

Net Present Value f 40.3 43.5 

a. Construction costs include a 35 percent construction contingency and are escalated to the assumed midpoint of 
construction (January 2019). 

b. Capital costs were estimated using a 35 percent factor to account for engineering, administration, permitting 
and construction management costs. 

c. Energy costs were estimated assuming an electrical cost of $0.13/kWh. Chemical costs include alum and 
caustic for Alternative 1.  For Alternative 2 chemical costs include alum, caustic and CIP chemicals. Equipment 
repair and replacement was estimated at one percent of equipment construction costs. Membrane and UV lamp 
replacement costs are also included for Alternative 2. Annual operating costs are presented in 2016 dollars. 

d. Potable water emergency use was assumed for 18 days per year at an annual average demand of 1.7 mgd. A 
potable water cost of $2,210/AF was assumed based on the City’s rate study prepared in 2016. 

e. Potable water blending was assumed to occur for years 1 through 10. Years 1 through 5 assume a 75% recycled 
water/25% potable water ratio. Years 6 through 10 assume an 85% recycled water: 15% potable water blend 
ratio.  

f. Net present value was calculated over a 30-year period assuming a 5 percent discount rate. The first year of 
recycled water production was assumed to occur in 2020. Annual operating costs were escalated each year by 3 
percent. Construction costs were amortized over a 30-year period assuming a 2 percent interest rate for the full 
construction costs. 
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5.2.4 Treatment Alternatives Evaluation 
The treatment alternatives were evaluated using the established criteria and assuming Alternative 1 
is the baseline (Table 5-3). Alternative 1 has the key advantage of having lower operations and 
maintenance requirements due to less mechanically complex equipment and due to a simpler 
operating strategy. Alternative 2 requires equalization of primary effluent in the wet weather basins 
which does present operational complexity due to the need to lower levels in the equalization basin 
in advance of a storm. Alternative 1 also provides more flexibility to meet potential discharge nutrient 
regulations with a lower chemical demand; the TMBR would require a carbon source to achieve 
denitrification. Based on the economic and non-economic factors, Alternative 1 was selected to carry 
forward. A summary of the evaluation of the alternatives is provided in Table 5-5. 

 
Table 5-5. Evaluation of Treatment Alternatives 

Criterion Alternative 1 Alternative 2 

Permitting requirements 0 0 

Ease of operations & maintenance + - 

Reliability + - 

Constructability - + 

Right-of-way acquisition difficulty 0 0 

Greenhouse gas emissions/carbon footprint + - 

Future flexibility + - 

Aesthetics 0 0 

Economics (net present value) + 
$40.3 M 

- 
$43.5M 

Notes:   
Alternatives are compared to each other and assigned the following rankings: 
+ = Alternative has more benefits than the other alternative. 
0 = Alternative has the same benefits as the other alternative. 
 - = Alternative has fewer benefits than the other alternative. 

 

5.3 Recycled Water Conveyance 
The recycled water conveyance evaluation was a two-step process. The first step screened three 
alternative pipeline alignments.  The second step developed and evaluated three conveyance 
alternatives for delivery of recycled water to the Refinery and City customers. Appendix D provides 
the detailed analysis that was performed for the evaluation of alignments and conveyance scenarios.  
The sections below provide a summary of the detailed analysis.  

5.3.1 Pipeline Alignment Alternatives 
The three pipeline alignments that were evaluated are shown in Figure 5-5. Within the project area, 
the Refinery owns and operates above-grade pipelines that convey crude oil to the Refinery for 
processing. Alternative 1 consists of constructing a recycled water pipeline on or adjacent to the 
Refinery’s existing above-grade pipe racks. This 16,870 linear foot (lf) alignment is broken into five 
segments starting at northeast corner of the City’s WWTP and terminating at the Terminal Day Tank 
located west of the Refinery’s cooling towers. Segments of the pipeline would be below-grade, 
constructed with polyvinyl chloride (PVC) pipe material using open cut methods. Above-grade 
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segments would be constructed with steel pipe and steel supports. Each of the segments are 
described in detail in Appendix D, and shown on Figure 5-5.  

Alternative 2 involves constructing a below-grade pipeline generally within City right-of-ways (ROW) 
and City easements. This 14,500 lf alignment is broken into four segments starting at northwest 
corner of the City’s WWTP and terminates at Terminal Day Tank located west of the Refinery’s 
Cooling Towers.  

Alternative 3 is a hybrid between Alternatives 1 and 2 where a portion of the alignment is located 
within City ROWs and the other portion is on or adjacent to the Refinery pipe racks. This 13,100 lf 
alignment is broken into three segments starting at northwest corner of the City’s WWTP and 
terminating at Terminal Day Tank located west of the Refinery’s cooling towers. Since this alternative 
is a hybrid, a combination of below-grade PVC pipe with open cut construction, and above-grade 
welded steel pipe would be required. 

 

 
  



Section 5 Benicia Recycled Water Study Feasibility Report 

 

5-10  
DRAFT for review purposes only. Use of contents on this sheet is subject to the limitations specified at the end of this document. 

Benicia Feasibility Report - Final Draft.docx 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 

 

 

 



Benicia Recycled Water Study Feasibility Report Section 5 

 

 5-11 

DRAFT for review purposes only. Use of contents on this sheet is subject to the limitations specified at the end of this document. 
Benicia Feasibility Report - Final Draft.docx 

 
Figure 5-5. Alternative Pipeline Alignments  
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Table 5-6 provides the results of screening the three pipeline alignments against the evaluation 
criteria presented in Section 5.1.3.  Alignment 2 was selected because it provides the most 
economic and non-economic advantages.  Estimated probable construction cost for the alternatives 
is provided in Attachment A of Appendix D. 

 
Table 5-6. Pipeline Screening  

Criteria Alternative 1 Alternative 2 Alternative 3 

Permitting requirements 0 + 0 

Ease of operations & maintenance 0 ++ + 

Reliability 0 ++ + 

Constructability 0 ++ + 

Easement acquisition 0 ++ + 

Greenhouse gas emissions/carbon footprint 0 0 0 

Future flexibility 0 + 0 

Aesthetics 0 ++ + 

Estimated probable construction cost 
0 

$18.5 million 
++ 

$8.3 million 
+ 

$9.1 million 

 

5.3.2 Conveyance Scenarios 
Three conveyance scenarios were developed and evaluated based on the selected pipeline 
alignment.  Appendix D provides the detailed analysis of the scenarios and a summary is provided in 
this section.  Each of the conveyance scenarios include the following elements:  
• One recycled water pump station at the WWTP (the size varies with each scenario),     
• Equalization at the WWTP to maintain recycled water production at a constant flow rate of 2.0 

mgd, 
• A recycled water - potable water blending facility at the WWTP that can be utilized as needed to 

meet recycled water quality specifications,  
• A 0.5 MG recycled water storage tank (siting for the tank varies with each scenario) that is used 

to meet peak day and peak hour demands, and 
• A 14-inch diameter conveyance pipeline from the WWTP to the Refinery that follows Alignment 

Alternative 2.  

Conveyance Scenario 1 assumes that the 0.5 MG recycled water storage tank is located at the 
WWTP as part of the pump station, as shown in Figure 5-6.  Under this scenario, the recycled water 
pump station would be sized to deliver up to 2.6 mgd to meet the peak hour cooling tower demands. 
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Figure 5-6. Conveyance Scenario 1 

 

Under Conveyance Scenario 2 shown in Figure 5-7, the 0.5 MG recycled water storage tank would be 
located at the City’s Corporation Yard, which is located approximately half-way between the WWTP 
and the Refinery.  The recycled water pump station that is located at the WWTP would be sized to 
deliver 2.0 mgd to the storage tank.  A booster pump station would be located at the Corporation 
Yard to deliver recycled water from the storage tank to the Refinery.  The booster pump station would 
be sized to pump up to 2.6 mgd (peak hour demand). 

 
Figure 5-7. Conveyance Scenario 2 

 

A schematic of Conveyance Scenario 3 is shown as Figure 5-8. Under this scenario, the 0.5 MG 
recycled water storage tank would be located at the Refinery. The recycled water pump station at the 
WWTP would be sized to pump a constant flow of 2.0 mgd to the storage tank. Recycled water from 
the storage tank could potentially be conveyed by gravity to the cooling towers. 
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Figure 5-8. Conveyance Scenario 3 

 

5.3.3 Conveyance Scenario Economics 
For each of the three conveyance alternatives, capital and operating costs were developed and a life 
cycle analysis was prepared (refer to Appendix D for details on the capital and operating cost 
estimates).  The energy costs for each scenario vary based on the pumping capacity at the WWTP, 
the elevation of the storage tank, and the discharge elevation at the Refinery. Cost estimates are 
presented in Table 5-7. 

 
Table 5-7. Conveyance Scenario Costs (in millions) 

Item Conveyance Scenario 1 Conveyance Scenario 2 Conveyance Scenario 3 

Pipeline 
Segments A through C 
Segment D (Refinery property) 

 
$4.2 
$0.7 

 
$4.2 
$0.7 

 
$4.2 
$0.7 

0.5 MG Recycled Water Storage Tank $0a $1.9 $1.9 

Recycled Water Pump Station (at WWTP) 
Booster Pump Station 

$2.4 
-- 

$1.1 
$0.8 

$1.1 
-- 

Total Construction Costb $7.3 $8.7 $7.9 

Total Capital Costc $9.8 $11.8 $10.7 

Annual Operating Costsd $0.25 $0.25 $0.19 

Total Life Cycle Coste  $17.0 $18.1 $15.6 

a. Storage is built into the pump station and therefore not broken out separately. 

b. Construction costs include a 35 percent contingency and are escalated to mid-point of construction (January 2019). 
c. Capital costs include a 35 percent factor for engineering, administration, construction management and permitting. 
d. Annual costs assume equipment replacement and maintenance costs and energy costs ($0.13/kWh). Costs for potable water 

blending are not included in the conveyance scenarios. 
e. Life cycle costs were calculated for a 30-year period. Capital costs were amortized over a 30-year period assuming no grants 

and a 2 percent interest rate. Annual costs were escalated 3 percent per year and a 5 percent discount rate was assumed. 
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5.3.4 Conveyance Scenario Evaluation 
Table 5-8 below provides a summary of the evaluation of the conveyance scenarios.   

 
Table 5-8. Conveyance Scenarios Evaluation  

Criteria Conveyance Scenario 1 Conveyance Scenario 2 Conveyance Scenario 3 

Permitting Requirements 0 - + 

Ease of Operations & Maintenance + - 0 

Reliability 0 - + 

Constructability 0 + - 

Easement Acquisition + + - 

Greenhouse Gas Emissions/Carbon 
Footprint 0 - + 

Future Flexibility 0 + - 

Aesthetics 0 - + 

Estimated Opinion of Capital Cost - 0 + 

Estimated Life Cycle Cost 
0 

($17.0 M) 
0 

($18.1 M) 
+ 

($15.6 M) 

Evaluation of alternatives is relative comparison: The more favorable scenario within a criterion was given a “+” rating and the least 
favorable scenario was given a “-“ rating. The neutral scenario, the one not most or least favorable, was given a “0” rating. 

 

Though Conveyance Scenario 3 was found to be the least favorable within some evaluation criterion, 
overall it was identified as the most favorable. As described in Appendix D, Scenario 3 offers 
additional service reliability in emergency events because the Refinery could operate off of the 
storage tank prior to switching over to raw water. Based on the results of the economic and non-
economic evaluation as well as reliability considerations, Conveyance Scenario 3 was selected. 
During development of the project, coordination with the Refinery was performed to confirm that 
constructing a storage tank at their site was feasible and to confirm potential locations for the tank.   

5.4 Implementation Considerations 
Implementation considerations include design, construction, and operational activities as well as 
institutional arrangements to support of the project. Implementation considerations were taken into 
account in the evaluation criteria of the treatment and conveyance scenarios in the form of 
constructability, ease of O&M, and operational history. The evaluation of institutional arrangements 
was also considered for alternatives that looked at City-owned facilities located on Refinery property, 
easements and/or structures (e.g., above-grade pipes on Refinery pipe racks). Treatment Alternative 
2 has a construction sequencing advantage because the TMBR system is separate from the 
operating plant so it minimizes impacts to operations during construction.  However, the TMBR 
system has higher operating costs and is less established compared to the Treatment Alternative 1.   

As previously discussed, Conveyance Scenario 3 offered the advantage of providing a higher level of 
reliability in an emergency event, such as a pipeline outage because the Refinery can operate off of 
the recycled water storage tank prior to switching to raw water. Conveyance Scenario 3 also 
minimizes recycled water pumping because it conveys a constant flow rate to the Refinery; peak 
cooling tower demands are met from storage which can flow by gravity.  Conveyance Scenario 3 will 
require some additional institutional arrangements with the Refinery because the recycled water 
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storage tank will be owned by the City.  A maintenance agreement with the Refinery for the recycled 
water storage tank will be needed, together with a maintenance agreement for the pipeline located 
on the Refinery property.  The maintenance agreement with the Refinery will be needed for any of the 
Conveyance Scenarios because of the pipe length within the Refinery property. 

Public acceptance of the project will be an important consideration for the recycled water project. 
During development of the feasibility study, a public meeting was conducted (December 2015) to 
raise public awareness of the project, explain the benefits of the project and to address questions on 
the project.  Additionally, City Staff have conducted numerous outreach efforts with stakeholders in 
the City and have received positive feedback on the project. To date, public acceptance of the project 
has not been an issue. 

5.5 No Project Alternative  
The City recently adopted their 2015 UWMP update which evaluated water supply sources to meet 
current and future demands. In a normal or single dry year, if the City receives allocations from the 
SWP that are consistent with the 2015 UWMP, the City will have adequate supply to meet current 
and future water demands.  In multiple dry years, if SWP deliveries are consistent with the 2015 
UWMP projections, the City would need to find alternate water supplies if a recycled water project is 
not implemented. As previously noted, the City does not plan to look to groundwater, indirect potable 
reuse and/or desalination. Direct potable reuse was not addressed in the 2015 UWMP, however it 
would be subject to permitting and regulatory challenges. Alternate water supply sources that the 
City would have access to include one or a combination of the following: 
• Long-term transfers similar to the City’s 2009 SID Agreement and the 1989 Vallejo Agreement,  
• Spot transfers such as the City’s 2014 Vacaville Agreement, 
• Storage agreements such as Benicia’s agreement for the Solano Project. 

In addition to these options, the City is a participant in the Noonan Reservoir and Highline Canal 
projects which are joint-use projects with SCWA. These projects would provide flexibility to wheel NBA 
and Solano Project water. The City’s contribution to these projects together with the water supply 
benefit is uncertain because these projects are still in the planning stages.  

Table 5-9 provides a summary of the costs of the various water supplies that the City currently has.  
As discussed in Section 2.1.1.2, the long-term reliability of the City’s Vallejo Agreement for 
emergency water transfer is unknown and uncertain and the City pays a premium for this water.  The 
availability of spot transfers is also uncertain, particularly in an extended drought situation, when 
supplies are scarce and demands are high. As shown in Table 5-9, the City also pays a premium for 
spot transfers. Storage agreements like the City’s existing Solano Project agreement are difficult to 
manage. As described in the 2015 UWMP, the City can choose to store Solano Project water in Lake 
Berryessa; however, if water spills from Lake Berryessa, the City is the first agency to lose the water. 
This type of storage agreement has risk and uncertainty because it requires predicting future 
weather patterns and demands.   
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Table 5-9. Historical Water Supply Costs 

Water Supply Source Unit Cost 

State Water Project $21.90/AFa 

Settlement Water $34.66/AFb 

Vallejo Agreement $337/AF 

Solano Irrigation District (SID) Agreement $70/AF 

2014 Vacaville Transfer $225/AF c 

a – Unit cost is based on an annual fixed cost of $352,600 and full contract allotment of 16,075 AFY. 
b – Conveyance fee for settlement water. 
c – City purchased 4,000 AF for approximately $900,000. 

 

Without a recycled water project, the City would need to rely on these alternate water supplies to 
meet demands during a multiple year drought and/or if SWP deliveries are lower than anticipated. 
The City’s alternate options are not reliable, are difficult to predict and also difficult to plan for 
financially because the price can vary based on demand.  
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Section 6 

Selected Project  
The following sections provide a detail description of the selected project and summarize the criteria 
for the final design the project shall accommodate. Life cycle costs for the project, a schedule for 
project completion, and key issues that must be addressed prior to construction are discussed in 
this section.  

As noted in Section 5.5, the City pays a premium for long-term and spot transfers compared to the 
price of SWP water. Additionally, securing spot transfers during a multiple-year drought may be 
difficult and expensive due to the high demand for transfers. It is recommended that the City look to 
recycled water to diversify its water supply portfolio because recycled water is a reliable, secure, 
energy and cost efficient water supply option.  

6.1 Detailed Project Description  
Figure 6-1 presents the selected project alternative which includes treatment upgrades at the City’s 
WWTP, a recycled water conveyance pipeline along City ROWs, and a 0.5 MG storage tank at the 
Refinery. The following sections present the details and features of the conveyance and treatment 
projects. 
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Figure 6-1. Proposed Project Alternative  
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6.1.1 WWTP Facilities  
New facilities at the WWTP will include upgrades to the secondary treatment system, new chemical 
storage and metering facilities, secondary effluent equalization, filter feed pumping station, 
flocculation tanks, tertiary filtration, chlorine contact basins, and a recycled water pump station.  
Appendix C provides additional details on the treatment system upgrades, and the following presents 
an overview.  

6.1.1.1 Treatment Upgrades 

One new 0.4 MG aeration basin would be constructed as shown in Figure 6-2 and would operate in 
parallel with the existing activated sludge system. A new flow split structure is assumed to distribute 
flows to the new and existing aeration basins.  The new basin would be covered and vented to the 
existing odor control facility, which provides odor control for the existing aeration basins.  The facility 
would maintain the ability to operate in sludge reaeration mode during peak wet weather events and 
the existing RBC train would be available for treating peak wet weather flows. The two, existing RBC 
tanks that have been decommissioned would be demolished and the new aeration basin would be 
constructed where they are located. 
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Figure 6-2: Treatment Upgrades at City’s WWTP 

 

Secondary effluent from the existing secondary clarifiers would be routed to a new filter feed pump 
station and pumped to a new tertiary filtration system. The filter feed pump station would include a 
wet well with up to 0.5 MG of flow equalization volume. The facility layout provided in Figure 6-2 
assumes cloth media filtration. The filter feed pump station would be sized to provide diurnal 
equalization such that a near constant flow of up to 2.1 MGD could be treated through the filtration 
system. Up to 2.1 mgd would be treated to account for loses due to backwashing.  Flocculation tanks 
with an approximate volume of 0.13 MG would be constructed upstream of the tertiary filters.  The 
flocculation tanks and tertiary filters would be located on the eastern portion of the WWTP site.   
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After tertiary filtration, the filtered effluent would then be routed to a chlorine contact basin to 
provide disinfection. Two, existing RBC sedimentation tanks that are no longer used would be 
repurposed and serve as the recycled water chlorine contact tanks. Improvements to the existing 
sodium hypochlorite dosing system were also assumed. The chlorine contact basin would be 
separated from the effluent discharge disinfection system as required under Title 22 regulations.  

Two new chemical storage facilities would also be constructed at the northeastern area of the 
WWTP:  
• A 10,000-gallon tank for aluminum sulfate (alum), with metering facilities, and 
• A 10,000-gallon tank for sodium hydroxide (caustic soda), with metering facilities.  

These chemicals are needed to provide phosphorus and ammonia removal, respectively.  

6.1.1.2 Recycled Water Pump Station and Surge Protection 

A 2.0 mgd recycled water pump station would be constructed at the southeast area of the WWTP. 
Disinfected, tertiary treated recycled water would flow into a “wet well” which is the holding tank 
from which recycled water is pumped into the distribution system.  The pump station would include a 
potable water connection to allow for blending of recycled water with potable water, as needed to 
meet demands, or Refinery water quality specifications.  Surge protection would be located at the 
WWTP, adjacent to the recycled water pump station, and would likely include a surge tank and 
ancillary facilities. 

6.1.1.3 Other Improvements 

Electrical improvements to support the new recycled water facilities at the WWTP would include 
provisions for a new standby generator and installation of new motor control centers in existing 
buildings. 

6.1.2 Conveyance Facilities 
Recycled water generated at the WWTP would be conveyed to the Refinery through an approximate 
16,300-LF, 14-inch diameter pipeline. From the WWTP, the pipeline would continue northeast along 
East 5th Street until either Hillcrest Avenue or the City’s easement on an unpaved access road at the 
southwestern end of the Valero property, turn northwest to align along East 2nd Street,  before 
entering the Refinery property. The pipeline would be located below grade primarily within City ROWs, 
as shown on Figure 6-1.  Once on Refinery property, the pipeline would continue below grade until it 
reaches the existing pipe racks where it would transition to above-grade on the pipe racks.  

Approximately nine combination air-vacuum valves are anticipated to be required for the operation of 
the pipeline.  These valves would be located on 2 feet by 3 feet concrete pads with a steel cage 
enclosure.  The location of the valves would be dependent on the location of intermediate high 
points but would be located along the pipeline on the side of the travel roadway and/or sidewalk.  It 
is anticipated that up to four blow-offs may be installed, which would consist of a buried valve and 
either connection of a nearby sanitary sewer manhole or quick-connection located in a valve box.   

Turnouts would be provided along the recycled water pipeline for Tier 1 City customers.  The turnouts 
would include a 2- to 6-inch turnout located a minimum 10-feet from the potable water system to 
fulfill Title 22 separation requirements.  A recycled water fill-station would also be constructed at 
either the WWTP or the City Corporation Yard to provide recycled water for non-potable uses.  
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6.2 Estimate of Project Costs 
6.2.1 Capital Costs 
Table 6-1 summarizes the estimate of probable cost of construction escalated to the midpoint of 
construction for the recommended project components. An 18-month construction period was 
assumed with a start date of May 2018. Construction costs were escalated to the mid-point of 
construction, which was assumed to be January 2019.  

 
Table 6-1. Estimate of Probable Capital Costs  

Element Description Cost ($M) 

Treatment Alternative 1 – 
Construction Cost a Activated Sludge, Cloth Media Filtration, Chlorination $12.2 

Conveyance Scenario 3 – 
Construction Cost a 14-inch conveyance pipeline along City ROWs $6.0 

Recycled Water Storage – 
Construction Cost a 0.5 MG steel tank at the Refinery $1.9 

Total Construction Costs a $20.1 

Total Capital Costs b   $27.2 

a – Construction costs were escalated to the midpoint of construction (January 2019) 
b – Capital costs include a 35 percent factor for engineering, administration, construction management and 

permitting. 

6.2.2 Operating Costs 
Table 6-2 summarizes the estimated annual operating costs of the project. It was assumed that 
recycled water production would begin in 2020.  For the first ten years of operation, blending with 
potable water was assumed.  A blend ratio of 75 percent recycled water, 25 percent potable water 
was used for years 1 through 5.  A blend ratio of 85 percent recycled water, 15 percent potable 
water was used for years 6 through 10.  The annual operating costs presented in Table 6-2 are 
presented in 2016 dollars.  

 
Table 6-2. Estimate of Annual Operating Costsa 

Element Description Cost ($M) 

Energy Pumping, aeration and mixing costs $0.50 

Chemical Use Caustic addition, alum addition, and sodium 
hypochlorite $0.10 

Repair & Replacement Costs Equipment replacement, filter media replacement and 
repair $0.04 

Potable Water – Emergency Useb Potable water delivery to Refinery for 5 percent of the 
year (18 days per year) $0.21 

Annual Operating Costs $0.85 

Potable Water – Blending Costsb 
Years 1 – 5 :75% Recycled Water: 25% Potable Water 
Years 6 –10: 85% Recycled Water: 15% Potable Water 

$1.0 
$0.6 

a – Costs presented in 2016 dollars 
b – Potable water costs assume a unit cost of $2,210/AF based on City’s February 2016 rate study 
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6.2.3 Unit Cost of Recycled Water 
Table 6-3 summarizes the estimated unit costs for recycled water, with and without grants. The 
capital costs financed assume that CWSRF loans are used, which have a lower issuance cost than 
bonds. The unit costs are shown starting in 2020 through 2030 and are presented for three different 
potable water blend ratios.  As previously mentioned, the City is currently studying their sewer 
collection system to identify whether source control can be implemented to reduce I/I and chloride 
concentrations in the wastewater effluent.  If adequate source control can be implemented, potable 
water blending would not be regularly needed and the unit cost of recycled water would be 
significantly lower.  

 
Table 6-3. Recycled Water Unit Costs a 

Description 
Year 

2020 2021 2022 2023 2025 2030 

Annual Average Water Use (gpd) b 1,700,000 1,700,000 1,700,000 1,700,000 1,700,000 1,700,000 

Blend Scenario 1: 75% Recycled Water, 
25% Potable Water       

Unit Costs with Grantsc $1,500 $1,530 $1,560 $1,600 $1,670 $1,870 

Unit Costs without Grantsd $1,720 $1,750 $1,785 $1,820 $1,890 $2,090 

Blend Scenario 2: 85% Recycled Water, 
15% Potable Water       

Unit Costs with Grantsc $1,240 $1,265 $1,290 $1,320 $1,370 $1,520 

Unit Costs without Grantsd $1,460 $1,490 $1,500 $1,540 $1,600 $1,750 

No Potable Water Blending       

Unit Costs with Grantsc $855 $870 $880 $900 $925 $1,000 

Unit Costs without Grantsd $1,080 $1,090 $1,100 $1,120 $1,150 $1,230 

a. Unit costs were developed using the annual costs and dividing by the annual average water use.   
b. Annual average demand of 1,700,000 gpd (or 1,900 AFY). 
c. A grant equal to 35% of the capital costs was assumed (total grant value is $9,50low2,800). The remainder of capital costs assume 

financing with low interest loans at an interest rate of 2 percent. Annual debt service includes capital, annual O&M and potable 
water blending costs presented in Tables 7-1 and 7-2. 

d. Capital costs were financing using low interest loans. Unit costs assume annual debt service for project without grants and annual 
O&M presented in Tables 7-1 and 7-2. 

 

6.3 Project Implementation  
6.3.1 Permits 
There will be a number of state and local permits required for the implementation of the recycled 
water project. If federal funding is secured, there will also be federal permits that are required.  The 
key permits required for the project are summarized in Table 6-4. There are a number of local 
permits that will be needed such as grading permits. As the project is further developed, these types 
of permits will be identified and coordination with the regulatory authorities will be conducted.  
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Table 6-4. Key Permits for Project 

Agency/Permit Description 

CEQA and CEQA Plus An initial study/mitigated negative declaration (ISMND) was prepared and is being 
finalized for City Council approval.  The document meets the federal requirements for 
CEQA Plus and for eligibility of CWSRF or Proposition 1 grants or loans. 

NEPA Environmental Documents and Adoption of 
the Finding of No Significant Impact 

NEPA and the FONSI are only needed for federal grants and loans. At this time, NEPA 
documentation has not been prepared. 

State Water Resources Control Board Water 
Reclamation Requirements for Recycled Water 
Use (General Order) 

The distribution and use of recycled water will require obtaining the statewide general 
waste discharge permit.  Coordination with the SFRWQCB will be required to obtain this 
permit.  

Bay Area Air Quality Management District 
(BAAQMD)  

The use of recycled water in the Refinery’s cooling towers will require a change to the 
Refinery’s Title V Air Permit. Coordination with the BAAQMD will be required to modify the 
Refinery’s Title V permit to reflect the change in cooling tower makeup water. 

BAAQMD Authority to Construct Permit An authority to construct and operate will be required from the BAAQMD. Coordination 
with the BAAQMD is recommended during design. 

California DDW Title 22 Engineering Report DDW will need to approve the Title 22 Engineering Report, which will document details on 
the user agreements, operations, treatment and water quality requirements, use 
restrictions, and safety measures for protecting human health and the environment. 

SFRWQCB Modification to the Refinery’s NPDES discharge permit for use of recycled water in the 
cooling towers and discharge of blowdown. 

 

As noted in Section 3.6, the City has confirmed with the SWRCB that a Petition for Change is not 
needed for this project and therefore a water rights permit is not needed.  

6.3.2 Institutional Agreements 
There are several institutional agreements that are needed for the production and delivery of 
recycled water to the Refinery and landscape irrigation customers. The following agreements will 
need to be developed and finalized during subsequent project phases: 
• Recycled water agreement with the Refinery to address the contractual delivery of up to 2,000 

AFY of recycled water. The agreement will need to address the recycled water quality 
specifications, recycled water rate structure, system reliability and backup provisions.  

• Maintenance agreement with the Refinery for on-going routine maintenance of the recycled 
water pipeline and tank that is located on the Refinery site.  The agreement will need to address 
the responsibility for routine maintenance as well as access agreements for the maintenance.  

• Recycled water agreements with landscape irrigation customers that includes information on the 
source of the recycled water, quality of the recycled water, rate structure, timing of deliveries, 
cross connection control, and backup provisions.  

6.4 Unresolved Issues 
There are several items that will need to be resolved during subsequent project phases as follows: 
• The City will need to develop a recycled water rate structure for the different categories of use 

(e.g., industrial, landscape irrigation, dust abatement, etc.). 
• The City and the Refinery will need to develop a recycled water rate structure. The City will need 

to understand if source control can be implemented to reduce the frequency and/or need for 
potable water blending.  
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• The City and Refinery will need to develop an agreement that address the rate structure, 
recycled water quality specifications, backup supply and delivery commitments. 

• The City will need to perform outreach and conduct a market assessment to the Tier 1 
customers to determine their interest in using recycled water.  
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Section 7 

Economic Analysis 
This section describes the economic benefits of the proposed Project.  The analysis is qualitative but 
identifies benefits of adding recycled water to the City’s water supply portfolio. 

7.1 Economic Analysis 
As described in Sections 2.1.5 and 2.5, the City appears to have adequate water supplies to serve 
current and future demands in a normal hydrologic year and in a single-year drought.  In a multiple 
year drought, the City does not have adequate water supplies to meet future demands.  The 
availability of SWP projects is expected to continue to be highly variable (State Water Project Delivery 
Reliability Report, DWR, 2012). In the future, if SWP deliveries are reduced, the City could have 
inadequate supplies more frequently than in the past. A recycled water project would provide the City 
with a more diverse and reliable water supply portfolio and would provide the City more security to 
meet future water demands under varying hydrologic conditions. 

There are several benefits to pursuing the recycled water project that are qualitatively described in 
this section.  The first benefit of the recycled water project is that it provides the City with a secure 
water supply, which in turn enables the City to reliably serve its residential, commercial and industrial 
customers.  The City has approximately 28,000 residences that rely on a domestic water supply.  
Additionally, the Refinery is located with the City and relies on the City to provide approximately 
5,800 AFY of raw water for industrial purposes.  The Refinery is a significant contributor to the City’s 
tax base and an “anchor tenant” for the Benicia Industrial Park (Benicia Industrial Market Study, City 
of Benicia, 2014). The Refinery employs approximately 500 employees (Valero Website) in addition 
to drawing other industry related businesses to the City.  The recycled water project would provide 
the City with a secure water supply, which is needed to retain and attract businesses to the City, and 
ultimately contributes to the financial health of the City.  

The recycled water project would also provide near-term and long-term employment benefits. 
Construction of the project will create short-term employment benefits and operation and 
maintenance of the facilities will have long-term employment benefits.  The construction of the 
project is anticipated to last 18 months, during which the City would also recognize increased 
business during construction.  

The recycled water project would also increase the stability of the City’s water finances. As shown in 
Table 5-9, during water shortages, the City has to secure water supply from other agencies. In 
addition to the uncertainty of getting the supplies, the cost of the water supply is high and has an 
impact to the City’s rate structure.  In 2014, when the City secured water from the City of Vacaville, a 
drought surcharge was imposed to the City’s rate payers.  By securing a reliable water supply that is 
available under all hydrologic conditions, the City will recognize stability in water rates during drought 
periods.  This provides benefits to the City and its customers.  
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Section 8 

Financial Capability of Sponsor  
 

8.1 Project Schedule 
The proposed project schedule has recycled water deliveries beginning in the year 2020.  This 
estimated delivery date is based on starting design of the treatment and conveyance facilities in 
2017 followed by an 18-month construction schedule.  Startup would begin in the second half of 
2019 such that deliveries could begin in 2020.A recycled water agreement between the City and the 
Refinery would be developed and finalized in early 2017.   

8.2 Funding Plan for Construction, Operation, Maintenance and 
Replacement Facilities 

There are a variety of financing methods available for capital improvements, replacements, and 
operation of water and recycled water systems. These methods include pay-as-you-go (cash reserves 
and operating revenues), CWSRF loans, grants, general obligation bonds and revenue bonds. The 
City will explore all options for funding this project. It is currently anticipated that the City would 
finance the capital project costs through state or federal grants together with low-interest loans 
through the CWSRF program. The City would repay the capital loans and the operating and 
replacement costs through revenues generated from a recycled water rate structure.  

8.3 Willingness to Pay for Project 
The City is governed by a five-member City Council upon which one member is the mayor of the City. 
The City has adopted the Benicia Municipal Code  which was adopted under the provisions of 
Sections 50022.1 through 50022.10 of the Government Code of the state of California. The City and 
its Council Members are charged with managing and providing its residents and businesses with 
reliable and affordable water supplies.  The City is willing to pay its share of a recycled water project 
and has demonstrated this by funding this feasibility study.  

 
  

http://leginfo.legislature.ca.gov/faces/codes_displaySection.xhtml?lawCode=GOV&sectionNum=50022.1
http://leginfo.legislature.ca.gov/faces/codes_displaySection.xhtml?lawCode=GOV&sectionNum=50022.10
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Appendix A: Letter of Intent from Recycled Water User 
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Executive Summary 
The City of Benicia (City) currently supplies the Valero Benicia Refinery (Refinery) with approximately 4 million 
gallons per day (mgd) (4,480 acre-feet per year [AFY]) of raw water for cooling tower makeup water, boiler 
feed water, and other process uses. The Refinery’s cooling tower and boiler feed water demands represent 
approximately 40 percent of the City’s total water supply. Due to the current drought in California, the long-
term reliability of the City’s current water supplies is uncertain. For this reason, in August 2015, the City 
retained Brown and Caldwell to evaluate the feasibility of producing and delivering approximately 2 mgd 
(2,240 AFY) of recycled water to the Refinery for use as cooling tower makeup water, and to other City 
customers for non-potable uses.  

This technical memorandum (TM) was prepared as part of the City’s Water Reuse Feasibility Study and has 
the following objectives: 
• Summarize the City’s existing wastewater effluent quality 
• Develop preliminary recycled water quality specifications that will protect the Refinery’s assets, meet the 

Division of Drinking Water’s (DDW) Title 22 Recycled Water Requirements for unrestricted reuse. 
• Provide a basis for establishing treatment and conveyance upgrades needed for production and delivery 

of recycled water to City customers, including the Refinery. 

Based on discussions with the Refinery and Puckorius and Associates, Inc.’s analysis of the cooling tower 
operation and the cooling tower metallurgy/materials of construction, treatment upgrades at the City’s 
wastewater treatment plant will primarily need to address the following: 
• Ammonia (NH3): NH3 in the recycled water needs to be reduced to less than or equal to 1 milligrams per 

liter (mg/L) (monthly average) for the protection of the Admiralty brass heat exchangers.  
• Turbidity/Suspended Solids: Filtration of secondary effluent is required to meet the DDW Title 22 

unrestricted reuse regulations. Filtration is expected to reduce suspended solids to less than 5 mg/L 
and turbidity to less than 2 Nephelometric Turbidity Units (NTU), which would be beneficial to the 
Refinery and might eliminate the current use of the Precipitator.  

• Orthophosphate: The phosphate (PO4) level in the recycled water needs to be < 3 mg/L as PO4.  
• Total and Dissolved Manganese: The average total and dissolved manganese objectives were lowered 

during more recent discussions with Nalco. Particulate manganese will be removed through the filtration 
step and dissolved manganese needs to be less than or equal to 50 micrograms per liter (µg/L) 
(monthly average) and less than 225 µg/L averaged over a 24 to 48-hour period.   

• Chloride: The current chloride concentrations in the wastewater effluent could cause corrosion of the 
300 series stainless steel heat exchangers. The Refinery has indicated it will accept a maximum of 
1,500 mg/L chloride in the cooling tower water or 180 mg/L in the recycled water at eight cycles of 
concentration (COC).  

Treatment upgrades will also include disinfection to meet the Title 22 total coliform regulations. 

Preliminary specifications were developed (Table 3-4) for inclusion in the preliminary recycled water user 
agreement between the City and the Refinery and are based on protecting the Refinery’s assets, meeting 
DDW’s Title 22 unrestricted reuse requirements, enabling the Refinery to operate the cooling towers at 6 to 
8 COC, and maintaining the City’s current effluent quality for select constituents.  
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Section 1: Introduction 
The Valero Benicia Refinery (Refinery) uses raw water, supplied by the City of Benicia (City), for cooling tower 
makeup water, boiler feed water, and other process uses. This project focuses on the provision of recycled 
water for use as cooling tower makeup water to serve the Refinery’s Naphtha Reformer, Pipe Still, Coker, 
and Cogen facilities. The Refinery’s boiler feed water system and other processes will continue to be 
supplied raw water.  

The Refinery prepared a comprehensive and detailed survey of the materials of construction, metallurgy and 
operating conditions of the cooling towers and associated equipment that is in contact with cooling water for 
the purpose of developing a recycled water specification that is protective of their assets. The survey 
identified heat exchangers with Admiralty brass, 300 stainless steel series, carbon steel, and Duplex 
stainless steel materials of construction.  

High chloride levels in the cooling water can result in unacceptable levels of corrosion in the 300 series 
stainless steel heat exchangers. Admiralty brass heat exchangers (70 percent copper and 30 percent 
zinc) require essentially non-detect levels of ammonia (NH3) in the recirculated cooling water to prevent 
unacceptable levels of corrosion. For all types of heat exchangers, suspended solids in the cooling 
tower water are a critical parameter; a turbidity of less than 5 Nephelometric Turbidity Units (NTU) is 
needed to prevent deposits, which can lead to pitting and corrosion. 
This technical memorandum (TM) is organized as follows: 
• Sections 1 through 5: Provide a summary of the existing Refinery operations, cooling tower water 

treatment program, wastewater effluent quality, projected recycled water quality, cooling tower makeup 
water limits, and preliminary recycled water quality specifications. 

• Attachment A: Includes the detailed analysis, prepared by Puckorius and Associates, Inc. of Refinery 
operations and the basis for the recycled water quality specifications.  

• Attachment B: Includes a summary of wastewater effluent characterization program, and data.  
• Attachment C: Provides email correspondence with Nalco on the development of recycled water limits 

for the cooling tower makeup water. 
• Attachment D: Includes probability plots of the effluent characterization data. 

Section 2: Existing Operation 
The existing cooling tower operation and water quality specifications are summarized in the sections below. 

2.1 Raw Water Quality 
The City delivers to the Refinery raw water that is a blend of several sources that include the State Water 
Project, Solano Project (Lake Berryessa), and Lake Herman. Raw water quality varies throughout the year for 
various constituents, but typically has low conductivity (average of 350 microSiemens per cm [µS/cm]), low 
total hardness (120 milligrams per liter [mg/L] as calcium carbonate [CaCO3]), low chloride (20 mg/L), and 
non-detectable levels of NH3 (less than 0.2 mg/L as NH3). Total suspended solids and turbidity are more 
variable in the raw water than other constituents. Peak concentrations typically occur from January to June 
and the lowest concentrations typically occur from July to December.   
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2.2 Cooling Tower Treatment Program 
Due to the variability in the raw water quality, the Refinery treats raw water prior to use in the cooling towers, 
as shown in Figure 2-1. 

 

 
Figure 2-1. Refinery raw water system 

The current cooling tower water treatment program is provided and maintained by Nalco. A Precipitator is 
used remove suspended solids. The Precipitator is effective in reducing the suspended solids, as evidenced 
by its effluent turbidity of less than 5 NTU. Nalco utilizes a phosphate (PO4)/polymer/copper inhibitor 
program supported by a microbiological program of sodium hypochlorite (bleach) and a non-oxidizing biocide 
periodically if needed.  

Table 2-1 provides a summary of the cooling water makeup specifications (i.e., cooling tower feed water) and 
Table 2-2 provides a summary of the cooling tower water operating targets (i.e., cycled water sent to the heat 
exchangers). 

 
Table 2-1. Existing Cooling Tower Feed Water Specifications (Precipitator Effluent)a 

Parameter Target 

Turbidity, NTU < 5 

NH3, mg/L as NH3 <2.0 

a. Refinery cooling tower operating ranges as provided by Nalco Company. Ranges are for 
makeup water sent to the cooling tower via the precipitator. 
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Table 2-2. Current Cooling Water Operating Targetsa 

Parameter Target 

Conductivity (µS/cm) 6,000 Max 

pH 7.5-8.2 

Unfiltered orthophosphate, (mg/L as PO4) 10-18 

Filtered orthophosphate (mg/L as PO4) Within 2 mg/L of unfiltered 

Total alkalinity (mg/L as CaCO3) 50-100 

Calcium hardness (mg/L as CaCO3) 200-900 

Polymer dispersant (mg/L as product) 40-80 

Chlorine residual (mg/L as Cl) 0.1-0.5 

Silica, (mg/L as SiO2) <150 

Oil and grease, ppm 0 

NH3 (mg/L as NH3) 0 

Volatile Organic Carbon (VOC), mg/L <1 

a. Refinery cooling water target operating ranges as provided by Nalco Company. Ranges are for water sent to heat 
exchangers, after it has been cycled up in the cooling tower. 

 

The current cooling water treatment program, as reported by the Refinery, is effective in controlling scaling, 
corrosion and microbiological growth in the heat exchangers and the Refinery is able to operate at 6 to 
8 cycles of concentration (COC).  

Section 3: Recycled Water Quality 
This section provides a summary of the City’s existing wastewater effluent quality, the makeup water quality 
limits, as well as the preliminary water quality specifications that can be used for the development of a 
recycled water agreement between the City and the Refinery. 

3.1 Existing City Wastewater Effluent Quality 
A comprehensive effluent characterization plan was developed as part of the feasibility study 
(Attachment B). The objective of the plan was to generate a year-long data set on the City’s wastewater 
effluent quality for determining the feasibility of using this water at the Refinery for cooling tower makeup. 
The City’s effluent was monitored for parameters that will be considered for protection of the Refinery’s 
assets, meeting recycled water regulations, and permitting the project. The characterization program began 
in September 2015 and continued for one calendar year. The data set establishes a baseline for wastewater 
effluent quality and captures seasonal variability. At the end of March 2016, monitoring frequencies of 
select parameters were reduced, and others (dissolved iron, copper and manganese) were added to the 
monitoring list. Table 3-1 provides a summary of effluent characterization data for select parameters 
collected between September 15, 2015 and September 16, 2016. Refer to Attachment B for the complete 
effluent characterization data set.  
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Table 3-1. Current City Wastewater Effluent Qualitya 

Parameter Units Number of Samples Averageb Rangeb 95th Percentileb 

NH3 mg/L as NH3 117 25.1 11 to 38 34 

Bromide mg/L 94 0.43 0.20 to 0.87 0.63 

Chloride mg/L 120 193 153 to 269 248 

Conductivityc µS/cm 135 1,322 1,081 to 1,558 1,467 

Orthophosphate  mg/L as PO4 81 6.4 0.7 to 22.1 17.2 

Orthophosphate  mg/L as P 81 2.1 0.2 to 7.2 5.6 

pH pH units 138 7.2 6.8 to 7.5 7.4 

Silica mg/L as SiO2 94 13.7 5.7 to 18 18 

Sulfate mg/L as SO4 112 125 3 to 159 145 

Total alkalinity mg/L as CaCO3 96 260 125 to 364 348 

Total dissolved solids mg/L 86 747 583 to 912 849 

Total hardness mg/L as CaCO3 118 220 79 to 325 309 

Total suspended solids mg/L 16 4.9 2.5 to 12.0 9.2 

Turbidityc NTU 122 3.2 1.2 to 9.9 6.3 

Zinc µg/L 118 23.2 2.1 to 105.1 55.4 

a. Based on results from wastewater effluent characterization of the City’s effluent (post-disinfection unless noted otherwise) 
conducted from September 15, 2015 through September 16, 2016. Refer to Attachment B for a complete data set. 

b. Nondetect values were assigned a value of the method detection limit. 
c. Values are based on results of characterization of the City’s secondary effluent (pre-disinfection) conducted from 

September 16, 2015 to November 19, 2015. 
µg/L = micrograms per liter. 

 

Effluent data were routinely reviewed, and data anomalies were eliminated from the set. There were minimal 
data points that were removed; however, there was a three-week period in March 2016 when strontium and 
barium spikes were observed. These spikes did not reoccur during the characterization program and are 
believed to have been due to either sampling or analytical error.  Similarly, there was one total iron spike 
observed in September 2015 that was removed from the data set. Dissolved copper results were often 
higher than the total copper results, which may indicate a sampling, analytical or reporting error. The 
dissolved copper results that were higher than total copper results were removed from the data set.  
Attachment B includes a summary of the data that were removed from the set.   

3.2 Cooling Tower Makeup Water Quality Limits 

Elevated concentrations of dissolved salts, metals and organics in recycled water can lead to corrosion, 
solids deposition, and biological growth in the Refinery’s cooling towers and heat exchangers. An evaluation 
of the Refinery’s cooling tower system and current operation was performed, and recirculation water limits 
were developed with input from the Refinery and Nalco (refer to Attachment C for email correspondence). 
Cooling tower makeup water limits were then developed, assuming an 8 COC operation. The water quality 
limits presented in Table 3-2 were based on producing recycled water that is protective of the Refinery’s 
assets and will meet the Division of Drinking Water’s (DDW)’s Title 22 Recycled Water regulations for 
unrestricted reuse (Title 22 regulations). These limits provide the basis for identified treatment upgrades 
and the preliminary recycled water specifications that are presented in Section 3.4.  
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Table 3-2. Makeup Water Quality Limits for Protection of the Refinery’s Assets and Title 22 Compliance  

Parameter Units 

Makeup Watera,b 
Recirculation 
Water Limitsa 

City’s Current Wastewater 
Effluent Qualityc 

Average Monthly 
Limit 

Maximum 
Daily Limitd Average 95th Percentile 

Alkalinity mg/L as CaCO3 50 60 400 260 348 

Aluminum µg/L 50 250 400 7.7 17.6 

NH3 (as N) mg-N/L < 1 4 8 25 34 

Barium µg/L 300 500 2,400 14.1 24 

Biological Oxygen Demande  mg/L 3 20 24 5.5 10.5 

Boron mg/L 600 2,000 4,800 470 548 

Bis(2-ethylhexyl)phthalate) µg/L NA NA NA 0.6 0.6 

Bromide mg/L 1.0 15.0 8.0 0.4 0.6 

Calcium Hardness mg/L as CaCO3 115 150 920 88 125 

Chemical Oxygen Demand mg/L 65 120 520 45 68 

Chloride mg/L 188 225 1,500 193 248 

Copper, Dissolved µg/L 5 10 40 4.6 6.3 

Copper, Total µg/L 20 50 160 4.7 9.3 

Fluoride mg/L 1.2 1.3 9.8 0.9 1.0 

Iron, Dissolved µg/L <250 300 2,000 141 200 

Iron, Total µg/L 500 2,000 4,000 236 433 

Magnesium Hardness mg/L as CaCO3 <150 200 1,200 132 188 

Manganese, Dissolved µg/L <50 225 400 77 85 

Manganese, Total µg/L 75 400 600 92 114 

Nitrate (as N) mg-N/L NA NA NA 3.4 8.8 

Total Kjeldahl Nitrogen mg-N/L NA NA NA 25 36 

Orthophosphate 
mg/L as P 

mg/L as PO4 
0.7 
2.2 

1.0 
3.0 

5.8 
17.8 

2.1 
6.4 

5.6 
17.2 

pH pH units 7.3 6.8 NA 7.2 7.4 

Selenium µg/L NA NA NA 1.3 3.7 

Silica mg/L <16 23 96 13.7 18.0f 

Specific conductance µmhos/cm 1,500 2,000 12,000 1,322 1,467 

Strontium µg/L 1,700 2,000 13,600 326 533 

Sulfate mg/L 135 185 1,080 125 145 

Total coliformg MPN/100 mL 2.2 <240 NA -- -- 

Total dissolved solids mg/L NA NA NA 747 849 

Total organic carbon mg/L NA NA NA 12.7 16.7 

Total suspended solids mg/L 5 10 40 4.3 8.1 
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Table 3-2. Makeup Water Quality Limits for Protection of the Refinery’s Assets and Title 22 Compliance  

Parameter Units 

Makeup Watera,b 
Recirculation 
Water Limitsa 

City’s Current Wastewater 
Effluent Qualityc 

Average Monthly 
Limit 

Maximum 
Daily Limitd Average 95th Percentile 

Turbidityh NTU 2.0 <10.0 16.0 3.2 6.3 

Vanadium µg/L 10 250 80 1.8 2.6 

Zinc µg/L 10 600 80 23 55 

a. Refer to Attachment C which provides email correspondence with Nalco in development of the makeup water and recirculation water limits for 
the protection of the Refinery’s assets. 

b. The makeup water limits are based on the recirculation limit and an 8 COC operation. 
c. Refer to Attachment B for complete analysis of City’s effluent data. The average and the 95th percentile value shown in this table are based on 

effluent characterization data collected between September 15, 2015 through September 16, 2016. 
d. Maximum daily limits presented are acceptable for a 24 to 48-hour period. 
e. NA indicates that a limit is not applicable for meeting Title 22 regulations or for protection of the Refinery’s assets.  The parameter was 

monitored to characterize the City’s effluent and may be relevant for subsequent permitting efforts. 
f. 95th percentile value also is the maximum detected concentration during the characterization period.  Refer to Attachment D for complete data 

set. 
g. Total coliform limits are based on Title 22 regulations which require a seven-day median not to exceed value of 2.2 MPN/100 mL.  Effluent 

shall not exceed a total coliform of 23 MPN/100 mL more than once over a 30-day period and shall not exceed 240 MPN/100 mL at any time. 
The City’s effluent data was not characterized for total coliform.  Total coliform limits will be met and disinfection will be designed to meet the 
Title 22 chlorine contact time regulations. 

h. Turbidity limits are based on Title 22 regulations which require a daily average turbidity of 2.2, and a not to exceed value of 5 NTU for more 
than 5 percent of the time over a 24-hour period.  Effluent shall not exceed 10 NTU at any time. 

 

The following parameters were identified because the City’s effluent exceeds the limits in Table 3-2 and the 
parameters provide the basis for treatment upgrades:  
• NH3: NH3 in the recycled water will need to be reduced to less than or equal to 1 mg/L as NH3 for 

protection of Admiralty brass heat exchangers. NH3 removal can be achieved with biological treatment 
(i.e., nitrification). Nitrification will also reduce the total alkalinity in the recycled water by half or more. 

• Alkalinity: Nitrification (for NH3 removal) will consume alkalinity in the wastewater and alkalinity addition 
will likely be needed to support nitrification. The treatment upgrades will include provisions for alkalinity 
addition. It is expected that alkalinity in the recycled water will be lower than current concentrations. 

• Turbidity/Suspended Solids: Filtration of secondary effluent, which is required to meet the DDW Title 22 
unrestricted reuse regulations, would produce recycled water with an average turbidity of less than 
2 NTU. Filtration is expected to reduce suspended solids to less than 5 mg/L. This would be beneficial to 
the Refinery and might eliminate the current use of the Precipitator. With very low turbidity (suspended 
solids), heat exchanger deposits would be reduced substantially or more easily handled by the Nalco 
dispersants likely reducing deposit buildup and cleaning of heat exchangers. 

• Orthophosphate: Orthophosphate reduction in the wastewater is needed to enable the Refinery to 
continue to operate the cooling towers at 6 to 8 COC. The current orthophosphate concentrations in the 
wastewater effluent would result in cooling tower water having a concentration ranging from 43 to 
170 mg/L (as PO4). This level of PO4 would cause severe heat exchanger scaling or require a reduction 
in COC to less than 3, or operation of the cooling water at a lower pH with higher levels of scale 
inhibitors. The PO4 level in the cooling tower feed water needs to be less than 3 mg/L (as PO4) to enable 
the Refinery to continue operating at 6 to 8 COC. 
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• Total and Dissolved Manganese: The monthly average total and dissolved manganese limits were 
lowered during recent discussions with Nalco. The City’s effluent manganese concentration is slightly 
higher than the makeup water limit in Table 3-2. Particulate manganese will be removed during the 
coagulation and filtration step. The secondary system upgrades will include operating the biological 
system at a longer solids retention time with additional aeration to perform nitrification. The additional 
aeration will likely result in oxidation of dissolved manganese, thereby lowering the detected 
concentration in the recycled water.  Additionally, chemical addition (e.g., sodium hypochlorite) can be 
provided in the flocculation basins (upstream of the tertiary filters) to oxidize dissolved manganese to a 
particulate form that can be removed during the filtration step.  Additional testing is recommended to 
confirm the removal of manganese with the secondary, tertiary and disinfection treatment upgrades as 
well as the sodium hypochlorite dosage necessary for oxidation of manganese, if needed.  

• Chloride: The current chloride concentrations in the wastewater effluent could cause corrosion of the 
300 series stainless steel heat exchangers. At 6 to 8 COC in the cooling towers, the level of chloride 
would be as high as 1,600 to 2,150 mg/L. The Refinery has indicated it will accept a maximum of 
1,500 mg/L chloride in the cooling tower water or 180 mg/L in the recycled water at 8 COC.  

The treatment upgrades will also provide disinfection to meet the Title 22 regulations, which is addressed in 
detail in TM2: Treatment Alternatives Screening. 

Several parameters in Table 3-2 do not include limitations. This is because these parameters were identified 
as not critical in protection of the Refinery’s assets or for meeting regulations.  These parameters will be 
considered in subsequent permitting efforts.  

3.3 Projected Recycled Water Quality 
The proposed treatment upgrades are detailed in TM2: Treatment Alternatives Screening and include: 
• Secondary treatment upgrades for nitrification and partial denitrification of the City’s wastewater, 
• Coagulation and flocculation for precipitation of orthophosphate and manganese, 
• Filtration for removal of suspended solids (and turbidity), and 
• Chlorination for disinfection to meet the Title 22 regulations. 

Table 3-3 presents the projected recycled water quality for select constituents after the treatment upgrades. 

 
Table 3-3. Projected Recycled Water Quality After Treatment Upgradesa  

Parameter Units Average Monthly Maximum Daily 

Alkalinity mg/L as CaCO3 80 100 

NH3 mg-N/L 1 4 

Biological Oxygen Demand mg/L <5 10 

Nitrate mg-N/L 20 45 

TSS mg/L 5 10 

a. Assumes 100% recycled water for all constituents. If potable water blending is implemented, the 
concentrations in the blended water would be lower. 

 

As discussed above, Table 3-2 shows that the current level of alkalinity exceeds the makeup water limit but 
will be reduced along with NH3 when the City’s wastewater treatment plant is upgraded for improved 
nitrification. In fact, the level of alkalinity may actually be insufficient for complete nitrification, so the 
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proposed treatment upgrades include provisions for sodium hydroxide (caustic soda) addition. The 
concentrations presented in Table 3-3 for alkalinity are the recommended concentrations for maintaining 
nitrification in the biological system, minimizing biological upsets, and allowing for standard materials of 
construction. Chemical compatibility of materials of construction for recycled water pumping, conveyance 
and storage will need to be confirmed if a lower alkalinity water were produced, as it might be more 
corrosive. The higher alkalinity concentrations in the recycled water are not anticipated to have a negative 
impact on the Refinery’s assets, but may require pre-treatment (e.g., chemical addition) by Nalco to reduce 
alkalinity to the target limits in Table 3-2. 

Chloride levels in the City’s wastewater are significantly higher than the chloride levels in the raw and/or 
potable water and are higher than the preliminary recycled water objective. Options for chloride reduction in 
the effluent include source control, blending of recycled water with raw or potable water, and advanced 
treatment such as reverse osmosis, ion exchange and/or electrodialysis. The treatment technologies 
available for chloride reduction have high capital and operating costs and therefore are not preferred. 
Source control to identify chloride sources in the collection system would likely be the most cost-effective 
solution to reducing chloride concentrations. The City is currently undergoing a study to identify chloride 
sources and identify solutions that could effectively reduce chloride in the recycled water. The source control 
investigation is ongoing and it is anticipated that the City will have conclusions by 2017. If the chloride levels 
cannot be kept consistently at or below 180 mg/L in the wastewater effluent, blending recycled water with 
raw or potable water may be a cost-effective alternative. Blending with raw water could reduce all 
constituents except suspended solids, which are high at times in the raw water. If raw water blending were 
implemented, pretreatment (e.g., at the City’s plant or at the Refinery via the Precipitator) would be needed 
to reduce turbidity. Potable water is an alternate solution that would not require additional treatment prior to 
blending with recycled water. 

3.4 Preliminary Recycled Water Quality Specifications 
Preliminary recycled water quality specifications are presented in Table 3-4 and assume an 8 COC operation. 
The intent of Table 3-4 is to provide a preliminary summary of specifications for insertion into a recycled 
water user agreement between the City and the Refinery.  The specifications will be updated and modified 
accordingly during subsequent project phases. Table 3-4 is based upon the following key elements: 
• The specifications for NH3, orthophosphate, chloride, TSS, total and dissolved manganese are based on 

the objectives identified by Nalco and the Refinery for protection of the cooling towers and heat 
exchangers. Treatment upgrades and/or blending will be implemented so that recycled water meets the 
specifications. 

• Total coliform specifications are included in Table 3-4 because they are a Title 22 regulation.  Treatment 
upgrades will include chlorination for disinfection to meet Title 22 regulations. 

• Nitrate concentrations in the recycled water will increase due to the treatment upgrades.  The increased 
concentrations will not have a negative impact on the Refinery’s operations. The specifications for 
nitrate are based on estimates of the projected recycled water quality.  

• Alkalinity concentrations in the recycled water are expected to be higher than the target limits in 
Table 3-2.  This is not expected to have a negative impact on the Refinery’s assets, but may contribute 
to additional pre-treatment by Nalco to reduce alkalinity (with chemical addition) to the target limits.   

• A number of constituents in the City’s effluent are below the makeup water limits presented in 
Table 3-2.  For these constituents, performance-based average monthly and maximum daily 
specifications were developed using the Environmental Protection Agency’s (EPA)’s permit limit 
derivation methodology (Attachment E of the EPA Technical Support Document for Water Quality – 
based Toxics Control, September 1985).  This approach was taken to develop limits that will maintain 
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today’s effluent quality (and exceed the cooling tower limits presented in Table 3-2), while still having 
achievable average monthly and maximum daily limits. This methodology was applied to constituents 
such as aluminum, barium, boron, etc. The effluent data was reviewed to confirm a lognormal 
distribution and Attachment D provides probability plots for each parameter. The average monthly and 
maximum daily limits for these constituents were developed assuming non-detects were equal to the 
method detection limit. As these recycled water specifications are further developed and finalized, this 
approach should be refined to account for constituents that have a significant number of nondetect 
results.  

  
Table 3-4. Preliminary Recycled Water Specifications  

Parameter Units 

Makeup Watera 

Notes 
Average Monthly 

Limit 
Maximum Daily 

Limit 

Alkalinity mg/L as 
CaCO3 80 100 Specification based on projected recycled water quality (Table 3-3) 

Aluminum µg/L 10.7 27.5 Performance based limit developed using EPA methodologyb 

NH3 (as N) mg-N/L < 1 4 Specification based on projected recycled water quality (Table 3-3) 

Barium µg/L 16.8 30.6 Performance based limit developed using EPA methodologyb 

Biological oxygen demand  mg/L 3 20 Specification based on cooling tower limits (Table 3-2)d 

Boron mg/L 492 610 Performance based limit developed using EPA methodologyb 

Bis(2-ethylhexyl)phthalate µg/L 0.6 0.6 Performance based limit based on City’s effluent compliance 
monitoring data 

Bromide mg/L 0.48 0.71 Performance based limit developed using EPA methodologyb 

Calcium Hardness mg/L as 
CaCO3 99 150 Specification based on cooling tower limits (Table 3-2)e 

Chemical Oxygen Demand mg/L 51 73 Performance based limit developed using EPA methodologyb 

Chloride mg/L 188 225 Specification based on cooling tower limits (Table 3-2)f 

Copper, Dissolved µg/L 5 10 Specification based on cooling tower limits (Table 3-2)d 

Copper, Total µg/L 5.8 12.0 Performance based limit developed using EPA methodologyb 

Fluoride mg/L 0.9 1.0 Performance based limit developed using EPA methodologyb 

Iron, Dissolved µg/L 166 252 Performance based limit developed using EPA methodologyb 

Iron, Total µg/L 278 485 Performance based limit developed using EPA methodologyb 

Magnesium Hardness mg/L as 
CaCO3 150 200 Specification based on cooling tower limits (Table 3-2)e 

Manganese, Dissolved µg/L <50 225 Specification based on cooling tower limits (Table 3-2)f 

Manganese, Total µg/L 75 400 Specification based on cooling tower limits (Table 3-2)f 

Nitrate (as N) mg-N/L 20 45 Specification based on projected recycled water quality (Table 3-3) 

Total Kjeldahl Nitrogen mg-N/L 29 48 Performance based limit developed using EPA methodologyb 

Orthophosphate 
mg/L as P 

mg/L as PO4 
0.7 
2.2 

1.0 
3.0 

Specification based on projected recycled water quality (Table 3-3) 

pH pH units 7.3 6.8 Specification based on projected recycled water quality (Table 3-3) 

Selenium µg/L 2.4 7.7 Performance based limit developed using EPA methodologyb 
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Table 3-4. Preliminary Recycled Water Specifications  

Parameter Units 

Makeup Watera 

Notes 
Average Monthly 

Limit 
Maximum Daily 

Limit 

Silica mg/L <16 23 Specification based on cooling tower limits (Table 3-2) e 

Specific conductance µmhos/cm 1,370 1,547 Performance based limit developed using EPA methodologyb 

Strontium µg/L 364 587 Performance based limit developed using EPA methodologyb 

Sulfate mg/L 135 185 Specification based on cooling tower limits (Table 3-2)e 

Total coliform  MPN/100 mL 2.2 <240 Specification based on Title 22 Regulationsf 

Total suspended solids mg/L 5 10 Specification based on cooling tower limits (Table 3-2)f 

Turbidity  NTU 2.0 <10.0 Specification based on Title 22 Regulationsf 

Vanadium µg/L 2.0 2.8 Performance based limit developed using EPA methodologyb 

Zinc µg/L 33 85 Performance based limit developed using EPA methodologyb 

a. Makeup water specifications refer to recycled water prior to pretreatment by the Refinery or Nalco.  The concentrations shown are based on 
operating the cooling towers at 8 COC and do not reflect the recirculation water. 

b. Limits developed using EPA’s permit limit derivation methodology described in Attachment E of the EPA Technical Support Document for Water 
Quality – based Toxics Control, September 1985. Limits assume ten samples per month and use the effluent characterization data set from 
September 15, 2015 through September 16, 2016. 

c. Assumes compliance is upstream of chlorination system at the Refinery.  In discussions with Nalco and the Refinery, COD may be substituted 
for BOD because it provides more timely results that are indicative of the biological growth potential. 

d. Due to the limited number of dissolved copper data points (seven data points), the limits for dissolved copper in Table 3-2 were used for the 
specifications. 

e. Because the City’s effluent quality does not significantly exceed the makeup water quality limit, the limits in Table 3-2 were used for the 
specification. 

f. Treatment upgrades were developed to meet the recycled water specification. 

 

Section 4: Conclusions 
Makeup water limits for operation of the cooling towers at 8 COCs were developed with input from Nalco and 
the Refinery (Table 3-2). Treatment upgrades at the City’s wastewater treatment plant are needed to 
address the DDW Title 22 regulations and to meet the makeup water limits for NH3, orthophosphate, total 
suspended solids, chloride and manganese.   

There are several types of dissolved solids in the City’s wastewater effluent that could be beneficial to the 
cooling tower operation and reduce the Refinery’s cooling tower treatment program as follows:  
• Nitrification will increase nitrate concentrations in the recycled water. Nitrate is a stainless steel 

corrosion inhibitor and assists in mild steel corrosion control. It is expected that the nitrate 
concentration in the recycled water would be between 80 to 200 mg/L as NO3.  

• PO4 reduction to 2 to 3 mg/L orthophosphate (as PO4) in the recycled water could reduce or eliminate 
the PO4 cooling water treatment needed for mild steel corrosion control. 

• Br at an average of 0.5 mg/L, (as Br) will assist chlorine in microbiological control. 
• A small level of zinc at 0.03 mg/L (as Zinc) at 8 COC can provide some mild steel corrosion assistance. 
• A chlorine residual in the recycled water will provide some reduction in the chlorine addition needed for 

microbiological control at the cooling towers.  
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A preliminary recycled water specification was developed that includes the projected recycled water quality 
after treatment upgrades are constructed. For certain constituents, the City’s wastewater effluent exceeds 
the cooling tower makeup water limits.  For these constituents, the recycled water specifications were 
developed using EPA’s permit limit derivation methodology.  This methodology was selected to develop 
specifications that will maintain the City’s current effluent quality while still having achievable average 
monthly and maximum daily limits. Table 3-4 provides the preliminary recycled water specifications that will 
be further developed and refined during subsequent project phases.  
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Attachment A: Puckorius & Associates, Inc. City of Benicia 
Water Reuse Evaluation 
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DRAFT REPORT:  CITY OF BENICIA WATER REUSE STUDY  
 
 
Section 1 Introduction- Benicia Water Reuse Project 
 
The City of Benicia (City) has offered to conduct a study for the Valero Benicia Refinery to supply 
recycled water (treated wastewater) to replace City supplied raw (fresh) water for the Refinery cooling 
tower water systems. Currently the Refinery is using approximately 2 million gallons per day (mgd) of 
raw water which provides 6 to 8 cycles of concentration (COC) in the Refinery cooling towers.  The 
Refinery would like to keep the COC of the cooling towers at the same level thus the recycled water 
supply should be essentially the same as the current use of raw water. 
 
The use of recycled wastewater for cooling towers systems requires an understanding of the final 
recycled water quality and its impact on the heat exchange metallurgy of the Refinery heat 
exchangers. Thus the refinery needs to specify a recycled water quality that will be acceptable. This   
means that the Refinery needs to identify all of the cooling water contacted surfaces including the 
cooling tower, circulating water piping, and heat exchanger metallurgy and their operating conditions 
to assure that acceptable protection will be obtained from the recycled water quality. 
 
 
Section 2 Current Cooling Tower Makeup Water 
 
The Refinery has been using raw water supplied by the City. This raw water is supplied from several 
sources usually due to seasonal variations thus varies substantially in various constituents. Table 2-1 
provides the raw water quality showing the average and the range of various water values for 
7/1/2010 to 6/5/2015. Peak concentrations generally were measured from January to June. The 
lowest concentrations were measured from July to December in almost every year for most of the raw 
water constituents. It should be noted that turbidity, an indirect measure of suspended solids is quite 
high at times. Suspended solids are critical to refinery water cooled heat exchanges due to potential 
deposit build up and loss in heat transfer and product production. 
 
The Refinery utilizes a “Precipitator” to remove essentially all of the suspended solids prior to sending 
the water to the cooling towers as makeup. There are no filters after the “Precipitator”. This reduces 
the turbidity, (i.e., the suspended solids) to less than 5 NTU. The Refinery also treats the 
“Precipitator” effluent with chlorine to control microbiological organisms at levels of 0.2 to 1.5 (ppm as 
chlorine). No other changes occur to the raw water going to the cooling towers.   
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Table 2-1 City of Benicia Raw Water Quality 
 

Parameter Average Range 
Conductivity, umhos 400 200 – 600 

Total Hardness, ppm as CaCO3 125 60 – 200 

Calcium Hardness, ppm as CaCO3 70 35 – 110 

Silica, ppm as SiO2 15 5 - 22 

Turbidity, NTU 50 0 – 100 

Total Alkalinity, ppm as CaCO3 170 80 - 230 

Chlorides, ppm as Cl 20 10 - 30 

Sulfate, ppm as SO4 10 5 – 20 

pH 7.5 6.8 - 7.8 

Ammonia, ppm as NH3 <0.2 0.0 – 0.2 
 
 
Section 2.1 Current Raw Water Use in Refinery 
 
The raw water currently is used for cooling towers makeup, boiler feed water, and other uses.  The 
boiler feed and other water uses will not be receiving recycled water at this time. This includes the 
cooling water serving the Naphtha Reformer, Pipe still, Coker, and CoGen facilities. They will remain 
on “Precipitator” effluent. 
 
Section 2.1.1 Additional cooling tower makeup water 
 
The Refinery currently discharges approximately 110 gallons per minute (gpm) of a reject water 
stream from a reverse osmosis (RO) unit to the Precipitator’s effluent to the cooling towers.  This high 
total dissolved solids (TDS) water contributes only a slight increase in dissolved solids to the cooling 
towers. If it does add a significant quantity of TDS with recycled water it can be diverted.      
 
Section 2.2 Cooling Tower Systems  
 
There are two (2) large cooling towers, CT-2401 and CT-2402 and one (1) small cooling tower CT-
4901 currently using precipitator effluent raw water that would be selected to use recycled water 
produced by the City. Detailed information has been provided by the Refinery on the cooling water 
contacted equipment in each of the cooling towers relative to the materials of construction, metallurgy 
and operating conditions that maybe impacted by the recycled water quality.  
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This survey was primarily updated by the Refinery to understand the composition and operation of 
their cooling water contacted equipment and to assist in identifying the cooling tower makeup water 
quality that would be acceptable.  This survey is greatly appreciated and assisted in determining the 
recycled water quality and its limits that is needed for the Refinery cooling towers.   
 
The primary concern by the Refinery is that the 300 series stainless steel heat exchangers could 
experience unacceptable corrosion by high chloride levels in the recycled water. Also the level of 
ammonia needs to be essentially zero to prevent unacceptable corrosion of the Admiralty brass 
(70% copper & 30% zinc) heat exchangers. The suspended solids also should be kept to a 
turbidity less than 5 NTU to prevent deposits in all heat exchangers. 
 
Section 2.2.2 Normal Operating Conditions of Refinery Heat Exchangers 
The survey data provided by the Refinery included process temperatures, water temperatures out of 
the heat exchangers and water velocities through the heat exchangers. This information identifies any 
potential for deposits such as scale and fouling in critical heat exchangers.  
 
Section 2.2.3 Current Cooling Water Treatment Program and Results 
 
Section 2.2.3.1 Current Cooling Water Treatment Program 
The current cooling water treatment program is being provided and maintained by Nalco.  It consists 
of a phosphate/polymer/copper inhibitor program supported by a microbiological program of sodium 
hypochlorite (bleach) and a non-oxidizing biocide periodically if needed. 
 
The following cooling tower water operating targets of water quality and water treatment is shown in 
Tables 2.2 and 2.3. 
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Table 2-2 Current Cooling Water Operating Targets1 

 
Parameter Target 

Conductivity, umhos 6,000 Max 

pH 7.5 -8.2 

Unfiltered Orthophosphate, (ppm as 
PO4) 

10-18 

Filtered Orthophosphate  
(ppm as PO4) 

Within 2 ppm of unfiltered 

Total Alkalinity (ppm as CaCO3) 50 -100 

Calcium Hardness  
(ppm as CaCO3) 

200-900 

Polymer dispersant  
(ppm as product) 

40 -80 
 

Chlorine Residual (, ppm as Cl) 0.1- 0.5 

Silica, (ppm as SiO2) <150 

Oil and Grease, ppm 0 

Ammonia (ppm as NH3) 0 

Volatile Organic Carbon (VOC), ppm <1 
1 -Valero Benicia cooling water target operating ranges as provided by NALCO Company. 
Ranges are for water sent to heat exchangers, after it has been cycled up in the cooling tower. 

 
 

Table 2-3 Cooling Tower Feed Water Specifications (Precipitator Effluent)1 
 

Parameter Target 
Turbidity, NTU < 5 

Ammonia, ppm as NH3 <2.0 
1 - Refinery cooling tower operating ranges as provided by NALCO Company. Ranges are for 
water sent to the cooling tower via the precipitator. 
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Section 2.2.3.2  Current Cooling Water Treatment Results 
 
The current cooling water treatment program as reported by the Refinery is providing good corrosion 
protection of the heat exchangers.  However, there are occasional times that high turbidity 
(suspended solids) has occurred resulting in deposition in some heat exchangers.  This has occurred 
even though the Precipitator is operating to reduce the turbidity (suspended solids) in the makeup 
water. We understand that the Precipitator occasionally is needed to soften boiler make up water and 
thus is not available to remove the suspended solids in the makeup water to the cooling towers.  The 
cooling tower COC can also be reduced to minimize the impact of the suspended solids, plus Nalco 
increases the polymer dispersants in the cooling tower water to assist in reducing the potential for 
deposition. 
 
During the fluctuation in the raw water dissolved mineral levels, the cooling water treatment has been 
effective in controlling the scale, corrosion, and microbiological problems to refinery acceptable 
levels.  The chloride levels are sufficiently low that even at 8 COC there is little concern with stainless 
steel corrosion. 

 
 
Section 2.2.4  Current Wastewater Quality versus Raw Water Quality 
 
The City wastewater currently has not been treated further to remove or reduce various constituents, 
however the wastewater quality is being analyzed extensively to identify the constituents that might 
need further removal or reduction to be acceptable to the Refinery as recycled makeup water to the 
cooling towers. 
The following table lists the current wastewater quality that is available with a very extensive sampling 
frequency and wastewater testing currently being done to be completed in early 2016. Table 2-3 also 
provides a comparison of the current raw water quality to the current wastewater effluent quality. 
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Table 2.3 City Raw Water and Wastewater Effluent Quality 
Parameter Raw Water Wastewater Effluenta 

Average Range Average Range 

Conductivity, umhos 400 200 to 600 1,200 1,100 to 1,300 

Total Hardness, ppm 
as CaCO3 

125 60 to 200 190 184 to 195 

Calcium Hardness, 
ppm as CaCO3 

70 35 to 110 80 75 to 90 

Silica, ppm as SiO2 5 5 to 22 15 13 to 16 

Turbidity, NTU 50 2 to 100 5.4c 3.2 to 9.9c 

Total Suspended 
Solids, ppm 

--b --b 6 3 to 12 

Total Alkalinity, ppm as 
CaCO3 

170 80 to 230 215 139 to 262 

Chlorides, ppm 20 10 to 30 220 180 to 269 

Sulfate, ppm as SO4 10 5 to 20 108 3 to 131 

pH 7.5 6.8 to 7.8 7.1 6.9 to 7.2 

Ammonia, ppm as NH3 <0.2 0.0 to 0.2 23 11 to 33 

Orthophosphate, ppm 
as PO4 

<2.0 0.5 to 2.0 12 5.4 to 21.6 

Orthophosphate, ppm 
as P 

<0.7 0.2 to 0.7 4 1.8 to 7.2 

a -  Based on results from wastewater effluent characterization of the City’s effluent (post-disinfection unless noted 
otherwise) conducted from 9/15/2015 to 11/1/2015 
b – Data was unavailable.   
c – Values are based on results of characterization of the City’s secondary effluent conducted from 9/15/2015 to 
11/1/12015. 
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2.2.4.2-   Comparison of Raw Water versus the Current Wastewater Quality 
  
This section identifies the treatment that needs to be done before it can be used at the Refinery for 
cooling tower makeup water. 
 

 Ammonia needs to be reduced to <2 ppm (as NH3) and would most likely be done by 
nitrification. Nitrification produces nitric acid from the ammonia, which would reduce the total 
alkalinity to almost half or less of what is in the current raw water. 

 
 The reduction in turbidity (suspended solids) by filtration of the wastewater would be very 

beneficial to the Refinery and might eliminate current use of the “Precipitator”. 
 

 Orthophosphate levels in the wastewater are currently too high since the cooling tower COC 
are carried at 6 to 8. At these cycles the level would range from a low of 43 to a high of 170 
ppm phosphate (as PO4). This level of phosphate would cause severe heat exchanger scaling 
or require a reduction in COC to less than 3, or operation of the cooling water at a lower pH 
with higher levels of scale inhibitors. The phosphate level in the makeup water needs to be 
approximately 2.5 ppm as PO4 to enable the Refinery to carry cooling tower cycles at 6 to 8.   

 
 The primary concern by the Refinery is the high chloride levels which could cause corrosion of 

the 300 series stainless steel heat exchangers. At 6 to 8 COC in the cooling towers, the level 
of chlorides would be as high as 1,600 to 2,150 ppm. This is the greatest concern by the 
Refinery and they would accept a maximum of 1,500 ppm chlorides in the cooling tower water 
or levels of 180 ppm in the final recycled water quality at 8 COC.  

 
Although concentrations of other dissolved minerals are higher then what is in the current raw water, 
Nalco feels that the current cooling water treatment program can be adjusted to provide good mild 
steel, copper alloy and stainless steel corrosion protection. With very low turbidity (suspended solids), 
heat exchanger deposits would be reduced substantially or more easily handled by the Nalco 
dispersants likely reducing deposit buildup and cleaning of heat exchangers. 
 
There are several benefits that the increased dissolved solids of the treated wastewater might provide 
in reducing cooling water treatment as follows: 
 

 Ammonia reduction by nitrification will provide a high level of nitrates in the makeup water, (i.e.  
23 ppm average ammonia (as NH3) would be converted to about 83 ppm of nitrates [as NO3]).  
That would provide from 500 to 660 ppm nitrates (as NO3) in the cooling towers if COC is 6 to 
8. Nitrates are stainless steel corrosion inhibitors and assist in mild steel corrosion control. 
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 Phosphate reduction to 2 to 3 ppm orthophosphate (as PO4) is acceptable in the final 
wastewater effluent and actually can reduce or eliminate the phosphate cooling water 
treatment needed for mild steel corrosion control. 

 Several other soluble waste water constituents can provide some assistance to the cooling 
water treatment program. Bromide at an average of 0.5 ppm, (as Br) will assist chlorine in 
microbiological control while even the small level of zinc at 0.03 ppm (as Zn) at 8 COC can 
provide some mild steel corrosion assistance. 

 The wastewater will also contain a level of chlorine as it leaves the wastewater treatment plant. 
This level should reduce the amount of chlorine needed for microbiological control when it 
reaches the cooling towers.  

 
Section 2.2.5  Accomplishing Acceptable Recycled Water Quality 
 
To obtain the acceptable recycled water quality as refinery cooling tower makeup water and still be 
able to maintain cooling tower cycles at 6 to 8 the following is needed: 
 

 The City’s wastewater chloride levels need to be reduced to a maximum of 180 ppm. 
 
The City is studying their wastewater sources and treatment in an attempt to find and reduce 
the chloride level to 180 ppm in their final effluent. This study is ongoing and it is anticipated 
that the City will have conclusions by mid-2016. If the chloride levels cannot be kept 
consistently at or below 180 ppm in the wastewater effluent, a possible solution is to blend the 
recycled water with raw or potable water.  The blending could be performed at the City’s 
wastewater plant or at the Refinery.  The blend might be 70 to 80 percent recycled water.  
 

           Blending recycled water and raw water can also reduce all water constituents except 
           suspended solids, which is higher at times in the raw water. If the waters are blended at the 
           Refinery, the Precipitator might still be needed to reduce the turbidity. To avoid this, the waters 

could be blended at the wastewater plant upstream of final filtration or blended with potable 
water. 

 
 Ammonia must be reduced to less than 2 ppm (as NH3). 

 
 Phosphate must be reduced to 2 to 3 ppm (as PO4).     

 
                                                            END OF REPORT 
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Attachment B: City of Benicia Wastewater Effluent 
Characterization Program and Results 
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Table B-1. Wastewater Effluent Characterization Sampling Plan 

Analyte Units Sample Type Method Number 
Monitoring Frequency over 12 month perioda,b Total Number 

 of Samplesc Notes Sample Locationd Laboratory Three Times per Week Weekly Every Other Week Monthly Quarterly 

Ammonia mg/L as NH3-N Composite SM 4500-NH3 C X     156 a Final effluent City 

Aluminum mg/L Composite EPA 200.8  X    52 b Final effluent Valero 

Barium mg/L Composite EPA 200.8  X    52 b Final effluent Valero 

Bis(2-ethylhexyl)Phthalate mg/L Grab EPA 606    X  12 b Secondary effluent Outside 

BOD5 mg/L Composite SM 5210 B    X  12 a Final effluent City 

Boron mg/L Composite EPA 200.8    X  12  Final effluent Valero 

Bromide mg/L Composite EPA 300.0  X    52 b Final effluent City 

Calcium mg/L as CaCO3 Composite EPA 200.8 X     156  Final effluent Valero 

COD mg/L Composite SM 5220 X     156 b Final effluent City 

Chloride mg/L Composite EPA 300.0 X     156 b Final effluent City 

Copper mg/L Composite EPA 200.8 X     156  Final effluent Valero 

Fluoride mg/L Composite EPA 300.0    X  12  Final effluent City 

Iron mg/L Composite EPA 200.8 X     156  Final effluent Valero 

Magnesium mg/L Composite EPA 200.8   X   26  Final effluent Valero 

Manganese mg/L Composite EPA 200.8   X   26  Final effluent Valero 

pH  unitless Grab SM 4500-H+ B X     156 b Secondary effluent City 

Nitrate mg/L NO3-N Composite EPA 300.0 X     156  Final effluent City 

Nitrite mg/L NO2-N Composite EPA 300.0 X     156  Final effluent City 

Orthophosphate (OP) mg/L as P Grab EPA 300.0 X     156 b Final effluent City 

Silica, Reactive mg/L as SiO2 Composite SM 4500-Si C, D or E X     156  Final effluent Outside 

Specific Conductance µS/cm Grab SM 2510B X     156  Secondary effluent City 

Strontium mg/L Composite EPA 200.8  X    52  Final effluent Valero 

Sulfate mg/L Composite EPA 300.0 X     156  Final effluent City 

Total Alkalinity mg/L as CaCO3 Composite SM 2320 B X     156 b Final effluent City 

Total Dissolved Solids mg/L Composite SM 2540 C X     156  Final effluent City 

Total Hardnesse mg/L as CaCO3 Composite SM 2340 C X     156 b Final effluent City 

Total Kjeldahl Nitrogen (TKN) mg/L N Composite SM 4500-Norg B or C   X   26  Final effluent Outside 

Total Organic Carbon mg/L Composite SM 5310 X     156 b Final effluent Valero 

Total Suspended Solids mg/L Composite SM 2540 D X     156 a Final effluent City 

Trihalomethane Formation Potential µg/L Grab SM 5710 B    X  12 d Secondary effluent City/Outside 

Turbidity NTU Grab SM 2130 B X     156  Secondary effluent City 

Vanadium mg/L Composite EPA 200.8    X  12  Final effluent Valero 

Zinc mg/L Composite EPA 200.8  X    52  Final effluent Valero 
a To be coordinated with compliance monitoring to avoid duplication of analyses.  Also coordinate with Table B (wet weather monitoring and biological process modeling sampling) to avoid duplication 
b. To be collected at the frequency noted for 30 days.  After 30 days, the team will revisit the frequency to determine if monitoring frequency can be reduced.  
c. Total number of samples assumes that sampling frequency noted in the table is continued for the 12 month duration. 
d. Final Effluent is City's compliance sampling point after dechlorination.  City routinely collects composite samples at this location. 
e. Total Hardness is a calculated value based on calcium and magnesium measurements.  
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Table B-2. Wastewater Effluent Characterization Results 

Analyte Description 

Statistical Date Range:  
09/15/2015 - 09/16/2016 

Final Effluent 
Minimum Average Maximum 95th Percentile Sample Count 

Alkalinity, total (as CaCO3), MG/L 125 260 364 348 96 

Aluminum, UG/L 0.5 7.7 42.5 17.6 118 

Ammonia (as N), MG/L 11 25 38 34 117 

Barium, UG/L 5.3 14.4 27.2 23.9 107 

Biological oxygen demand (BOD), MG/L 2.2 5.5 16.0 10.5 91 

Boron, UG/L 370 470 633 548 118 

Bromide, MG/L 0.2 0.4 0.9 0.6 94 

Calcium Hardness, MG/L as CaCO3 45 88 145 125 118 

Chemical oxygen demand (COD), MG/L 23 45 82 68 95 

Chloride, MG/L 153 193 269 248 120 

Dissolved Copper, UG/L 1.2 4.6 6.5 6.3 7 

Total Copper, UG/L 1.8 4.7 17.0 9.3 117 

Fluoride, MG/L 0.8 0.9 1.0 1.0 10 

Dissolved Iron, UG/L 87 141 244 200 27 

Total Iron, UG/L 116 236 1077 433 117 

Magnesium Hardness, MG/L as CaCO3 35 132 204 188 118 

Dissolved Manganese, UG/L 67 77 88 85 27 

Total Manganese, UG/L 2 92 160 114 118 

Nitrate (as N), MG/L 0.1 3.4 12.1 8.8 112 

Nitrite (as N), MG/L 0.2 2.1 9.7 6.2 104 

Nitrogen, Kjeldahl, total, MG/L 14.0 25.2 38.0 36.4 17 

Ortho-Phosphate as P, MG/L 0.2 2.1 7.2 5.6 81 

Ortho-Phosphate as PO4, MG/L 0.7 6.4 22.1 17.2 81 

Selenium, UG/L 0.3 1.3 6.1 3.7 118 

Silica (SiO2), MG/L 5.7 13.7 18.0 18.0 94 

Strontium, UG/L 200 326 819 533 107 

Sulfate, MG/L 3 125 159 145 112 

Total dissolved solids (TDS), MG/L 583 747 912 849 86 

Total Hardness (Calculated), MG/L 79 220 325 309 118 

Total Organic Carbon, MG/L 8.3 13 25 17 105 

Total Suspended Solids, MG/L 2 4 12 8 130 

Vanadium, UG/L 1.1 1.8 3.0 2.6 118 

Zinc, UG/L 2 23 105 55 118 
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Table B-2. Wastewater Effluent Characterization Results 

Analyte Description 

Statistical Date Range:  
09/15/2015 - 09/16/2016 

Final Effluent 
Minimum Average Maximum 95th Percentile Sample Count 

 Secondary Effluent 

bis(2-Ethylhexyl)phthalate, UG/L 0.6 0.6 0.6 NA 3 

pH, PH UNITS 6.83 7.21 7.51 7.41 138 

Specific conductance, UMHOS/CM 1081 1322 1558 1467 135 

Turbidity, NTU 1.2 3.2 9.9 6.3 122 

a) Nondetects were assigned a value equal to the method detection limit 
b) Final effluent are samples collected post dechlorination.  Secondary effluent are samples collected pre-chlorination (pre-disinfection). 
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Data Removed from the Characterization Set 
 

1) Strontium 
 

 
 

2) Barium 
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3) Total Iron 

 

 
 

4) Dissolved and Total Copper 
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Mallika Ramanathan

From: Meier, Daniel <dmeier@nalco.com>
Sent: Thursday, June 09, 2016 9:35 AM
To: waterphd1@aol.com
Cc: Mallika Ramanathan; Mooney, Jason
Subject: RE: Benecia Waste Water Limits.

Paul, 
 
In reference to our conversation this morning below is the list of addition water chemistry parameters that  we 
discussed for Maximum concentration in the MU water. 
 
Alkalinity – expected to be in the 50‐60 mg/l (as CaCO3) range after nitrification 
Barium – Max limit set at 0.5 mg/l or 500 ug/l as Ba 
Boron – No real concern over maximum limit –set at 2.0 mg/L 
Copper – maximum limit in the MU water set at 5 ug/l  
pH – Minimum at ~6.8 – assumes that the alkalinity will be in the ~50 mg/l range. The concern is over low pH water 
causing some corrosion of the pipeline and Fe pickup, i.e. higher iron levels in the MU water. 
Strontium  ‐ Maximum of 0.5 mg/l as Sr  
Sulfate – Maximum of 185 mg/l as SO4  ‐ there was some discussion around this but given the large reduction of 
Alkalinity in the MU due to the nitrification process – a limit of 185 mg/l seems reasonable. 
Vanadium – Maximum limit < 100 ug/l 
Zinc – maximum limit of 1.0 mg/l 
 
Please let me know if you have any questions. 
 
Regards 
 

Daniel Meier 
Industry Fellow 
Global Cooling Water R&D 
 

NALCO I An Ecolab Company 
1601 W. Diehl Rd, Naperville, IL 60563 
O 630-305-2084  M 630-460-7540 
E dmeier@nalco.com 
 
 
 
 
From: waterphd1@aol.com [mailto:waterphd1@aol.com]  
Sent: Thursday, June 09, 2016 10:22 AM 
To: Meier, Daniel 
Cc: mramanathan@brwncald.com 
Subject: Benecia Waste Water Limits. 
 
Hi Dan  many thanks for the call and our discussions this morning. 
 
If you could confirm our conversations this morning with a copy to Mallika Ramanathan with Brown and Caldwell who has 
the contract with the city of Benecia I would appreciate it. 
 
Best regards 
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Paul 
 

Paul R. Puckorius                     
Puckorius & Associates, Inc. 
7828 West 90th Avenue            
Westminster, CO 80021                         
303-638-0587 (cell) 
www.puckorius.com 
  
CONFIDENTIALITY NOTICE: This e-mail communication and any attachments may contain proprietary and 
privileged information for the use of the designated recipients named above. Any unauthorized review, use, 
disclosure or distribution is prohibited. If you are not the intended recipient, please contact the sender by reply 
e-mail and destroy all copies of the original message.  



1

Mallika Ramanathan

From: Meier, Daniel <dmeier@nalco.com>
Sent: Friday, August 05, 2016 9:10 AM
To: waterphd1@aol.com
Cc: Mallika Ramanathan; Steve.Rock@contractor.valero.com; Mooney, Jason
Subject: RE: Benicia Makeup Water Linits
Attachments: Revised WQ Table June 2016.pdf; Benicia Recycle Water Makeup Quality Tables-#2l AUG52016 DM 

edit.doc

Paul, 
 
I was reviewing the entire sheet and I think there are some additional data points where the units and or values are 
off.  I’m comparing the units to the ones in the attached “Revised WQ Table June 2016” data sheet.  I made the 
corrections on the Word document and put them in Red for your review.   
 
The final MU water quality going to the refinery will require blending/dilution with Potable water to dilute out some of 
the problem ions for the average water chemistry.  Some of the averages are lower than what the 100% Recycle water 
would contribute.      
 
For the column marked “Recycled Make Up Water Maximum” I added ‘Short Term’ to allow MU water excursions to 
exceed the average value for 24‐48 hours.   I hope this makes sense.   
 
I also filled out what would then be expected in the tower water and expanded this to a potential cycle range of 5‐8 
using the average values.  In general, it’s best to operate the cooling water systems at a maximum of 10,000 conductivity 
to minimize the potential for carbon steel corrosion.   
 
 
 
Steve and Jason ‐  I’d still like to the chance to revisit these limits in context of the operational conditions at the Benicia 
refinery with respect to Exchanger metallurgy, Cooling water velocities, Temperatures, etc.  Can you help provide that 
data to me?   
 
This will be a challenging water to treat as it has the potential for both high corrosion and deposition.  The corrosion 
potential comes from the high concentration of Chloride and Sulfate as well as potentially high level of organics that may 
require a potentially large amount of sodium hypochlorite addition.  Manganese can affect both Stainless steel and Brass 
corrosion rates, it doesn’t take very high concentrations for this to occur.  I put in a limit of 50 ppb in the MU water, 
ideally it would be much lower than this.   
 
The deposition potential comes from the desired high cycles of concentration, Iron, Strontium, Potential PO4 variation 
as well as high calcium levels.   
Initial indications indicate that Zinc can still be used as part of the corrosion control program and that will be a key 
component in being able to control corrosion in this water.  The assumption is that its use is not restricted as part of a 
cooling water program. 
 
Regards 
 

Daniel Meier 
Industry Fellow 
Global Cooling Water R&D 
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NALCO I An Ecolab Company 
1601 W. Diehl Rd, Naperville, IL 60563 
O 630-305-2084  M 630-460-7540 
E dmeier@nalco.com 
 
 
 
 
 
From: waterphd1@aol.com [mailto:waterphd1@aol.com]  
Sent: Thursday, August 04, 2016 4:16 PM 
To: Meier, Daniel 
Cc: mramanathan@brwncald.com; Steve.Rock@contractor.valero.com; Mooney, Jason 
Subject: Re: Benicia Makeup Water Linits 
 
Thanks Dan- I appreciate your putting in the three missing and correcting the Strontium Maximum 
 
I would put 120 for the COD and 100 as the average.. 
 
Can you also include an Average value for all of the ingredients shown which would complete the recycled water quality 
that the city needs to provide? 
 
Thanks much  
 
Paul 
 
Paul R. Puckorius                     
Puckorius & Associates, Inc. 
7828 West 90th Avenue            
Westminster, CO 80021                         
303-638-0587 (cell) 
www.puckorius.com 
  
 

-----Original Message----- 
From: Meier, Daniel <dmeier@nalco.com> 
To: waterphd1 <waterphd1@aol.com> 
Cc: mramanathan <mramanathan@brwncald.com>; Rock, Steve (Contractor) (Steve.Rock@contractor.valero.com) 
(Contractor) (Steve.Rock@contractor.valero.com) <Steve.Rock@contractor.valero.com>; Mooney, Jason 
<Jason.Mooney@nalco.com> 
Sent: Thu, Aug 4, 2016 10:25 am 
Subject: RE: Benicia Makeup Water Linits 

Paul, 
  
The 3 values missing, that you want me to fill out, for the Recycle Make up maximum are BOD, COD, and Specific 
Conductance, is that correct?  I edited the document to fill in those values.   
  
I discussed this with some of our other SME’s at Nalco and basically setting the BOD Maximum at 20  MG/l, 
corresponding COD Maximum at 100‐120 MG/L would be expected to cover short term blips in the wastewater plant 
operation.   
  
For Specific conductance – the limit is somewhat dependent on what causes the conductivity.  If I take the worst case 
scenario and assume the conductivity is mainly due to Cl and SO4 then setting a maximum Conductance of 2000 µmhos 
for a short term would still potentially allow the refinery plant cooling towers to operate at a maximum of 5 cycles of 
concentration.  Ideally, the Conductivity will not vary much from the stated expected range of ~1350 – 1560 µmhos 
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I think there is an error in units for Strontium, it is listed as MG/L, it looks like it should be UG/L? 
  
Regards 
  
Daniel Meier 
Industry Fellow 
Global Cooling Water R&D 
  
NALCO I An Ecolab Company 
1601 W. Diehl Rd, Naperville, IL 60563 
O 630-305-2084  M 630-460-7540 
E dmeier@nalco.com 
  
  
  
From: waterphd1@aol.com [mailto:waterphd1@aol.com]  
Sent: Monday, August 01, 2016 5:17 PM 
To: Meier, Daniel 
Cc: mramanathan@brwncald.com 
Subject: Benicia Makeup Water Linits 
  
Hi  Dan  --- As we talked last week here is a table that might work to put in the average and the max, values that Nalco 
recommends for the proposed makeup water for Valero at Benicia. 
  
Could you fill in those open places since I have included those that you sent and I believe was agreed upon at our 
meetings. 
  
We want to wind up these recommendations  this week if you can. We will very likely recommend blending about 70% 
recycled water with 30% potable water to get the few high levels down  such as chlorides and the iron levels.  I do feel 
that we could list down the iron values to total and soluble since soluble is biggest concern. That could apply to copper as 
well. 
  
Since the city will be filtering the effluent final  water, that means lower suspended solids, insoluble iron, etc which should 
be considered.. 
  
Appreciate your help and will gladly answer any questions you may have or want to discuss. 
  
Best regards 
  
Paul 
Paul R. Puckorius                     
Puckorius & Associates, Inc. 
7828 West 90th Avenue            
Westminster, CO 80021                         
303-638-0587 (cell) 
www.puckorius.com 
  
CONFIDENTIALITY NOTICE: This e-mail communication and any attachments may contain proprietary and privileged 
information for the use of the designated recipients named above. Any unauthorized review, use, disclosure or distribution 
is prohibited. If you are not the intended recipient, please contact the sender by reply e-mail and destroy all copies of the 
original message.  
CONFIDENTIALITY NOTICE: This e-mail communication and any attachments may contain proprietary and 
privileged information for the use of the designated recipients named above. Any unauthorized review, use, 
disclosure or distribution is prohibited. If you are not the intended recipient, please contact the sender by reply 
e-mail and destroy all copies of the original message.  
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Use of contents on this sheet is subject to the limitations specified at the beginning of this document. 
C:\Users\mramanathan\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\DQCD1MU0\Benicia Recycle Water Makeup Quality Tables-#2l 

AUG52016 DM edit.doc 

 
Table 1- Benicia Waste Water Quality for Valero Refinery. 

Analyte Description Projected Recycle Makeup Water 
Quality (100%) 

              Water Limits Approved by Nalco 

 Average Maximum Recycled 
Makeup Water 

Average 

        Recycled                 Cooling Tower 
     Makeup Water           Water Quality 
        Maximum                    5-8 COC   
      Short Term                         

                    

Alkalinity, total (as CaCO3), MG/L 100 150 50          60                               250-400* 

Aluminum, UG/L 8.7 42.5 50        250                          250 - 400 

Ammonia (as N), MG/L 1.0 4.0 <1.0       4.0                                5-8** 

Barium, MG/L 0.072 0.56 0.30         0.5                      1.5 – 2.4 

Biological oxygen demand (BOD), MG/L 5 10 3 20                             15-24*** 

Boron, MG/L 0.47 0.56 0.6       2.0                   3.0 – 4.8 

Bromide, MG/L 0.5 0.9 1.0       15                     5-8 

Calcium Hardness, MG/L as CaCO3 93 145 115 150                              575 - 920 

Chemical oxygen demand (COD), MG/L 46 82 65    100-120                     325-520*** 

Chloride, MG/L 203 269 188    225                        940-1504**** 

Copper, UG/L 4.6 15.9 5 10.2                      25- 40 

Fluoride, MG/L 0.9 1.0 1.0      1.3                     5.6 – 9.8 

Iron, UG/L 266 1900 <250    300                      1250 - 2000 

Magnesium Hardness, MG/L as CaCO3 138 204 <150       200                         750 - 1200 

Manganese, UG/L 96 160 <50      225                           250- 400 

Nitrate (as N), MG/L 20.0 45.0 NA     N A 

Nitrite (as N), MG/L 0.03 0.03 NA      NA 

Ortho-Phosphate as PO4, MG/L 2.5 3.0 2.3 3.0                         11.5- 17.8 

pH, PH UNITS 7.2 7.4 7.3  Min 6.8 

Selenium, UG/L 1.4 4.6 NA     NA 

Silica (SiO2), MG/L 13.9 18.0 <16     23                            80-96 

Specific conductance, UMHOS/CM 1346 1558 1500  2000                         7500 – 12000***** 

Strontium, UG/L 1302 9362 1700     2000                        8500 - 13600 

Sulfate, MG/L 124 146 135    185                           675 – 1080****** 

Total dissolved solids (TDS), MG/L 747 912 NA      NA 

Total Suspended Solids, MG/L 4.6 5.0 5.0       10                          25 - 40 

Vanadium, UG/L 4.6 5.0 10        250                       50- 80 

Zinc, UG/L 2.2 2.2 10          600                     50-80 

*simple cycled concentration- assumes this is not the final operating concentration 



** Some stripping expected through the cooling tower and would affect the final tower water 
concentration as well as reaction with bleach 

*** values Pre Chlorination – chlorine expected to degrade organics and reduce the BOC, COD, TOC 

**** Does not account for Chloride added from the use of Sodium Hypochlorite for MB Control 

***** Prior to any Sodium hypochlorite or acid addition that can add conductivity 

****** this assumes the SO4 concentration Pre neutralization of alkalinity for pH control – final 
operating concentration expected to be higher after the use of H2SO4 for alkalinity reduction 

 

Short term Maximum of 24-48 hours prior to returning to the Average value. 
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Executive Summary 
This technical memorandum (TM) was prepared as part of the City of Benicia’s (City)’s Water Reuse Project 
Feasibility Study to screen treatment technologies and develop and evaluate treatment alternatives for the 
production of recycled water. Recycled water would be produced at the City ’s Wastewater Treatment Plant 
(WWTP) and upgrades are needed to produce recycled water that is suitable for Title 22 unrestricted reuse 
and for use in the Valero Benicia Refinery’s cooling towers.  

Eighteen technologies were screened to identify preferred technologies for phosphate and ammonia 
removal, tertiary filtration, disinfection and chloride control. Two treatment alternatives were then developed 
as follows: 
• Treatment Alternative 1:  

− Chemical addition for phosphate removal,  
− Conversion and expansion of the existing activated sludge system into a Modified Ludzack Ettinger 

(MLE) configuration for ammonia and total nitrogen removal 
− Cloth Media Filtration (CMF) for tertiary filtration 
− Chlorination for disinfection 
− Source control and/or blending with potable water for chloride control. 

• Treatment Alternative 2: 
− Chemical addition for phosphate removal 
− Construction of a tertiary membrane bioreactor (TMBR) for ammonia removal and tertiary filtration 

(membrane) 
− Ultraviolet (UV) disinfection 
− Source control and/or blending with potable water for chloride control. 

The two alternatives were developed to identify facilities and upgrades needed at the City’s WWTP and the 
two alternatives were evaluated against established criteria that included non-economic factors and 
economic factors (net present value of capital and operating costs). Table ES-1 provides a summary of the 
evaluation of the alternatives. Based on the evaluation, Alternative 1 was selected to carry forward into 
subsequent studies. It is recommended that subsequent studies include the following efforts to confirm 
Alternative 1 assumptions and refine design criteria: 
• Jar testing to confirm design alum dosages necessary to meet the phosphate recycled water quality 

specifications. 
• Pilot testing and additional coordination with CMF manufacturers to confirm the need for flocculation 

upstream of the CMF and the performance of the CMF with alum. 
• Further characterization of diurnal loading profiles at the WWTP to confirm the need for equalization of 

the belt press filtrate and to confirm effluent ammonia concentrations over a 24-hour period.  
• Continued monitoring of the activated sludge system to confirm if nitrifier growth rates have improved 

since the chlorinated spray water was removed from the aeration basins. 
• Source control investigations to identify measures that can be implemented to ultimately reduce the 

recycled water chloride concentration to below 180 milligrams per liter (mg/L). 
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Table ES-1. Evaluation of Treatment Alternatives 

Criterion Alternative 1 Alternative 2 

Permitting requirements 0 0 

Ease of operations & maintenance (O&M) + - 

Reliability + - 

Constructability - + 

Right-of-way acquisition difficulty 0 0 

Greenhouse gas emissions/carbon footprint + - 

Future flexibility + - 

Aesthetics 0 0 

Economics (net present value) 
+ 

$22.6 M 
- 

$37.5M 

Notes:   
Alternatives are compared to each other and assigned the following rankings: 
+ = Alternative has more benefits than the other alternative. 
0 = Alternative has the same benefits as the other alternative. 
 - = Alternative has fewer benefits than the other alternative. 

 

Section 1: Introduction 
The City of Benicia (City) currently supplies the Valero Benicia Refinery (Refinery) with approximately 4 million 
gallons per day (mgd), equivalent to 4,480 acre-feet per year (AFY), of raw water for cooling tower makeup 
water, boiler feed water, and other process uses. The Refinery’s cooling tower and boiler feed water 
demands represent approximately 40 percent of the City’s total water supply. Due to the current drought in 
California, the long-term reliability of the City’s water supplies is uncertain. For this reason, in 2015, the City 
retained Brown and Caldwell (BC) to evaluate the feasibility of producing and delivering approximately 2 mgd 
(2,240 AFY) of recycled water to the Refinery for use as cooling tower makeup water, and to other City 
customers for non-potable uses.  

This technical memorandum (TM) was prepared as part of the City’s Water Reuse Feasibility Study and has 
the following objectives: 
• Screen a range of treatment technologies for producing recycled water suitable for Title 22 unrestricted 

reuse that meets the preliminary water quality specifications detailed in TM1. 
• Identify the preferred treatment technologies for subsequent alternatives analysis, and develop process 

flow diagrams. 
• Evaluate the treatment alternatives and identify the preferred alternative to be carried forward into 

subsequent efforts. 
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Section 2: Overview of Existing System 

2.1 Existing Treatment Facilities 
A process flow diagram of the City’s existing liquid stream treatment facilities is provided in Figure 2-1. The 
City’s original treatment facilities were first constructed in 1958. A series of upgrades was performed in 
1978, 1989, and 1998 to increase treatment capacity and to meet new discharge regulations.  

 

 
Figure 2-1. Existing liquid stream process flow diagram 

 

The current treatment facilities include screening and grit removal for influent flows, followed by primary 
clarification and conventional activated sludge for secondary treatment. Ferric chloride is added to screened 
and de-gritted influent wastewater for odor control and hydrogen sulfide control in the City’s anaerobic 
digesters. Secondary effluent is chlorinated and dechlorinated prior to discharge to the Carquinez Strait. 
During peak wet weather flows, primary effluent flows greater than 8 mgd are routed to a rotating biological 
contactor (RBC) train to provide biological treatment of peak flows. The City also has the ability to operate in 
sludge reaeration or contact stabilization mode during peak flow events, where return activated sludge (RAS) 
is routed to the front of the aeration basins and primary effluent is routed towards the end of the aeration 
basin. The purpose of this operational mode is to reduce solids loading to the secondary clarifiers and avoid 
loss of biomass during peak flow events. 

As shown in Table 2-1, the wastewater treatment plant (WWTP) also has flow equalization basins that total 1 
million gallons (MG). The basins can be used to store influent wastewater, primary effluent and/or 
disinfected effluent.  

Solids handling at the City’s WWTP includes a dissolved air flotation thickener that thickens waste activated 
sludge (WAS), anaerobic digesters, and a belt filter press (BFP) for sludge dewatering. The BFP is operated 
for approximately three hours per day, five days per week. The filtrate is routed to the front of the plant via 
the plant drain.  

Table 2-1 summarizes the details of the existing equalization basins, secondary treatment facilities and 
disinfection facilities. Because this project focuses on the liquid stream facilities as it relates to recycled 
water production, Table 2-1 provides details of the liquid stream unit processes only.  
 

Wet 
weather 

operation

Wet Weather 
Flows > 8 MGD

Dechlorination
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Table 2-1. Summary of Existing Secondary and Disinfection Treatment Processes 

Description Value 

Flow Equalization Basins  

Number of basins 8 

Overall basin dimension 69 ft x 137 ft 

Side water depth 15 ft 

Total volume 1 MG 

Aeration basins  

Number of tanks 2 

Dimensions 132 ft by 20 ft 

Side water depth 18 ft 

Volume per tank 0.36 MG 

Aerated volume 0.36 MG 

Aeration Blowers  

Number 3 

Type High-Speed Turbo 

Peak air flow per unit 1,350 scfm 

Motor size 75 HP 

Secondary clarifiers  

Number  2 

Diameter 70 ft 

Side water depth 14 ft 

Surface area per clarifier 3,848 ft2 

Chlorine Contact Basins  

Number of basins 2 

Number of passes (per basin) 5 

Width  24.5 ft 

Length 29.1 ft 

Side water depth  7.4 ft 

Volume per basin 0.034 MG 

Notes: 
ft = feet/foot. 
HP = horsepower. 
scfm = standard cubic feet per minute. 
HP = horsepower. 
ft2= square feet. 
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2.2 Historical Performance 
The City currently discharges treated effluent to the Carquinez Strait under National Pollutant Discharge 
Elimination System (NPDES) Permit CA0038091. Historical influent and effluent data were reviewed from 
July 1, 2011 through June 30, 2014 to determine influent loading to the treatment facility and plant 
performance. Additionally, as part of the recycled water feasibility study, the City is conducting an ongoing 
final effluent characterization program to increase the data set for select constituents and to identify 
seasonal variations in effluent quality (refer to TM1 for additional details). Table 2-2 provides a summary of 
the results of the ongoing effluent characterization program through September 16, 2016.  

 
Table 2-2. Current City Wastewater Effluent Qualitya 

Parameter Units Number of Samples Averageb Rangeb 95th Percentileb 

NH3 mg/L as NH3 117 25.1 11 to 38 34 

Bromide mg/L 94 0.43 0.20 to 0.87 0.63 

Chloride mg/L 120 193 153 to 269 248 

Conductivityc µS/cm 135 1,322 1,081 to 1,558 1,467 

Orthophosphate  mg/L as PO4 81 6.4 0.7 to 22.1 17.2 

Orthophosphate  mg/L as P 81 2.1 0.2 to 7.2 5.6 

pH pH units 138 7.2 6.8 to 7.5 7.4 

Silica mg/L as SiO2 94 13.7 5.7 to 18 18 

Sulfate mg/L as SO4 112 125 3 to 159 145 

Total alkalinity mg/L as CaCO3 96 260 125 to 364 348 

Total dissolved solids mg/L 86 747 583 to 912 849 

Total hardness mg/L as CaCO3 118 220 79 to 325 309 

Total suspended solids mg/L 16 4.9 2.5 to 12.0 9.2 

Turbidityc NTU 122 3.2 1.2 to 9.9 6.3 

Zinc µg/L 118 23.2 2.1 to 105.1 55.4 

a. Based on results from wastewater effluent characterization of the City’s effluent (post-disinfection unless noted otherwise) 
conducted from September 15, 2015 through September 16, 2016. Refer to Appendix B for a complete data set. 

b. Nondetect values were assigned a value of the method detection limit. 
c. Values are based on results of characterization of the City’s secondary effluent (pre-disinfection) conducted from 

September 16, 2015 to November 19, 2015. 
µg/L = micrograms per liter. 
µS/cm = micro-Siemens per centimeter’. 
mg/L as CaCO3 = milligrams per liter as calcium carbonate. 
mg/L as Si = milligrams per liter as silica. 
NTU = nephelometric turbidity units. 
mg/L asSO4 = milligrams per liter as sulfate. 
mg/L as NH3 = milligrams per liter as ammonia. 
mg/L as PO4-3 = milligrams per liter as phosphate. 
mg/L as P = milligrams per liter as phosphorous. 
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As shown in Figure 2-2, the plant partially nitrifies and contains varying levels of nitrite (non-detect to 
10 milligrams nitrogen per liter [mg-N/L]). To better understand current plant performance, BC conducted a 
detailed process evaluation, including review of historical data, discussions with operations staff, two weeks 
of special sampling, and process modeling. Data from the special sampling is included in Attachment A, 
along with process model calibration results.  

 
Figure 2-2. Secondary effluent nitrogen concentrations 

 

The key conclusions from the process evaluation and modeling include: 
• The plant adjusts secondary sludge wasting rates to maintain effluent ammonia-nitrogen concentrations 

in the range of about 20 to 30 mg-N/L, below the average monthly discharge limit of 35 mg-N/L. 
• Dissolved oxygen (DO) concentrations are low in the head and tail ends of the tank (around 0.5 mg/L), 

but are higher in the middle zones (around 2 mg/L).  
• The ammonia-rich belt press filtrate return streams are not equalized. Dewatering is typically operated 

three hours per day, five days per week. The ammonia spikes that result from this return stream may 
impact nitrification performance due to the increased ammonia load to the activated sludge system.  

• Until January 2016, the plant recycled up to 0.4 mgd of highly chlorinated plant water (chlorine 
concentrations as high as 5 to 6 mg/L) to the aeration basins as spray water. This chlorine may have 
inhibited nitrification. 

• Process modeling results indicate that nitrification performance is limited by the low DO. Modeled 
effluent ammonia-N was much lower when a DO of 2 mg/L was available in the entire tank (see 
Figure 2-3), even at the same solids retention time (SRT). Additional diffusers and blowers will be 
needed to provide enough air for nitrification. 
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• Alkalinity addition will be necessary to fully nitrify. Model results showed that without alkalinity addition, 
nitrification was incomplete (see Figure 2-3).  

• In December 2015, effluent nitrate concentrations increased, followed by a decrease in effluent nitrite. 
This change corresponded to a change in drinking water source, resulting in an increase in raw water 
alkalinity from under 100 mg/L to about 170 mg/L. 

 
Figure 2-3. Model-predicted effluent ammonia with increased DO, SRT, and alkalinity 

Section 3: Planning Basis of Design 

3.1 Preliminary Recycled Water Specifications 
Table 3-1 provides a summary of the preliminary recycled water quality specifications that were developed 
initially in November 2015. The limits shown in Table 3-1 focus on nutrients, solids, bacteria, and chloride 
and were developed to protect the Refinery’s assets and to meet the California State Water Resources 
Control Board Division of Drinking Water’s (DDW) Title 22 requirements for unrestricted non-potable reuse. 
Since the initial development of makeup water limits, additional development of recycled water 
specifications was performed and is presented in TM1. The focus of this TM is on technologies that can 
provide reliable ammonia, phosphate, solids and chloride reduction.  
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Table 3-1. Preliminary Recycled Water Specifications 

Parameter Recycled Water Specificationa Basis for Specification 

Ammonia < 1 mg/L as NH3 Protection of Refinery’s Assets 

Phosphate < 3 mg/L as PO4 Protection of Refinery’s Assets 

Total suspended solids < 5 mg/L Protection of Refinery’s Assets 

Chloride < 180 mg/L Protection of Refinery’s Assets 

Turbidity < 2 NTU DDW Title 22 Regulationsb 

Total coliform 2.2 most probable number (MPN)/100 milliliters (mL) DDW Title 22 Regulationsd 

a. These values assume a monthly average value unless noted otherwise. Refer to TM1, Preliminary Recycled Water Quality 
Specifications for additional details. 

b. An ammonia concentration of less than 2 mg/L –NH3 is adequate for protection of the Admiralty brass exchangers. A value 
of 1 mg/L-NH3 is shown in the table based on discussions in Workshop 1B on November 9, 2015. 

c. Daily average not to exceed value is shown. Effluent shall not exceed value of 5 NTU more than five percent of the time over 
a 24-hour period and effluent shall not exceed 10 NTU at any time. 

d. Seven-day median not to exceed value. Effluent shall not exceed a total coliform concentration of 23 MPN/100 mL more 
than once over a 30-day period and shall not exceed 240 MPN/100 mL at any time. 

 

Based on the review of the historical performance of the treatment facilities and the historical WWTP 
effluent quality, treatment upgrades are needed to reliably meet the following recycled water specifications:  
• Total suspended solids (TSS)/Turbidity 
• Ammonia 
• Phosphate 
• Chloride 
• Total Coliform 

3.2 Recycled Water Supply and Demand Analysis 
A supply and demand analysis was performed to determine recycled water demands as they relate to 
wastewater effluent supply. This analysis was used to base the treatment plant size. A detailed analysis of 
the supply and demand analysis is provided in Attachment B and a summary is provided herein. The cooling 
tower makeup water peak demand months typically occur during May through September. For this reason, 
May through September was defined as the seasonal period. Table 3-2 provides a summary of the historical 
cooling tower makeup water demands for various averaging periods. Diurnal demands were reviewed to 
determine the peak hour demand. As shown in Figure 3-1, the diurnal demand is fairly constant over a 
24-hour period and the peaking factors vary based on the time of year. The maximum observed peak hour 
peaking factor was 1.24 (peak hour divided by average day).  
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Table 3-2. Cooling Tower Makeup Water Demands 

Year 
Flows (mgd)a 

Annual Average Seasonal Averageb Maximum Month Maximum Week Maximum Day 

2011/2012 1.7 1.7 2.0 2.1 2.2 

2012/2013 1.7 1.8 2.0 2.1 2.2 

2013/2014 1.7 1.9 2.0 2.1 2.3 

2014/2015 1.7 1.9 1.9 2.0 2.1 

a. Historical data was reviewed from July 1, 2011 through June 12, 2015. 
b. Seasonal period is defined as the months of May through September. 

 

 
Figure 3-1. Cooling tower makeup water diurnal demand peaking factors 

 

Historical final effluent flows were compared to the cooling tower makeup water demands. Table 3-3 
presents a summary of the supply flow rates for various averaging periods. Wastewater effluent flows are 
typically at their lowest when cooling tower demands are at their highest (Figure 3-2). For this reason, the 
seasonal minimum month flow was also calculated. Diurnal wastewater flows were reviewed to determine 
equalization needs. Figure 3-3 shows the peak hour factors of the wastewater supply, which do not 
significantly vary over times of year when there is no rainfall or infiltration/inflow (I/I) contribution. 
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Table 3-3. Recycled Water Supply (WWTP Effluent Flow) 

Year 

Flows (mgd) 

Annual 
Average Seasonal Averagea Maximum Month 

Seasonal 
Minimum 

Month Maximum Week Maximum Day 

2011/2012 1.7 1.7 2.0 2.0 2.1 2.2 

2012/2013 1.7 1.8 2.0 1.9 2.1 2.2 

2013/2014 1.7 1.9 2.0 1.9 2.1 2.3 

2014/2015 1.7 1.9 1.9 1.7 2.0 2.1 

a. Seasonal period is defined as the months of May through September. 
b. Historical data was reviewed from July 1, 2011 through June 12, 2015. 

 

 
Figure 3-2. Historical daily average supply and demand  
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Figure 3-3. Recycled water diurnal supply peaking factors 

 

Based on the analysis of historical data, it was determined that the recycled water treatment facilities would 
be sized to produce the peak month demand of 2.0 mgd. A minimum of 0.5 MG of wastewater equalization 
is needed to meet the diurnal cooling tower demands. Recycled water storage would be used to meet peak 
day demands. A statistical analysis was performed to determine the benefit of increasing recycled water 
storage to provide some seasonal storage that could be used to meet demands during severe drought or 
back to back peak day events (Table 3-4). Based on the analysis presented in Table 3-4, recycled water 
storage was determined to be between 0.5 and 2 MG.  

 
Table 3-4. Recycled Water Storage Tank 

Recycled Water Storage Tank Volume 
(MG) 

Percent of Time Daily Demands Can Not Be Met 
(%) 

0 10 

0.5 5 

1.0 4 

2.0 2 

3.0 1 

Notes: 
Refer to Attachment B for probability plots that this information was developed from. 
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Section 4: Treatment Technology Evaluation Criteria 
Nine evaluation criteria were developed to evaluate the treatment technologies and alternatives described in 
Sections 5 and 6. The criteria are described in Table 4-1.  

 
Table 4-1. Treatment Evaluation Criteria Used to Screen Technologies and Alternatives 

Criterion Considerations 

Permitting requirements 
• Impact to NPDES discharge permit 
• Difficulty obtaining DDW approval 
• Other permits that may be needed and the time and expense required to obtain these permits 

Ease of operations & maintenance 
(O&M) 

• Ease of operation and maintenance 
• Ability to maintain regulatory compliance with existing discharge permit  
• Impact/ease of handling wet weather flows 

Reliability 
• Reliability in meeting recycled water specifications  
• Operational history of a treatment technology (established or emerging technology) 

Constructability 
• Difficulty to construct  
• Ability to continue to operate the wastewater treatment plant during construction   
• Land requirements/footprint (can facilities fit within the existing treatment plant site) 

Right-of-way acquisition difficulty • Right-of-way or easements needed for construction   

Greenhouse gas emissions/  
carbon footprint 

• Energy efficiency 
• Truck traffic for operation of the facilities 
• Chemical requirements 
• Air emissions from treatment 
• Considers if existing structures can be repurposed to minimize new construction 

Future flexibility 
• Flexibility to produce recycled water to serve more customers in the future  
• Flexibility to meet potential future nutrient or other discharge regulations in the future 

Aesthetics • Long term aesthetics of an alternative such as visibility, odor, noise, and long term impacts associated with 
O&M of an alternative 

Economics • Construction and operation and maintenance costs  

 

The evaluation matrix highlighted in Table 4-1 was used to perform a qualitative analysis to indicate if a 
technology had better (+), less (-) or the same (0) level of benefits as the identified baseline. The 
technologies evaluated were categorized as follows:  
• nutrient removal (phosphate and ammonia removal) 
• filtration 
• disinfection 
• chloride reduction 

For each technology that was screened, a conceptual level, order of magnitude construction cost estimate 
was developed. After selection of preferred technologies, treatment trains were developed and evaluated 
against the criteria in Table 2-1. Construction, operations and maintenance costs, and net present value 
were developed for each treatment train alternative.  
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Section 5: Treatment Technology Screening 
Table 5-1 summarizes the treatment technologies that were screened. The purpose of the technology 
screening was to identify preferred technologies that can be combined into treatment trains and further 
developed as part of the feasibility study. The following sections describe the technologies that were 
screened and the results of the evaluation.  

 
Table 5-1. Technologies Selected for Screening 

Phosphate Removal Ammonia Removal Filtration Disinfection Chloride Reduction 

Chemical Precipitation Nitrifying Activated Sludge Granular Media Filtration (GMF) Chlorination Blending with low chloride water 

Enhanced Biological 
Removal Nitrifying Trickling Filter Cloth Media Filtration Chloramination Advanced treatment (reverse osmosis, 

electrodialysis, ion exchange) 

 Biological Aerated Filter Membrane Filtration Ultraviolet  

 Biomag®  Ozonation  

 Tertiary MBR  Pasteurization  

   Peracetic Acid (PAA)  

Note:  Italicized technologies indicate the baseline technology for the comparative evaluation. 

 

5.1 Phosphate Removal Alternatives 
Two treatment technologies were considered for phosphate removal: chemical precipitation and enhanced 
biological phosphorus removal.  

5.1.1 Chemical Precipitation 
Chemical precipitation relies on precipitation of phosphate with the addition of chemicals, typically 
aluminum sulfate (alum), polyaluminum chloride, or ferric chloride. Chemicals can be added at multiple 
points in the treatment process (e.g., the primary clarifiers, secondary clarifiers, and filter influent) for 
flexibility, ease of operation, and to enhance lower levels. 

For application at the City, alum addition was assumed because ferric chloride addition would result in 
increased chloride concentrations in the recycled water. Figure 5-1 shows the locations for alum addition. 
The recommended primary point of addition would be upstream of the tertiary filters, with secondary 
addition points upstream of the primary clarifiers and secondary clarifiers. Alum addition implemented for 
the recycled water project would provide flexibility to meet potential future nutrient discharge regulations for 
total phosphorus.  
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Figure 5-1. Process flow diagram for chemical addition for phosphate removal 

 

Bench scale jar testing performed by BC as part of other studies has demonstrated that an alum dose 
between 15 to 30 mg/L as alum (molar ratio of approximately 1:1 alum to phosphorus) can reliably reduce 
effluent phosphate concentrations to less than 1 mg/L as phosphorus. For the purposes of this study, alum 
addition of 30 mg/L was assumed. It is recommended that bench scale jar testing be performed in 
subsequent studies to confirm the design dose at the City. 

5.1.2 Enhanced Biological Phosphorus Removal 
Enhanced biological phosphorus removal uses an anaerobic selector zone in an activated sludge process to 
increase phosphorus content in the biomass (see Figure 5-2). Phosphorus is wasted from the system 
through the biomass wasting, and the phosphorus content in the liquid stream is reduced. The higher 
phosphorus content in the wasted sludge increases the potential for struvite formation in anaerobic 
digesters and dewatering processes. Ferric chloride is often added to minimize struvite formation. As shown 
in Figure 5-2, a dedicated anaerobic zone is needed in the activated sludge tanks, which can result in 
increased tank volumes. Enhanced biological phosphorus removal consumes readily biodegradable carbon, 
which impacts the carbon available for denitrification, if required.  

 

 
Figure 5-2. Enhanced biological phosphorus removal configuration 
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Enhanced biological phosphorus removal at the City would require additional tankage to provide anaerobic 
zones as well as chemical addition (in addition to biological removal) to consistently produce an effluent that 
meets the water quality specification. Ferric chloride addition, which would increase chloride levels in the 
final effluent, would likely be needed to minimize struvite formation in the solids handling processes. 
Potential future nutrient discharge regulations could potentially include total phosphorus limitations; 
provisions for chemical addition could be needed in addition to biological phosphorus removal to meet more 
stringent limitations. Thus, at the City, enhanced biological phosphorus removal would not eliminate the 
need for chemical addition. Furthermore, provisions for carbon addition would likely be needed to achieve 
enhanced biological phosphorus removal and denitrification.  

5.1.3 Evaluation of Phosphate Removal Technologies 
The two technologies for phosphate removal were screened against the evaluation criteria, using chemical 
removal as the baseline technology (Table 5-2). Enhanced biological phosphorus removal was not carried 
forward as the preferred technology for phosphorus removal because it does not eliminate the need for 
chemical addition, requires additional activated sludge tankage, and has the potential to impact operations 
and maintenance of downstream facilities. For this reason, chemical addition (with alum) was carried 
forward into the treatment train alternatives. Chemical addition has the ability to produce consistent effluent 
quality and can be easily adjusted to achieve the desired phosphate concentration in the recycled water.  

 
Table 5-2. Screening of Phosphate Removal Technologies 

Criterion Chemical Addition Enhanced Biological Phosphorus Removal 

Permitting requirements 0 0 

Ease of operations & maintenance 0 
-  

 (due to struvite management) 

Reliability 0 
-  

(chemical addition may still be needed) 

Constructability 0 - 

Right-of-way acquisition difficulty 0 0 

Greenhouse gas emissions/carbon footprint 0 + 

Future flexibility 0 
-  

(chemical addition still needed for more stringent regulations) 

Aesthetics 0 0 

Construction costs 0 - 

Notes:   
The baseline technology is chemical addition. 
+ = Technology has more benefits than the baseline. 
0 = Technology has the same benefits as the baseline. 
 - = Technology has fewer benefits than the baseline. 
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5.2 Ammonia Removal Evaluation 
Five treatment technologies were considered for ammonia removal: nitrifying activated sludge, nitrifying 
trickling filter, biological aerated filter, BioMag, and TMBR. All five are biological processes that convert 
ammonia to nitrate. 

5.2.1 Nitrifying Activated Sludge 

5.2.1.1 Overview of Process 

Nitrifiying activated sludge is an established technology where activated sludge is operated at higher SRT 
with additional aeration to achieve biological ammonia removal (conversion of ammonia to nitrate). The 
process can be configured as a Modified Ludzack Ettinger (MLE) process to remove nitrogen with 
denitrification (conversion of nitrate to nitrogen gas) by including an anoxic zone with internal mixed liquor 
recycle (Figure 5-3). Denitrification offers several benefits that include reducing the aeration demand in the 
aerobic zones and alkalinity recovery.  

 

 
Figure 5-3. MLE activated sludge configuration 

(for nitrification and denitrification) 

 

5.2.1.2 Implementation at the City 

Figure 5-4 provides the process flow diagram for the nitrifying activated sludge configuration at the City. Due 
to the benefits that denitrification offers, an MLE configuration was assumed with anoxic zones and internal 
mixed liquor pumping. For this reason, this alternative is referred to herein as an MLE alternative. The 
following facilities were assumed:  
• One new aeration basin, 
• Improved aeration facilities, including aeration blowers, aeration control strategies, and new diffuser 

grids, 
• Internal mixed liquor pumps and anoxic mixers, and 
• Alkalinity (caustic soda) chemical storage and metering facilities. 
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Figure 5-4. MLE process flow diagram 

 

Denitrification also is compatible with potential nutrient discharge regulations for total nitrogen. The new, 
third aeration basin would be located where the two, decommissioned RBC trains are currently located 
(Figure 5-5). Peak flows (above 8 mgd) would continue to be treated in the in-service RBC. The ability to 
operate the activated sludge system in sludge reaeration mode for peak flow events will also be maintained.  

 

 
Figure 5-5. Site plan for nitrifying activated sludge 
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Although nitrification would not be complete in sludge reaeration mode, it does provide the operational 
flexibility to reduce solids loading to the secondary clarifiers and manage infrequent, short duration peak 
flow events. By relying on a combination of the RBCs and sludge reaeration mode to treat peak wet weather 
flows, a third secondary clarifier was determined to not be needed. When and if the City needs to operate in 
sludge reaeration mode, strategies such as breakpoint chlorination or blending with potable water could be 
utilized to meet the recycled water specifications. Breakpoint chlorination will increase chloride levels in the 
final effluent and could be more challenging to operate; for this reason, blending with potable water was 
assumed. In subsequent studies, it is recommended that operating at breakpoint chlorination in lieu of 
blending be further considered. 

Raw influent wastewater alkalinity data was reviewed to determine if the raw wastewater has sufficient 
alkalinity for nitrification. Based on a review of the available data, alkalinity addition may be needed even 
with denitrification. Therefore, provisions for caustic soda addition were included and sited near the flow 
equalization basins.  

5.2.1.3 MLE Considerations 

Table 5-3 summarizes the advantages and disadvantages of MLE. 

 
Table 5-3. MLE Considerations 

Advantages 

• Familiar and established process 
• Single process for ammonia and total nitrogen removal 
• PE equalization is not needed 
• Compatible with potential future nutrient discharge regulations for total nitrogen 
• Potential to eliminate the RBC train (simplify operations) with the addition of a third secondary clarifier 

Disadvantages 
• In sludge reaeration mode, nitrification is not complete; breakpoint chlorination or blending with low ammonia 

water may be needed to meet recycled water quality specifications 
• More complex construction - demolition of two RBC units and coordination of shutdowns with existing operation 

 

5.2.2 Nitrifying Trickling Filters (NTF) 

5.2.2.1 Overview of Process 

Nitrifying trickling filters (NTF) are an attached growth process, where nitrifiers grow on plastic support 
media. A rotating distributor sprays secondary effluent onto a circular bed of filter media (see Figure 5-6). 
The NTF media can be as tall as 20 ft. An NTF performs best with constant ammonia and solids loading. 
NTFs are susceptible to snails, which can impact overall nitrification efficiency due to predation.  
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Figure 5-6. Nitrifying trickling filter 

 

An NTF will only provide ammonia removal; to achieve total nitrogen removal an additional treatment step, 
such as denitrifying filters would be needed. 

5.2.2.2 Implementation at the City 

Figure 5-7 provides a process flow diagram of NTFs. The following facilities were assumed for the NTF option:  
• Two 55-ft-diameter NTFs, each approximately 20 ft tall 
• Secondary effluent/NTF Pumping Station 
• Diurnal equalization 
• Alkalinity chemical storage and metering facilities 

 
Figure 5-7. Process flow diagram for NTF 
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The existing activated sludge process would continue to operate and secondary effluent would be pumped to 
the NTFs for nitrification. The NTFs would only treat the flow needed for recycled water production; flows in 
excess of the recycled water demands would bypass the NTF and be routed to disinfection prior to discharge. 
Alkalinity addition upstream of the NTFs would be needed to fully nitrify.  

To provide more constant loading to the NTF, it was assumed that the City’s existing equalization basins 
could be used for diurnal flow equalization of primary effluent. The flow equalization basins would be 
covered and odor control would be provided for the foul air. Because the flow equalization basins are used 
for peak wet weather flow management, the City would need to manage the basin levels in advance of wet 
weather events which increases the operational complexity of the system.  

Figure 5-8 shows a site plan for NTFs and ancillary facilities. 
 

 
Figure 5-8. Site plan for NTFs 

 

5.2.2.3 NTF Considerations 

Table 5-4 summarizes the advantages and disadvantages of using NTFs for ammonia removal. As noted 
earlier, the NTFs do not provide the ability to remove total nitrogen for flows that are discharged and 
therefore are not compatible with potential future nutrient discharge regulations. Using the existing flow 
equalization basins for diurnal flow equalization increases the operational complexity of the system during 
wet weather flow events. Additionally, the height of the NTFs has the potential to result in visibility issues for 
neighboring communities. The advantages of the NTF include having low energy requirements, simple 
operation and ease of construction. 
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Table 5-4. NTF Considerations 

Advantages 

• Proven technology 
• Simple operation 
• Relatively low power requirements 
• Nitrification not impacted by wet weather flows 
• Treats recycled water flows only 
• Easier construction because it is a stand-alone facility from the existing treatment facilities 

Disadvantages 

• Additional treatment required to meet potential future discharge regulations 
• Potential for nuisance organisms 
• Visibility issues due to tower height 
• PE equalization recommended  
• Performance degradation with high TSS and variable ammonia in feed 
• Operational complexity - reuse of existing equalization basins requires wet weather coordination 
• Secondary effluent pumping is required 
• No alkalinity recovery 

 

5.2.3 Biological Aerated Filter 

5.2.3.1 Overview of Process 

Biological aerated filters (BAFs) are an attached growth process, where nitrifiers grow on filter media. Air is 
provided by blowers, and the filter is in an upflow configuration (Figure 5-9). Similar to an NTF, the BAF will 
only provide ammonia removal. An additional treatment step is needed for total nitrogen removal. The BAF 
performance is also improved with a constant ammonia and solids loading rate. 

 

 
Figure 5-9. Example BAF configuration 

(source: Biostyr system from Veolia Water Technologies)  
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5.2.3.2 Implementation at the City 

Figure 5-10 provides a process flow diagram of how a BAF could be implemented at the City. The BAF option 
would include the following facilities:  
• Two BAF reactors, approximately 15 ft high 
• Secondary effluent/BAF Pumping Station 
• Diurnal Equalization 
• Alkalinity chemical storage and metering facilities 

 

 
Figure 5-10. Process flow diagram for BAF 

 

As with the NTF, the existing secondary system would continue to operate as it currently does. Secondary 
effluent would be pumped to the BAFs for nitrification, followed by filtration and disinfection. Alkalinity 
addition would be needed to fully nitrify. The concept would include primary effluent flow equalization for 
diurnal storage to provide a more constant ammonia load to the BAF. The existing equalization basins would 
be covered and odor control would be provided. The estimated height of the BAF is 15 ft. Figure 5-11 
provides a site plan of the BAF option. 

 



Technical Memorandum 2 Recycled Water Treatment Screening and Alternatives 
 

 
29 

Use of contents on this sheet is subject to the limitations specified at the beginning of this document. 
Treatment Alt Screening TechMemo2_Final.docx 

 
Figure 5-11. Site plan for BAF 

 

5.2.3.3 BAF Considerations 

Table 5-5 summarizes the advantages and disadvantages of the BAF alternative. The BAF is similar to the 
NTF alternative and has many of the same advantages and disadvantages. The BAF has higher energy 
requirements than an NTF (aerated versus ventilated), which also makes it more mechanically complex than 
an NTF. 
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Table 5-5. BAF Considerations 

Advantages 

• Proven Technology 
• Nitrification not impacted by wet weather flows 
• Treats recycled water flow only  
• Media provides consistent TSS removal 

Disadvantages 

• Additional treatment required to meet potential future discharge regulations 
• Mechanically complex 
• Higher energy requirements than NTF 
• Visibility issues due to height 
• PE equalization recommended  
• Performance degradation with variable ammonia in feed 
• Operational complexity - reuse of existing equalization basins requires wet weather coordination 
• Secondary effluent pumping is required 

 

5.2.4 BioMag 

5.2.4.1 Overview of Process 

BioMag is an emerging technology where magnetite is used to ballast activated sludge flocs. The magnetite 
is recovered from the WAS using proprietary equipment (see Figure 5-12) and returned to the process. The 
dense ballasted flocs settle much faster than normal activated sludge, resulting in higher secondary clarifier 
loadings (up to surface overflow rates of 2,500 gallons per day (gpd)/ft2 and solids loading rates of 
100 pounds per day per ft2) and smaller clarifiers. Since clarifier loadings can increase, a higher mixed liquor 
suspended solids concentration is possible, resulting in smaller aeration tanks. The density of the magnetite 
increases the mixing energy requirements to keep solids in suspension. The process can be configured to 
nitrify and denitrify as with nitrifying activated sludge. 

 

 
Figure 5-12. BioMag 

(Source: Evoqua)  
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5.2.4.2 Implementation at the City 

The process flow diagram for incorporating BioMag at the City is shown in Figure 5-13. The facilities required 
include: 
• Magnetite recovery and addition facilities 
• Additional aeration blowers, blower control strategy, and diffusers 
• Internal Mixed Liquor Pumps and Anoxic Mixers 
• Alkalinity chemical storage and metering facilities 

 

 
Figure 5-13. Process flow diagram for BioMag 

 

Magnetite would be added to the existing activated sludge tanks, allowing an increase in solids inventory for 
full nitrification. The aeration tanks would be modified to a MLE configuration, with additional aeration and 
alkalinity addition facilities. The two secondary clarifiers could handle average and peak wet weather flows 
from a process standpoint. A detailed hydraulic analysis is needed to confirm that peak wet weather flows 
could be routed to and from the existing two secondary clarifiers. If there is hydraulic capacity, the RBCs 
could potentially be eliminated which would simplify operations.  

As shown in Figure 5-13, this alternative would not require a third aeration basin to be constructed. This 
would require coordination during construction and may limit construction activities to dry weather periods. 
Figure 5-14 shows a site plan for BioMag. The magnetite facilities were located were one of the 
decommissioned RBC tanks is located. 
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Figure 5-14. Site plan for BioMag 

 

5.2.4.3 Advantages and Disadvantages 

Table 5-6 summarizes the advantages and disadvantages of using BioMag for ammonia removal. The key 
advantages to this alternative are that there is limited new construction needed, there is potential to 
eliminate the RBC operation, and the process is compatible with potential future nutrient discharge 
limitations. The primary disadvantages to this option include the additional energy and operating costs 
associated with the magnetite and the limited operational history. Additionally, the BioMag process is 
proprietary and would not be eligible for low-interest loans through the State.  

 
Table 5-6. BioMag Considerations 

Advantages 
• Can operate in nitrification mode with no new clarifiers or aeration basins 
• Potential to abandon RBCs 
• Process flexibility to meet future nutrient discharge regulations 

Disadvantages 

• Emerging technology – no west coast installations 
• Additional equipment needed for mixing and magnetite addition/recovery 
• More energy required to keep magnetite suspended  
• More complex construction/constraints during construction 
• Higher operating costs than nitrifying activated sludge due to magnetite addition and energy 
• Proprietary process 
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5.2.5 TMBR 

5.2.5.1 Overview of Process 

TMBR would provide nitrification and membrane filtration in one step to treat secondary effluent (see 
Figure 5-15). The TMBR would operate similar to a traditional MBR system, the difference being that the 
TMBR would be designed to only nitrify because carbonaceous BOD removal would occur in a separate first 
stage. The TMBR system would include process aeration blowers and diffused air grids in addition to the 
MBR equipment (membrane air scour blowers, permeate pumps, and a chemical membrane clean-in-place 
system). The effluent from the TMBR would meet the Title 22 requirements for tertiary filtration and the 
effluent would only need to be disinfected prior to reuse.  

 

 
Figure 5-15. TMBR process 

 

There is a limited number of TMBRs in operation. However, the TMBR would operate like an MBR, which is a 
proven and established technology. For this reason, the TMBR was not considered to be an emerging 
technology.  

5.2.5.2 Implementation at the City 

Figure 5-16 provides a process flow diagram of how a TMBR could be implemented at the City. The facilities 
included with the TMBR option are:  
• Repurposing two of the three RBC Secondary Clarifiers as TMBR tanks 
• Membranes, permeate pumps and clean-in-place (CIP) facilities to treat a peak hour flow of 2.0 mgd 
• Process and membrane blowers 
• Secondary effluent pump station 
• Alkalinity chemical storage and metering facilities 

 
Figure 5-16. Process flow diagram for TMBR 
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Under this option, the existing secondary process would continue with its current operation. Secondary 
effluent would be pumped to the TMBR system for nitrification and membrane filtration. The TMBR would be 
installed in two of the RBC secondary clarifiers, which are currently not used. Alkalinity addition would be 
provided. Equalization of primary effluent is assumed in the existing equalization basins to provide a more 
constant ammonia load to the TMBR and to reduce the number of membranes required for processing peak 
hour flows. The existing equalization basins would be covered and odor control would be provided. Using the 
existing flow equalization basins would add complexity to the facility operation because the equalization 
basins would need to be drawn down prior to wet weather events. Figure 5-17 shows a site plan for TMBR. 

 

 
Figure 5-17. Site plan for TMBR 

 

5.2.5.3 TMBR Considerations  

Table 5-7 summarizes the advantages and disadvantages of using a TMBR for ammonia removal. The key 
advantages to the TMBR is that is minimizes new construction at the site by repurposing existing tankage, a 
single step provides ammonia removal and tertiary filtration, and the system would be separate from the 
existing operations, thereby facilitating construction. The primary disadvantages to the TMBR is that an 
additional step or carbon addition would be required to meet potential total nitrogen discharge limitations, 
the TMBR has high operating costs, and there are a limited number of TMBRs in operation.  
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Table 5-7. TMBR Considerations 

Advantages 

• Treats recycled water flows only 
• Complete nitrification can be achieved year-round 
• Existing RBC tanks can be reconfigured into TMBR 
• Combines filtration and nitrification (minimizes construction) 

Disadvantages 

• Additional treatment required to meet future discharge regulations 
• Mechanically complex 
• Secondary MBRs are a proven technology (with CA installations), but TMBRs are emerging 
• Secondary effluent pump station required for delivery to TMBR 
• Higher operating costs compared to nitrifying activated sludge due to energy and membrane cleaning 

and replacement costs 
• Operational complexity - reuse of existing equalization basins requires wet weather coordination 

 

5.2.6 Screening Results 
Table 5-8 provides a summary of the results of the screening of ammonia removal technologies against the 
evaluation criteria. Attachment C provides more details on the basis of the scores assigned to each 
technology. The technologies were screened compared to the baseline technology of nitrifying activated 
sludge. Attachment C provides a detailed table of the screening evaluation.  
 

Table 5-8. Screening of Ammonia Removal Technologies  

Criterion MLE 
Nitrifying Trickling 

Filter 
Biological 

Aerated Filter Biomag TMBR 

Permitting requirements 0 - - 0 0 

Ease of operations & maintenance 0 - - + - 

Reliability 0 0 0 - 0 

Constructability 0 0 0 0 + 

Right-of-way acquisition difficulty 0 0 0 0 0 

Greenhouse gas emissions/  
carbon footprint 0 + - - - 

Future flexibility 0 - - + - 

Aesthetics 0 - - 0 0 

Construction costs 
0 

($7.1M) 
- 

($9.8 M) 
- 

($14.3 M) 
+ 

($5.9 M) 
- 

($8.2 M) 

Notes:   
The baseline technology is MLE (nitrifying activated sludge with anoxic basins and internal mixed liquor return). 
+ = Technology has more benefits than the baseline. 
0 = Technology has the same benefits as the baseline. 
 - = Technology has fewer benefits than the baseline. 
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5.3 Filtration Technology Screening  
Title 22 regulations require filtration of secondary effluent for unrestricted nonpotable use. Filtration would 
be designed for this project to meet the Title 22 regulations. Three filtration technologies were evaluated: 
GMF, cloth media filtration (CMF), and membrane filtration (microfiltration [MF]/ultrafiltration [UF]). The 
three technologies are DDW approved technologies for non-potable reuse. For granular and CMF, Title 22 
regulations require that filtered effluent does not exceed the following: (1) a daily average (over 24 hours) 
turbidity of 2 NTU, (2) 5 NTU more than 5 percent of the time over a 24-hour period, and (3) 10 NTU at any 
time. Coagulation upstream of filtration is not required if: (1) filter effluent turbidity does not exceed 2 NTU, 
(2) filter influent turbidity is continuously measured and does not exceed 5 NTU for more than 15 minutes 
and never exceeds 10 NTU, and (3) there is capability to provide chemical addition or divert filter influent 
from the recycled water facility if the influent exceeds 5 NTU for more than 15 minutes.  

With membrane filtration, Title 22 requires that the filtered effluent turbidity does not exceed 0.2 NTU more 
than five percent of the time over a 24-hour period, and 0.5 NTU at any time. 

5.3.1 Granular Media Filtration 

5.3.1.1 Overview of Process 

With GMF, water filters down through a bed of filter media. Particles are removed in the filter bed by several 
mechanisms which include straining, adhesion, impaction, sedimentation, flocculation and interception. 
Filter media typically rests on top a layer of gravel and an underdrain system collects filter effluent and is 
located below the layer of gravel. Over time, the accumulation of material in the filter bed will increase 
headloss and backwashing is performed. Backwashing typically includes taking the filter out of service and 
reversing filtered effluent through the media to remove accumulated particles. An air scour is also typically 
performed during backwashing. After the backwash cycle is completed, the filter is returned to service.  

The Title 22 regulations require the filter loading rate to not exceed 5 gpm/ft2. With demonstration testing, 
facilities have been able to get approval from DDW to increase the filter loading rate to 7.5 gpm/ft2.  

5.3.1.2 Implementation at the City 

In this alternative, nitrified secondary effluent would be pumped to new anthracite/sand filters that would be 
located adjacent to the existing chlorine contact basins. Three filter cells were assumed and the filter 
surface area was designed to provide a peak hour loading rate less than 5 gpm/ft2 with one unit out of 
service for backwashing. Because chemical addition will be used for phosphate removal, the GMF system 
would include coagulant addition (alum) upstream of the filters thereby meeting the Title 22 requirements. 
Table 5-9 summarizes the GMF facilities assumptions. 
 

Table 5-9. GMF Design Criteria 

Description Value 

Peak hour flow rate, mgd 2.0 

Number of filters 3 

Surface area (total), ft2 450 

Filter media depth, ft 
5 

(4 ft anthracite, 1 ft sand) 

Filter media type Antracite/sand 

Peak hour loading rate (with 1 filter out of service), gpm/sf 4.6 
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5.3.1.3 GMF Considerations 

The advantages and disadvantages associated with GMF are summarized in Table 5-10 below. The primary 
advantages to GMF is that it is a proven and robust technology that can produce consistent effluent quality 
with changes in influent quality. With demonstration testing the filter loading rate could be increased in the 
future to increase the capacity of the filtration system. The major disadvantage to GMF is that is requires a 
larger footprint and more tankage to accommodate filter backwashing with a filter cell out of service.  

 
Table 5-10. GMF Considerations  

Advantages 
• Proven technology, simple and widely accepted 
• Robust process. 
• Potential for increased loading rate allowance in the future.  

Disadvantages 
• Additional infrastructure required resulting in higher construction cost. 
• Larger footprint – need to provide minimum of one unit for standby during backwash. 

 

5.3.2 Cloth Media Filtration 

5.3.2.1 Overview of Process 

CMF uses a cloth media with a 5-micron nominal pore size to remove solids. The cloth media is placed on 
discs that are submerged in the filter tank. Water flows through the media by gravity, and over time the 
solids will accumulate on the outside of the cloth while water flows to the inside. A vacuum pump is used to 
clean the off solids that accumulate on the cloth media surface. Solids also settle out in the tank, and are 
routinely removed using a sludge valve at the bottom of the tank. The entire filter cell does not need to be 
taken out of service during a backwash cycle, which reduces the footprint of the system. Figure 5-18 is a 
schematic of a cloth media filter supplied by Aqua Aerobic Systems, Inc., and is one of eight Title 22 
approved cloth media suppliers. The cloth media needs to be replaced approximately every five to ten years. 

 

 
Figure 5-18. Cloth media filter (AquaDISK®) manufactured by Aqua Aerobic Systems, Inc. 
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CMF performs best when filtering secondary effluent with a larger particle size distribution, which is typical of 
a high-SRT activated sludge (nitrified) effluent. Secondary effluent with a smaller particle size distribution, 
which is typical with high-rate activated sludge systems and/or trickling filter systems typically require 
conditioning (chemical addition and flocculation) prior to the CMF.  

5.3.2.2 Implementation at the City 

Alternative 2 is similar to Alternative 1 in that nitrified secondary effluent would be pumped to new filters 
located adjacent to the existing chlorine contact basins. Two CMF tanks were assumed, each containing an 
8-disc CMF system by Aqua Aerobic Systems. Backwashing pumps would be included to clean the filters and 
sludge handling to handle the waste solids. The required facilities are summarized in Table 5-11 below. A 
flocculation tank was assumed upstream of the CMF.  

 
Table 5-11. CMF Design Criteria 

Description Value 

Peak Hour Flow Rate, mgd 2.0 

Number of Units 2 

Discs per Unit. 8 

Total Filter Area, ft2 861 

Nominal Filter Pore Size, micron 5 

Filter Loading Rate (with 1 unit out of service for maintenance), gpm/ft2 3.2 

 

5.3.2.3 CMF Considerations 

The advantages and disadvantages associated with CMF are summarized in Table 5-12. The primary 
advantage to CMF is that it has a smaller footprint because a filter is not taken offline during backwash. The 
smaller footprint allows for a compact, lower construction cost alternative. The primary disadvantage is that 
the CMF is a less robust process and conditioning of the filter feed may be needed to achieve the desired 
filter effluent water quality. 

 
Table 5-12. CMF Considerations 

Advantages 

• Modular 
• Can be installed in steel tank to reduce construction costs 
• Smaller footprint  
• Continuous operation 

Disadvantages 
• Less robust process 
• Conditioning of filter feed required with small particle size (e.g., low SRT effluent) 

 

5.3.3 Membrane Filtration 

5.3.3.1 Overview of Process 

Membrane processes for recycled water production typically include MF or UF. The MF nominal pore size is 
0.1 to 0.4 microns and the UF nominal pore size is typically 0.01 microns. The MF/UF membranes can be 
designed either as pressure-driven systems or as vacuum-driven systems. A pressure driven system typically 
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includes the membranes in pressure vessels and the filter feed pump pushes water through the membrane. 
With the vacuum system, membranes are submerged in a tank and vacuum (or permeate) pump pulls water 
through the membrane. Figure 5-19 presents a picture of a full-scale submerged hollow-fiber UF membrane 
filtration rack manufactured by GE Power Water and Process Technologies (Trevose, PA). With either system, 
a permeate backwash step is automatically initiated based on the pressure across the membrane surface 
(transmembrane pressure). In addition to the routine backwash, a chlorinated backwash is typically 
performed once a week to minimize biofouling on the membrane surface. A chemical CIP step is performed 
using sodium hypochlorite and an acid (typically citric acid) typically every 3 to 6 months. Membrane lifetime 
will vary depending on operation and cleaning frequency. Typically, membranes are replaced approximately 
every five to ten years. 

 

 
Figure 5-19. Full-scale hollow-fiber UF system 

(Source: GE Power Water & Process Technologies)  

 

MF/UF systems have a small footprint and typically are more expensive than GMF or CMF. In addition, the 
energy costs associated with pumping, the chemical use for cleanings, and membrane replacement costs 
contribute to higher annual operating costs. MF/UF systems are typically used as pre-treatment upstream of 
reverse osmosis or nanofiltration. 

5.3.3.2 Implementation at the City 

Alternative 3 consists of MF/UF filtration of nitrified secondary effluent. The submerged membrane provides 
a conservative estimate of land requirements; if membrane filtration is carried forward, pressure driven 
MF/UF membranes should be further considered. The basis for the membrane filtration facility needs is 
summarized in Table 5-13. 
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Table 5-13. Membrane Filtration Criteria 

Description Value 

Type of membrane  MF/UF 

Module surface area, ft2 450 

Number of trains  3 

Number of cassettes per train  3 

Number of installed modules per cassette  54 
 

5.3.3.3 Membrane Considerations 

The advantages and disadvantages associated with MF/UF filtration are summarized in Table 5-14 below. 
 

Table 5-14. Membrane Filtration Considerations 

Advantages 

• Modular – easily expandable 
• Small footprint 
• Produces high-quality effluent suitable for advanced treatment 
• It is possible that some log removal credit could be earned with this technology (to supplement disinfection). 

Disadvantages 
• High construction and operating costs 
• More mechanical system  
• Membrane replacement costs are higher than alternative media replacement costs  

 

5.3.4 Screening Results 
The three filtration alternatives were screened against the evaluation criteria and Table 5-15 provides a 
summary of the results. CMF was identified as the preferred technology to carry forward into the more 
detailed treatment alternatives evaluation.  
 

Table 5-15. Screening Evaluation of Filtration Alternatives 

Criterion GMF CMF MF/UF 

Permitting Requirements 0 0 0 

Ease of Operations & Maintenance 0 0 - 

Reliability 0 0 0 

Constructability 0 0 0 

Right-of-Way Acquisition Difficulty 0 + + 

Greenhouse Gas Emissions/Carbon Footprint 0 0 - 

Future Flexibility 0 0 + 

Aesthetics 0 0 0 

Construction Costs 
0 

$3.5M 
+ 

$2.8M 
- 

$5.4 M 

Notes:   
The baseline technology is GMF. 
+ = Technology has more benefits than the baseline. 
0 = Technology has the same benefits as the baseline. 
 - = Technology has fewer benefits than the baseline. 
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5.4 Disinfection Technology Screening 
Five disinfection technologies were considered in this analysis: chlorination, chloramination, ultraviolet, 
ozonation, pasteurization and PAA. Disinfection for this project would be designed to meet the Title 22 
regulations which are based on achieving 5-log inactivation of virus. Title 22 requires that total coliform in 
the disinfected water is as follows:  
• Seven-day median concentration is less than 2.2 MPN/100 mL.  
• Is not greater than 23 MPN/100 mL more than once over a 30-day period. 
• Does not exceed 240 MPN/100 mL. 

5.4.1 Chlorination 

5.4.1.1 Overview of Process 

Chlorine disinfection operates on the simple principle of exposing a given volume of water to at least a 
minimum concentration of disinfectant for at least a minimum period of time to kill the pathogenic 
microorganisms that may be present. It requires the maintenance of a specified concentration (C) of 
disinfectant and contact time (T), to achieve a target contact time (CT). Chlorine contactors are simple 
continuous flow reactors, typically baffled and arranged in a serpentine formation to encourage plug flow as 
the water moves through the basin for a set period of time. Sodium hypochlorite or other free chlorine agent 
is added upstream of the contactor so it is well-mixed at the inlet.  

Title 22 regulations require that a CT of 450 mg-min/L be provided, with a minimum effective contact time of 
90 minutes, when using chlorine disinfection. Because Title 22 recycled water disinfection standards were 
based on the assumption of ammonia being present (i.e., chloramination) in most cases, a standard CT for 
chlorination has not yet been established. This approach is approved by the DDW on a case-by-case basis. 
The most recent approval granted by DDW is for the Sacramento Regional County Sanitation District’s Echo 
Water Project, where a CT of 165 mg-min/L, with a minimum modal contact time of 30 minutes was 
approved for chlorination. 

5.4.1.2 Implementation at the City 

Because ammonia removal is needed for the recycled water production, chlorination is a viable alternative 
for disinfection. Under this alternative, it is assumed that the existing chlorine contact basins would be 
maintained for disinfection of secondary effluent that will be discharged through the City’s existing outfall. 
One option is to use the recycled water pipeline as the chlorine contactor. This option was not carried 
forward because recycled water customers along the pipeline alignment could not be served until after the 
point of compliance, and it would eliminate the potential for a recycled water fill station at the treatment 
plant. An alternative to using the recycled water pipeline as a contractor is to convert the existing two RBC 
secondary clarifiers (currently not used) into chlorine contact basins. The existing RBC secondary clarifiers 
have a total volume of 0.26 MG. At a flow rate of 2 mgd and a baffle/basin efficiency of 80 percent, the two 
tanks would provide 144 minutes of effective contact time (refer to Table 5-16). The design CT being used by 
the Sacramento Regional County Sanitation District’s Echo Water Project, is 165 mg-min/L plus a ten 
percent safety factor. Based on the design criteria used for Sacramento Regional County Sanitation District’s 
Echo Water Project, the existing RBC secondary clarifiers have adequate volume to use for chlorination. 
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Table 5-16. Chlorination Criteria 

Description Value 

Design CT, mg-min/L 181.5 

Design modal contact time, min 33 

Peak hour flow rate, mgd 2.0 

Tank volume (total), MG 0.26 

Effective contact time at peak hour flow, min 144a 

Minimum free residual chlorine, mg/L 5.5 

a. Effective contact time of the two RBC Secondary Clarifiers, assuming a basin/baffle 
efficiency of 80 percent. 

 

5.4.1.3 Chlorination Considerations 

The advantages and disadvantages associated with chlorine disinfection are summarized in Table 5-17 
below. The primary advantages to this alternative is that the process is similar to the existing operation and 
the alternative would minimize new construction by repurposing existing tanks into chlorine contact basins. 
The primary disadvantages to this option is that the use of sodium hypochlorite adds chloride to the recycled 
water and due to the reactive nature of free chlorine, a higher dosage of sodium hypochlorite may be needed 
to maintain a chlorine residual in the recycled water distribution system.  

 
Table 5-17. Chlorination Considerations 

Advantages 
• Can use the RBC secondary clarifiers as contactor 
• Similar to existing operation 
• Breakpoint chlorination assists with consistently meeting ammonia objective 

Disadvantages 
• Increases chloride concentration in recycled water 
• Difficult to maintain chlorine residual due to reactivity of free chlorine 

 

5.4.2 Chloramination 

5.4.2.1 Overview of Process 

Chloramination is similar to chlorination with the difference being that chloramines, instead of free chlorine, 
are the primary disinfectant. Chloramines are less reactive than free chlorine which means a longer contact 
time is needed to achieve virus and bacteria reduction. It is also for this reason that chloramines can 
maintain a longer residual which is advantageous in distribution systems to reducing the potential for 
biological growth. Chloramination is a standard approved Title 22 method for disinfection and are the basis 
for the Title 22 CT requirements. Chloramine disinfection must provide a CT of 450 mg-minutes/L with a 
modal contact time of not less than 90 minutes. 

5.4.2.2 Chloramination Considerations 

The City currently disinfects treated effluent using chloramination because complete ammonia removal is 
not achieved. With this project, the secondary treatment process will be upgraded to provide ammonia 
removal and chloramination would require the addition of ammonia back into the filtered effluent. 
Sophisticated control strategies would be required to achieve the correct ammonia and sodium hypochlorite 
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doses and to minimize the potential for ammonia bleed-through. The operational complexity together with 
the longer CT requirements were reasons why chloramination was eliminated from consideration and was 
not further developed or screened. 

5.4.1 Ultraviolet (UV) Disinfection 

5.4.1.1 Overview of Process 

UV disinfection systems consist of arrays of UV lamps housed in quartz sleeves and submerged in water. As 
water passes by the UV lamp it is exposed to germicidal UV light, primarily at 254 nanometers (nm), and 
bacteria and pathogens are “inactivated”. The UV disinfection systems consist of banks of lamps that are 
submerged in concrete channels (open-channel systems) and can be enclosed in stainless steel vessels 
(closed-vessel systems). Open channel disinfection is typical for wastewater and recycled water applications 
and closed vessels are required for drinking water applications. UV disinfection is an approved disinfection 
technology for unrestricted non-potable reuse in California. 

Title 22 regulations require that a UV system is designed for a dose of 100 millijoule per square centimeter 
(mJ/cm2) for GMF or CMF effluent. If membrane filtration is used, a UV dose of 80 mJ/cm2 can be used.  

5.4.1.2 Facilities Required 

Both open-channel and closed-vessel UV systems were evaluated. The facilities required for closed- and 
open-channel UV technologies are summarized below. Both systems are sized for a UV dose of 100 mJ/cm2 
at a UV transmittance of 55 percent.  

5.4.1.2.1 Closed Vessel Configuration 

In this alternative, filtered effluent would be routed to a new closed-vessel low-pressure high-output UV 
disinfection system adjacent to the chlorine contactors. The system concept would include three parallel 
reactor trains with 50 percent redundancy (i.e., one fully redundant train at 2 mgd flow) installed on a 
concrete pad. This would allow one train to be taken offline during lower-flow periods. Alternatively, the 
reactors could be installed in series to reduce infrastructure costs. Monitoring would include UV 
transmissivity (UVT), flow rate, and lamp power. The required facilities are summarized in Table 5-18 below. 

 
Table 5-18. Closed Vessel UV Disinfection Criteria 

Description Value 

Flowrate, mgd 2 

Design UVT, % 55 

Operating UVT, % 65 

UV dose, mJ/cm2 100 

Number of trains 3 

Number of redundant trains 1 

Number of reactors per train 1 

Lamp type 800 W low-pressure high-output 

Number of lamps per vessel 45 
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5.4.1.2.2 Open Channel Configuration 

In the open-channel configuration, filtered effluent would be routed to a new open-channel UV disinfection 
system adjacent to the chlorine contactors. The system concept includes the construction of a single-
channel low-pressure high-output UV disinfection system (redundancy would be providing with installation of 
a spare UV bank). Monitoring would include UV transmittance at 254 nanometers (nm), flowrate, and lamp 
power. A canopy was assumed to be provided over the UV channel. The required facilities are summarized in 
Table 5-19 below. 

 
Table 5-19. Open-Channel UV Disinfection Criteria 

Description Value 

Flowrate, mgd 2 

Design UVT, % 55 

Operating UVT, % 65 

UV dose, mJ/cm2 100 

Number of channels 1 

Number of banks per channel  8 

Number of redundant banks 1 

Number of modules per bank 1 

Number of lamps per module 12 

Lamp type low-pressure high-output 

Number of lamps per vessel 96 

Total connected power 65 kW 

 

5.4.1.3 UV Disinfection Considerations 

The pros and cons associated with UV disinfection are summarized in Table 5-20 below. The primary 
advantages with UV disinfection (closed or open channel systems) are that it minimizes chemical use at the 
plant, and it will not increase chloride concentrations in the recycled water. The main disadvantages with UV 
disinfection are that is it a new treatment process at the plant with additional operations and maintenance 
requirements and it is energy intensive.  

 
Table 5-20. UV Disinfection Considerations 

Advantages 
• Well-established technology 
• Minimizes need for chemicals 
• Does not increase chloride concentration in recycled water 

Disadvantages 

• Requires new infrastructure 
• Higher energy requirements 
• Higher maintenance costs (lamp cleaning and replacement) 
• Secondary process operation and iron salt addition can interfere with UVT 

 



Technical Memorandum 2 Recycled Water Treatment Screening and Alternatives 
 

 
45 

Use of contents on this sheet is subject to the limitations specified at the beginning of this document. 
Treatment Alt Screening TechMemo2_Final.docx 

5.4.2 Ozonation 

5.4.2.1 Overview of Process 

Ozone is a strong oxidant that can be used as an alternative chemical disinfection process to chlorination. 
This is an approved disinfection technology for unrestricted non-potable reuse in California It requires the 
maintenance of a specified CT. There will be minimum values for contact time and, more significantly, an 
ozone residual concentration below which the CT concept will not apply. Also like 
chlorination/chloramination, ozone contactors are simple continuous flow reactors, typically baffled and 
arranged in a serpentine formation to encourage plug flow as the water moves through the basin for a set 
period of time. Ozone is added upstream of the contactor so it is well-mixed at the inlet. Ozone would be 
generated on-site using liquid or gaseous oxygen together with an ozone generator.  

5.4.2.2 Ozonation Considerations 

The pros and cons associated with ozone disinfection are summarized in Table 5-21 below. 

 
Table 5-21. Ozone Disinfection Considerations 

Advantages 
• Strong oxidant 
• Proven and established technology 
• Does not increase chloride concentration in recycled water 

Disadvantages 

• Causes NDMA formation – potential problem with future discharge regulations 
• High operating cost 
• High dosage needed due to reactivity of ozone 
• Safety precautions needed 
• More complex operation 

 

Ozonation in wastewater applications can result in the formation of N-nitrosodimethylamine (NDMA), which 
is an emerging contaminant of concern. Ozonation has future regulatory implications because NDMA could 
be regulated in the future for Bay dischargers and would require another treatment step for NDMA reduction 
prior to discharge. For this reason, as well as the operational complexity, safety and high construction and 
operating costs, a more detailed facility plan and layout of ozonation was not performed and the technology 
was eliminated from consideration prior to being screened. 

5.4.3 Pasteurization 

5.4.3.1 Overview of Process 

PTG Water & Energy™’s patented heat-based disinfection system (Figure 5-20) heats the influent water to 
increase the temperature of 177 degrees Fahrenheit (°F) to 180 °F and disinfects it with the heat. To cool 
the effluent and recover the heat, the pasteurized water is cooled in a separate “preheater unit” where its 
thermal energy is transferred to the incoming wastewater and raising the temperature of the next batch of 
water to 177 °F. In this heat-exchange process, the temperature of the disinfected water has been lowered 
to 73 °F, making it safe to discharge or to reuse. This is an approved alternative disinfection technology for 
disinfected tertiary filtered non-potable reuse in California. There are limited installations of this technology, 
and the installations have primarily been used at small wastewater treatment facilities (1 mgd or smaller). 
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Figure 5-20. Schematic of PTG’s pasteurization system 

(Source: PTG Water & Energy™’s website) 

 

5.4.3.2 Facilities Required 

In this alternative, filtered effluent would be piped into parallel pasteurization disinfection units (one fully 
redundant train at 2 mgd flow). This would allow one train to be taken offline for maintenance at maximum 
flow. Monitoring would include flowrate and operating temperature. The PTG pasteurization system can be 
powered with natural gas. Alternatively, if the City had excess biogas or heat that was available, the 
operating costs of the pasteurization system could be substantially offset.  

5.4.3.3 Pasteurization Considerations 

The pros and cons associated with pasteurization are summarized in Table 5-22 below. The key advantages 
to pasteurization are it does not increase chloride concentrations in the recycled water and it can use excess 
heat and biogas from the City’s digesters. Due to the limited number of installations and the high operating 
and construction costs of the option, pasteurization was not considered to be appropriate in this application. 

 
Table 5-22. Pasteurization Considerations 

Advantages 

• California installations 
• Can utilize excess digester gas/heat to reduce operating costs 
• Has Title 22 conditional approval 
• Does not increase chloride concentration in recycled water 

Disadvantages 
• Limited operational history (new technology)  
• Largest facility in operation is 1-mgd 
• Higher maintenance costs (relative to chlorination) due to more equipment 
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5.4.4 Peracetic Acid 

5.4.4.1 Overview of Process 

PAA acid has been used as a disinfectant for a number of years in hospitals and in the food industry. It is an 
emerging technology with respect to wastewater. As the technology has recently been improving significantly 
in cost and in availability in practical concentrations for large-scale use, it is beginning to be considered and 
implemented for wastewater disinfection (e.g., St. Augustine, Florida). It is used in a manner analogous to 
chlorine or chloramine disinfection. PAA is not Title 22 approved and bench scale and/or pilot testing would 
be advisable to determine a design dose and design CT.  

5.4.4.2 Facilities Required 

Similar to Alternative 1 (Chlorination), the existing RBC secondary clarifiers could be converted to contact 
tanks. PAA storage and metering facilities would need to be constructed. PAA would require testing, 
coordination and conditional approval with DDW because it is not currently approved under Title 22 
regulations.  

5.4.4.3 PAA Considerations 

The advantages and disadvantages associated with PAA disinfection are summarized in Table 5-23 below. 
While PAA is an effective disinfectant that would not require new tanks to be constructed, PAA use would 
require DDW conditional approval. Pilot testing would likely be needed to obtain DDW approval.  

 
Table 5-23. PAA Disinfection Considerations 

Advantages 
• Has been proven to be an effective disinfectant 
• Does not increase chloride concentration in recycled water 
• Does not form DBPs 

Disadvantages 
• Not approved technology by DDW 
• Requires RWQCB approval to discharge a residual  
• Limited operational experience in US 

 

5.4.5 Disinfection Screening Results 
The screening matrix outlined in Table 5-24 was used to evaluate the filtration options, with free chlorine as 
the baseline condition. Free chlorine, UV disinfection, and pasteurization were deemed the best options and 
so were carried forward for further evaluation. Free chlorine was selected as the best option due to its 
competitive cost and ease of operation. UV disinfection was also selected as a potential technology because 
it would minimize increasing chloride levels in the recycled water. As noted above, chloramination and 
ozonation were eliminated from consideration due to operational complexity and cost prior to screening and 
are therefore not included in the evaluation table. 
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Table 5-24. Disinfection Screening  

Criterion Chlorination UV Disinfection Pasteurization PAA 

Permitting requirements 0 0 - - 

Ease of operations & maintenance 0 - - - 

Reliability 0 0 - - 

Constructability 0 0 - 0 

Right-of-way acquisition difficulty 0 0 0 0 

Greenhouse gas emissions/carbon footprint 0 - - 0 

Future flexibility 0 0 0 0 

Aesthetics 0 0 0 0 

Economics (construction costs) 
0 

$1.0M 
- 

$2.8M 
- 

$6.5M 
0 

$1.0 

Notes:   
The baseline technology is chlorination. 
+ = Technology has more benefits than the baseline. 
0 = Technology has the same benefits as the baseline. 
 - = Technology has fewer benefits than the baseline. 

 

5.5 Chloride Reduction 
5.5.1 Chloride Sources 
The City’s raw water supply typically has a chloride concentration between 20 to 50 mg/L (per Nalco in 
November 2015 water quality objectives meeting). The average chloride concentration in the City’s 
wastewater effluent is 215 mg/L and the water quality specification requires recycled water to have an 
average monthly chloride concentration of 180 mg/L or less. Therefore, chloride reduction in the recycled 
water is needed. 

A review of potential sources of chloride was performed to identify the causes of the increase in chloride 
between the raw water source and the wastewater effluent. Typically, chloride concentrations in domestic 
wastewater can be 20 to 50 mg/L higher than the potable water source (not including additions from water 
softeners) (Water Quality, George Tchobanaglous, 1987). Additionally, the City currently adds approximately 
30 gpd of ferric chloride to raw wastewater at the WWTP for hydrogen sulfate control, as well as 
approximately 60 gpd of sodium hypochlorite for disinfection and odor control. Chemical addition due to the 
wastewater treatment process contributes approximately 15 to 20 mg/L of chloride. The City reviewed 
industrial dischargers to identify potential point sources for chloride and performed initial sampling along the 
collection system to develop a profile of chloride concentrations along the collection system. Several 
locations were identified as high chloride sources along the collection system that may be indicative of 
infiltration and inflow (I/I) or industrial dischargers. The City is in the process of conducting a more detailed 
investigation to determine what modifications to the collection system and/or pretreatment program could 
be implemented to reduce chloride concentrations in the raw wastewater.  
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5.5.2 Chloride Control Alternatives 
Reverse osmosis, electrodialysis, and ion exchange are advanced treatment technologies that can 
effectively reduce total dissolved solids (TDS) and specific cations/anions however these technologies have 
high operating and construction costs and require reject or regeneration stream management, requiring 
additional permit efforts. The previous 2008 recycled water study included reverse osmosis for chloride 
control and contributed to the project being deemed economically infeasible at the time. For this reason, 
alternatives to advanced treatment were reviewed as part of this feasibility study. Source control will be the 
primary focus of chloride control and the City is in the process of determining the potential measures needed 
to control chloride in the collection system. In the interim, blending recycled water with a low TDS water was 
identified as a preferred alternative to advanced treatment. Operating costs presented in Section 6 were 
based on blending over the first 12 years of operation of the project, with a steady reduction in final effluent 
chloride concentrations occurring based on the implementation of source control measures.  

5.5.3 Implementation at the City 
Blending of recycled water with raw or potable water could occur at the WWTP or at the proposed storage 
locations. Raw water blending would be most feasible at the Refinery because raw water conveyance would 
need to be extended to the WWTP or City Corporation Yard which would be cost prohibitive. Raw water 
blending would also likely require pretreatment due to the high suspended solids concentration.  

Based on initial discussions with the Refinery, the City would be responsible for blending and delivering a 
water to the Refinery that meets the water quality specifications. Blending at the WWTP would streamline 
operations and maintenance because the other alternative locations are remote and offsite. Additionally, 
controlling the blending at the WWTP would mean that any water pumped to offsite storage would meet 
recycled water quality specifications and would simplify management of off-specification water. For these 
reasons, blending with potable water was assumed to occur at the WWTP. An initial review of the potable 
water distribution system indicates that there would be adequate capacity to meet the blending demands. It 
is recommended that in subsequent project phases, water distribution modeling be performed to confirm 
that the potable water system can meet the peak blending demands at the WWTP.  

5.6 Recommendations 
Based on the screening effort, the treatment technologies in Table 5-25 are recommended for further 
development as part of the alternatives analysis development.  

 
Table 5-25. Screened Technologies for Alternatives Development 

Phosphate Removal Ammonia Removal Filtration Disinfection Chloride Reduction 

Chemical addition MLE (Nitrifying Activated 
Sludge with Denitrification) CMF Chlorination Blending with Potable Water 

at the WWTP 

 TMBR  UV  
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Section 6: Treatment Alternatives Development and Evaluation 
This section utilizes the findings from the treatment technology screening (Table 5-25) and develops and 
evaluates two treatment alternatives. 

6.1 Treatment Alternative 1 
Alternative 1 would include the following treatment technologies and upgrades and Figure 6-1 provides a 
process flow diagram:  
• Chemical addition for phosphate removal 
• MLE for ammonia removal 
• CMF 
• Chlorination 

 

 
Figure 6-1. Treatment Alternative 1 process flow diagram 

 

The following sections provide details of the facility upgrades and assumptions that the alternative and 
construction costs are based on. Figure 6-2 provides a site plan for the treatment facilities associated with 
Alternative 1. The site plan includes the recycled water pump station that would be located at the treatment 
plant site. The details of the recycled water pump station are included in the Conveyance Alternatives TM 
(dated April 13, 2016). 
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Figure 6-2. Treatment Alternative 1 site plan 

 

6.1.1 Chemical Addition for Phosphate Removal 
Alum addition would be provided at the WWTP for precipitation of phosphate. As shown in Figure 6-2, alum 
storage and metering facilities would be located near the wastewater equalization basins. An annual 
average dose of 30 mg/L of alum was assumed to provide precipitation of phosphate to below 1 mg/L as 
phosphorus. The facility plan includes two, 10,000-gallon alum storage tanks and chemical metering pumps. 
The primary point of alum addition is assumed to be upstream of the tertiary filters (at the flocculation 
tanks), however as shown in Figure 5-21, alum addition points at the primary clarifiers and secondary 
clarifiers would be included.  

6.1.2 MLE for Ammonia Removal 
The calibrated process model was used to simulate performance of the nitrifying activated sludge system 
and confirm that full nitrification is possible with three aeration basins. Equalization of the belt press filtrate 
in the City’s existing dissolved air flotation thickener tank was included as a project component to minimize 
ammonia spikes. It is recommended that in subsequent project phases the need for equalization of belt 
press filtrate be confirmed by characterizing the diurnal profile of influent wastewater. The key conclusions 
from this evaluation include: 
• Full nitrification is possible during summer conditions with two aeration basins in service (based on 

wastewater characterization influent concentrations and temperatures). Maximum 24-hour effluent 
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ammonia-N was 0.5 mg/L. Preliminary clarifier evaluation shows that two clarifiers are sufficient for this 
condition. 

• Anoxic zones and mixed liquor recycle were included for denitrification and alkalinity recovery. Based on 
wastewater characterization data, alkalinity addition will be needed intermittently. 

• Nitrification was possible during winter with three aeration basins (based on 30 days of influent flows, 
BOD, and NH3-N concentrations ending February 11, 2014), assuming a wastewater temperature of 
17.5 degrees Celsius (°C). Average ammonia concentrations were below 1 mg/L, but the model did 
show some spikes in effluent ammonia, especially during high flows. To manage potential ammonia 
spikes the following approaches could be utilized: 
− Include ability to operate the aeration zones with a DO concentration up to 3 mg/L. 
− Increase SRT if needed to fully nitrify. 
− Include ability to operate in sludge reaeration mode during peak flow events and/or consider 

increasing peak flow rates to the RBC,  
− Include ammonia probes in activated sludge basins and provide controls to increase DO based on 

ammonia concentrations 
− Include ammonia probes on secondary effluent and manage ammonia concentrations in the 

recycled water with potable water blending and/or breakpoint chlorination, 
− During design, further investigate the diurnal loading profiles. Modeled spikes may be due to 

inaccurate assumptions about diurnal peak loadings. 
− During design, re-evaluate model calibration to determine if nitrifier growth rates have improved 

since the chlorinated spray water was removed from the aeration basins. 

Based on the conclusions of the nitrifying activated sludge evaluation the system upgrades will include the 
following: 
• New aeration basin flow split structure with provisions to operate in sludge reaeration mode, 
• One new aeration basin (0.36 MG), 
• New diffuser grids and additional aeration blowers with ammonia based control strategies,  
• Internal mixed liquor pumps and anoxic mixers in the existing and new aeration basins, and 
• Alkalinity storage and metering facilities (caustic soda). 
The existing aeration basins are covered and foul air is routed to a wet scrubber for odor control. Provisions 
to cover the new aeration basin were included together with foul air handling and treatment. The existing wet 
scrubber would have inadequate capacity for additional foul air treatment so a second wet scrubber was 
assumed. 

6.1.3 CMF 
Two cloth media filter cells, each having 8 disks, were assumed for the tertiary filters. Flocculation upstream 
of the cloth media filters was included to provide adequate mixing and flocculation of the alum and 
phosphate. Secondary effluent would be pumped to the flocculation tanks and filters. The secondary effluent 
or filter feed pump station would be sized to provide up to 0.5 MG of secondary effluent equalization so that 
the filters could be operated at near constant flow rate of 2.0 mgd. It is recommended that in subsequent 
studies, the alum dosage, need for flocculation, and performance with the CMF be confirmed through jar 
testing, contact with operating facilities, and if warranted, pilot testing.  
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6.1.4 Chlorination 
The two RBC secondary clarifiers that are currently not used would be converted into chlorine contact basins 
for tertiary effluent only. Secondary effluent that is not filtered and will be discharged to the outfall would be 
disinfected in the existing chlorine contact basins. Modifications to the RBC secondary clarifier tanks would 
be needed to provide proper flow distribution into the tanks and baffling. Because the City already has 
sodium hypochlorite storage facilities, it was assumed that new sodium hypochlorite storage would not be 
needed and only new metering pumps would be constructed. The disinfected recycled water would be routed 
to the recycled water pump station.  

6.1.5 Economics 
Table 6-1 provides a summary of the construction cost estimate for Alternative 1 (refer to Attachment E for a 
detailed breakdown of costs). The recycled water pump station is not included in the Treatment Alternative 1 
construction cost estimate. An allowance was included for general maintenance activities associated with 
the City’s outfall that may be needed to accommodate intermittent discharge. All new facilities were 
assumed to be constructed on pile foundations. A 35 percent construction contingency was included in the 
estimate to account for unforeseen conditions and unknown conditions at this level of the design. The 
construction costs were escalated to January 2019, which was the assumed midpoint of construction. A 
35 percent factor was added to the construction costs to account for engineering, construction 
management, permitting and administrative costs.  

 
Table 6-1. Alternative 1 Net Present Value 

Item Cost ($M) 

Construction Costa 12.2 

Capital Costb 16.5 

Annual operating costs c 
Energy 
Chemicals 
Equipment repair/replacement 
Potable water – emergency used  
Potable water – blending usee 

 
0.32 
0.10 
0.02 
0.21 

0.6 to 1.0 

Net Present Valuef 40.3 

a. Construction costs include a 35 percent construction contingency and are escalated to the assumed 
midpoint of construction (January 2019). 

b. Capital costs were estimated using a 35 percent factor to account for engineering, administration, 
permitting and construction management costs. 

c. Energy costs were estimated assuming an electrical cost of $0.13/kWh. Chemical costs include alum, 
caustic and sodium hypochlorite addition. Equipment repair and replacement was estimated at one 
percent of equipment construction costs. Annual operating costs are presented in 2016 dollars. 

d. Potable water emergency use was assumed to be needed 18 days out of the year at an annual average 
demand of 1.7 mgd. A potable water cost of $2,210/AF was assumed based on the City’s rate study 
prepared in 2016. 

e. Potable water blending was assumed to occur for years 1 through 10. Years 1 through 5 assume a 75% 
recycled water/25% potable water ratio. Years 6 through 10 assume an 85% recycled water: 15% potable 
water blend ratio. 

f. Net present value was calculated over a 30-year period assuming a five percent discount rate. The first 
year of recycled water production was assumed to occur in 2019. Annual operating costs were escalated 
each year by 2.5 percent. Construction costs were amortized over a 30-year period assuming a two 
percent interest rate for the full construction costs. 
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Annual operating costs were estimated for Alternative 1 and include estimates for chemical use, equipment 
replacement, and energy costs. Table 5-26 provides a summary of the annual operating costs. Potable water 
blending was assumed to be needed for the first 10 years of the project. In Years 1 through 5, 450 AFY of 
potable water was assumed to be needed; in years 6 through 10, 280 AFY of potable water was assumed. 

The net present value over 30 years was developed assuming an annual inflation rate of three percent and a 
discount rate of five percent. The capital cost of Alternative 1 was amortized over a 30-year period, assuming 
all costs are financed through a low-interest loan with a two percent interest rate. 

6.2 Alternative 2 
Alternative 2 includes the following treatment technologies and upgrades:  
• Chemical addition for phosphate removal 
• TMBR for ammonia removal and filtration 
• Chlorination 

The following sections provide details of the facility upgrades and assumptions that the alternative and 
construction costs are based on. Figure 6-3 provides a site plan for the treatment facilities associated with 
Alternative 2 and Figure 6-4 provides a process flow diagram. Similar to Alternative 1, a recycled water pump 
station would be located at the treatment plant site and is included as part of the conveyance alternatives 
(Conveyance Alternatives TM dated April 13, 2016). 
 

 
Figure 6-3. Treatment Alternative 2 site plan 
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Figure 6-4. Treatment Alternative 2 process flow diagram 

 

6.2.1 Chemical Addition for Phosphate Removal 
As with Alternative 1, alum addition would be provided at the WWTP for precipitation of phosphate. Alum 
storage and metering facilities would be located near the wastewater equalization basins. An annual 
average dose of 30 mg/L of alum was assumed to provide precipitation of phosphate to below 1 mg/L as 
phosphorus. The facility plan includes a 10,000-gallon alum storage facility. The primary point of alum 
addition is assumed to be in the membrane tanks, however alum addition at the primary clarifiers would also 
be included.  

6.2.2 TMBR  
The TMBR would be constructed downstream of the City’s existing activated sludge facilities in two of the 
former RBC secondary clarifiers. To provide near-constant loading to the TMBR, primary effluent would be 
equalized in the City’s existing wastewater equalization basins. The equalization basins would be covered 
and a new odor control system would be provided to treat foul air and minimize odors at the plant. 
Equalization of belt press filtrate was also assumed with this alternative. The activated sludge system would 
continue to operate as it currently does, in partial nitrification mode, and secondary effluent would be 
diverted to a wet well and pumped to the TMBR tanks. The TMBR system will include permeate pumps and 
membrane CIP facilities that were assumed to be located to the east of the tanks under a canopy. New 
aeration blowers, membrane air scour blowers, RAS and WAS pumps would also be needed and could be 
located in the existing Equipment Building. Alkalinity addition is needed for nitrification in the TMBR. 

The calibrated process model was used to simulate performance of the TMBR system. The TMBR was able to 
completely nitrify (ammonia-N less than 0.3 mg/L for both summer and winter). Key conclusions from this 
evaluation include: 
• The existing activated sludge process would need to continue partial nitrification to meet discharge 

permit ammonia limits. Partial nitrification will produce a more variable secondary effluent ammonia 
concentration than a non-nitrifying system, but modeling indicates that the TMBR quality is still 
adequate. 

• The TMBR will produce a new waste sludge stream to the digesters. 

The TMBR would provide filtration that complies with Title 22 regulations such that permeate would be 
routed directly to disinfection. 
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6.2.3 UV Disinfection 
New tankage is needed for disinfection with this alternative so UV disinfection was included to minimize the 
amount of new tankage required. Open channel UV disinfection was assumed and would be located south of 
the TMBR facilities. A canopy covering the UV disinfection channel was included. The UV tank footprint of 30 
ft long by 10 ft wide by 7 ft deep was developed around design details provided by Wedeco (refer to 
Attachment D).  

6.2.4 Economics 
Table 6.2 provides a summary of the construction cost estimate for Alternative 2. The recycled water pump 
station is not included in the Treatment Alternative 2 construction cost estimate. All new facilities were 
assumed to be constructed on pile foundations. A 35 percent construction contingency was included in the 
estimate to account for unforeseen conditions and unknown conditions at this level of the design. The 
construction costs were escalated to January 2019, which was the assumed midpoint of construction. A 
25 percent factor was added to the construction costs to account for engineering, construction 
management, permitting and administrative costs. 

 
Table 6-2. Alternative 2 Net Present Value 

Item Cost ($M) 

Construction costa 10.7 

Capital costb 14.5 

Annual operating costsc 
Energy 
Chemicals 
Equipment repair/replacement 
Potable water – emergency used 
Potable water – blending usee 

 
0.40 
0.10 
0.11 
0.21 

0.6 to 1.0 

Net Present Valuef 43.5 

a. Construction costs include a 35 percent construction contingency and are escalated to the assumed midpoint of construction 
(January 2019). 

b. Capital costs were estimated using a 35 percent factor to account for engineering, administration, permitting and 
construction management costs. 

c. Energy costs were estimated assuming an electrical cost of $0.13/kWh. Chemical costs include alum, caustic and CIP 
chemicals. Equipment repair and replacement was estimated at one percent of equipment construction costs in addition to 
the annualized cost of membrane and UV lamp replacement. Annual operating costs are presented in 2016 dollars. 

d. Potable water emergency use was assumed to be needed five days out of the year at an annual average demand of 1.7 mgd. 
A potable water cost of $2,210/AF was assumed based on the City’s rate study prepared in 2016. 

e. Potable water blending was assumed to occur for years 1 through 10. Years 1 through 5 assume a 75% recycled water/25% 
potable water ratio. Years 6 through 10 assume an 85% recycled water: 15% potable water blend ratio. 

f. Net present value was calculated over a 30-year period assuming a five percent discount rate. The first year of recycled water 
production was assumed to occur in 2019. Annual operating costs were escalated each year by 2.5 percent. Construction 
costs were amortized over a 30-year period assuming a two percent interest rate for the full construction costs. 

 

Annual operating costs were estimated for Alternative 2 and include estimates for chemical use, equipment 
replacement (including membrane and UV lamp replacement), and energy costs. Table 6-2 provides a 
summary of the annual operating costs. The net present value over 30 years was developed assuming an 
annual inflation rate of 2.5 percent and a discount rate of five percent. The capital cost of Alternative 2 was 
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amortized over a 30-year period, assuming all costs are financed through a low-interest loan with a 
2 percent interest rate. 
 

6.3 Evaluation of Alternatives 
The alternatives were evaluated using the established criteria and assuming Alternative 1 is the baseline. 
The evaluation is presented in Table 6-3. Alternative 1 has the key advantage of having lower operations and 
maintenance requirements due to less mechanically complex equipment and due to a simpler operating 
strategy. Alternative 2 requires equalization of primary effluent in the wet weather basins which does 
present operational complexity due to the need to lower levels in the equalization basin in advance of a 
storm. Alternative 1 also provides more flexibility to meet potential discharge nutrient regulations with a 
lower chemical demand; the TMBR would require a carbon source to achieve any level of denitrification. 
Based on the economic and non-economic factors, Alternative 1 was selected to carry forward. 
 

Table 6-3. Evaluation of Treatment Alternatives 

Criterion Alternative 1 Alternative 2 

Permitting requirements 0 0 

Ease of operations & maintenance + - 

Reliability + - 

Constructability - + 

Right-of-way acquisition difficulty 0 0 

Greenhouse gas emissions/carbon footprint + - 

Future flexibility + - 

Aesthetics 0 0 

Economics (net present value) 
+ 

$40.3 M 
- 

$43.5M 

Notes:   
Alternatives are compared to each other and assigned the following rankings: 
+ = Alternative has more benefits than the other alternative. 
0 = Alternative has the same benefits as the other alternative. 
 - = Alternative has fewer benefits than the other alternative. 

 

Section 7: Recommendations 
Based on the evaluation presented in Table 6-3, it is recommended that Alternative 1 be carried forward into 
subsequent project phases. Alternative 1 provides non-economic benefits and has the lower net present 
value. It is recommended that the following be considered and/or performed during subsequent project 
phases: 
• Jar testing to confirm design alum dosages necessary to meet the phosphate recycled water quality 

specifications. 
• Pilot testing and additional coordination with CMF manufacturers to confirm the need for flocculation 

and sedimentation upstream of the CMF and the performance of CMF with alum. 
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• Further characterization of diurnal loading profiles at the WWTP to confirm the need for equalization of 
the belt press filtrate and to confirm effluent ammonia concentrations over a 24-hour period.  

• Continued monitoring of the activated sludge system to confirm if nitrifier growth rates have improved 
since the chlorinated spray water was removed from the aeration basins. 

• Identification of a preferred wet weather operational control strategy if contact stabilization mode is 
utilized and effluent ammonia concentrations are greater than 1 mg-N/L. Breakpoint chlorination could 
be used as an alternative to potable water blending. 

• Source control investigations to identify measures that can be implemented to ultimately reduce the 
recycled water chloride concentration to below 180 mg/L. 
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Attachment A: BioWin Modeling Summary 
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Appendix A 

BioWin Modeling Results 
 

Table 1. Assumed Influent Characteristic Fractions 

Influent Fractions  
Name Influent Value 

Fbs  -  Readily biodegradable (including Acetate)    [gCOD/g of total COD] 0.126 

Fac  - Acetate    [gCOD/g of readily biodegradable COD] 0.150 

Fxsp - Non-colloidal slowly biodegradable    [gCOD/g of slowly degradable COD] 0.87 

Fus  - Unbiodegradable soluble    [gCOD/g of total COD] 0.049 

Fup  - Unbiodegradable particulate    [gCOD/g of total COD] 0.26 

Fna  - Ammonia    [gNH3-N/gTKN]  0.611 

Fnox - Particulate organic nitrogen    [gN/g Organic N] 0.600 

Fnus - Soluble unbiodegradable TKN    [gN/gTKN] 0.02 

FupN - N:COD ratio for unbiodegradable part. COD    [gN/gCOD] 0.035 

Fpo4 - Phosphate    [gPO4-P/gTP] 0.477 

FupP - P:COD ratio for unbiodegradable part. COD    [gP/gCOD] 0.011 

FZbh - Non-poly-P heterotrophs    [gCOD/g of total COD] 2.00E-02 

FZbm - Anoxic methanol utilizers    [gCOD/g of total COD] 1.00E-04 

FZaob - Ammonia oxidizers    [gCOD/g of total COD] 1.00E-04 

FZnob - Nitrite oxidizers    [gCOD/g of total COD] 1.00E-04 

FZamob - Anaerobic ammonia oxidizers    [gCOD/g of total COD] 1.00E-04 

FZbp - PAOs    [gCOD/g of total COD] 1.00E-04 

FZbpa - Propionic acetogens    [gCOD/g of total COD] 1.00E-04 

FZbam - Acetoclastic methanogens    [gCOD/g of total COD] 1.00E-04 

FZbhm - H2-utilizing methanogens    [gCOD/g of total COD] 1.00E-04 

Stoichiometric Parameters   
Name Value 

Particulate substrate COD:VSS ratio [mgCOD/mgVSS] 1.850 

Particulate inert COD:VSS ratio [mgCOD/mgVSS] 1.850 
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Figure 1. Wastewater characterization fractions 
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Table 2. Wastewater Characterization Influent Data 

Day 
Flowc TSS VSS COD sCODa ffCOD BOD5 sBOD5a  VSS  
mgd mg/L mg/L mg/L mg/L mg/L mg/L mg/L  %  

10/19/2015 1.71 370 337 1,016 291 206 370 100  91.1  
10/20/2015 1.68 530 488 1,084 222 152 440 85  92.0  
10/21/2015 1.64 380 353 844 238 162 360 91  93.0  
10/22/2015 1.62 460 428 974 224 166 330 93  93.0  
10/23/2015 1.63 590 543 1,003 214 152 480 74  92.0  
10/24/2015 1.67 550 512 1,059 211 154 420 88  93.0  
10/25/2015 1.78 350 319 776 192 138 350 110  91.0  
10/26/2015 1.69 460 419 998 283 204 400 120  91.0  
10/27/2015 1.67 400 368 802 225 158 360 98  91.9  
10/28/2015 1.71 470 432 890 249 185 380 97  92.0  
10/29/2015 1.64 340 316 1,279 228 163 320 87  93.0  
10/30/2015 1.62 420 386 921 219 160 410 96  92.0  
10/31/2015 1.70 320 294 829 222 161 330 100  92.0  
11/1/2015 1.86 610 554 1,159 231 196 500 110  90.9  

                     
Average 1.687 446.43 410.63 973.86 232.07 168.36 389.29 96.36    
Median 1.675 440 402.5 986 224.5 161.5 375 96.5    
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Table 2. Wastewater Characterization Influent Data 

Day 

TKN sTKNa NH3-Nb NO3-Nb NO2-Nb TP sPa otho-Pb Total Alk pH Temperature 

mg N/L mg N/L mg N/L mg N/L mg N/L mg P/L mg P/L mg P/L 
mg 

CaCO3/L   °C 
10/19/2015 63 48 45 0.125 0.109 7.2 4.1 3.431 314 7.3 22.4 
10/20/2015 69 48 38 1.473 0.274 8 4.4 3.52 319 7.5 20.8 
10/21/2015 69 49 40 1.028 0.215 8 4.6 3.832 314 7.5 21.8 
10/22/2015 72 26 40 1.343 0.191 8.2 4.7 3.818 315 7.5 20.8 
10/23/2015 67 46 43 1.216 0.185 8.1 4.4 3.76 330 7.4 21.5 
10/24/2015 64 49 39 1.283 0.192 8.1 4.6 3.681 331 7.3 21.0 
10/25/2015 64 49 39 1.648 0.312 7.9 4.7 4.042 316 7.4 21.4 
10/26/2015 65 50 38 1.058 0.27 7.5 4.6 3.799 313 7.6 21.1 
10/27/2015 62 48 38 1.372 0.294 8.4 4.7 3.722 324 7.7 21.0 
10/28/2015 60 50 42 2.129 0.403 9.7 6.6 5.081 322 7.5 21.8 
10/29/2015 57 51 43 2.384 0.427 8.7 5.9 4.818 320 7.6 20.4 
10/30/2015 58 43 40 1.417 0.248 8.5 5.1 4.106 311 7.7 21.3 
10/31/2015 61 52 39 1.467 0.251 8.4 5 3.971 306 7.5 21.6 
11/1/2015 65 50 39 1.731 0.266 9.3 6.4 4.145 309 7.3 21.1 

                        
Average 64.0 47.1 40.2 1.4 0.3 8.29 4.99 3.98 317 7.48 21.3 
Median 64.0 49.0 39.5 1.4 0.3 8.15 4.70 3.83 315.5 7.49 21.2 

a. Filtered through glass fiber filter before analysis. 
b. Filtered through a 0.45 µm filter before analysis. 
c. Reported effluent flow. 
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Table 3. Wastewater Characterization Primary Effluent (PE) Data 

Day 
Flowc TSS VSS COD sCODa ffCOD BOD5 sBOD5a   VSS   
mgd mg/L mg/L mg/L mg/L mg/L mg/L mg/L   %   

10/19/2015 1.710 78 72 479 334 304 190 120 
 

91.8 
 

10/20/2015 1.680 96 87 429 248 170 180 110 
 

91.0 
 

10/21/2015 1.640 84 76 452 240 183 160 94 
 

91.0 
 

10/22/2015 1.620 83 76 382 242 178 150 99 
 

91.0 
 

10/23/2015 1.630 97 86 383 230 162 160 110 
 

89.0 
 

10/24/2015 1.670 73 61 357 263 157 150 95 
 

84.0 
 

10/25/2015 1.780 84 74 389 189 110 180 120 
 

88.0 
 

10/26/2015 1.690 94 85 414 275 197 200 130 
 

90.0 
 

10/27/2015 1.670 85 80 376 226 166 160 100 
 

93.6 
 

10/28/2015 1.710 84 74 372 236 160 160 100 
 

88.0 
 

10/29/2015 1.640 71 61 371 244 170 140 99 
 

86.0 
 

10/30/2015 1.620 81 70 352 215 159 150 93 
 

86.0 
 

10/31/2015 1.700 76 65 368 215 152 160 96 
 

86.0 
 

11/1/2015 1.860 82 69 379 238 171 170 110 
 

84.2 
                         

Average 1.687 83.43 73.98 393.07 242.50 174.21 165.00 105.43       
Median 1.675 83.5 73.92 380.5 239 168 160 100       
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Table 3. Wastewater Characterization Primary Effluent (PE) Data 

Day  

TKN sTKNa NH3-Nb NO3-Nb NO2-Nb TP sPa otho-Pb Total Alk pH Temperature 

mg N/L mg N/L mg N/L mg N/L mg N/L mg P/L mg P/L mg P/L mg CaCO3/L   °C 
10/19/2015 61 53 44 0.113 0.094 7.7 6.2 5.14 322 6.9 21.3 
10/20/2015 59 48 42 1.026 0.27 7.2 5.8 4.823 310 6.8 22.6 
10/21/2015 58 51 42 0.435 0.356 8.1 6.2 5.28 321 7.0 22.7 
10/22/2015 62 52 44 0.361 0.504 7.7 6.3 5.281 322 7.0 22.0 
10/23/2015 55 55 46 0.766 0.168 8.1 6.7 5.498 331 7.0 22.1 
10/24/2015 59 55 45 0.79 0.192 8.5 7.2 5.924 332 7.0 21.6 
10/25/2015 53 54 41 1.131 0.214 7.8 6.4 5.406 314 7.1 21.8 
10/26/2015 51 48 36 0.689 0.165 6 4.6 3.654 290 7.0 21.5 
10/27/2015 50 52 41 0.917 0.197 9.5 7.6 5.88 316 6.9 22.3 
10/28/2015 51 53 46 1.338 0.345 10 8.7 6.836 322 7.0 22.7 
10/29/2015 51 55 46 1.087 0.474 10 8.5 6.853 327 7.1 21.5 
10/30/2015 52 47 43 0.676 0.234 8.4 7 5.679 311 7.1 22.0 
10/31/2015 58 54 42 0.809 0.249 8 6.6 5.335 313 7.1 22.5 
11/1/2015 51 49 41 1.127 0.306 7.9 5.1 5.263 304 7.0 22.5 

            Average 55.1 51.9 42.8 0.8 0.3 8.21 6.64 5.49 317 7.00 22.1 
Median 54.0 52.5 42.5 0.8 0.2 8.05 6.50 5.37 318.5 6.99 22.05 

a. Filtered through glass fiber filter before analysis. 
b. Filtered through a 0.45 µm filter before analysis. 
c. Reported effluent flow. 
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Table 4. Wastewater Characterization Secondary Effluent Data 

Day 
Flow TSS VSS COD sCODa ffCOD BOD5 sBOD5a 

 
VSS 

  mgd mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
 

% 
  10/19/2015 1.710 3.4 3.06 47 44 31 3.1 2.1 

 
90 

  
10/20/2015 1.680 4.1 4.018 50 45 34 3.5 2.1 

 
98 

  
10/21/2015 1.640 3.6 3.6 54 55 50 3.3 2.4 

 
100 

  
10/22/2015 1.620 4.2 3.78 49 62 42 3.6 2.1 

 
90 

  
10/23/2015 1.630 4.3 3.87 54 54 56 3.6 2.5 

 
90 

  
10/24/2015 1.670 3.9 3.9 54 54 46 3.9 2.7 

 
100 

  
10/25/2015 1.780 5.8 4.988 67 70 46 4.4 3.7 

 
86 

  
10/26/2015 1.690 7.1 6.319 52 47 42 6.4 3.7 

 
89 

  
10/27/2015 1.670 7 6.097 55 56 45 6.5 4.5 

 
87.1 

  
10/28/2015 1.710 9 7.83 67 56 47 7.2 4.1 

 
87 

  
10/29/2015 1.640 9 7.74 76 67 55 6.2 4.6 

 
86 

  
10/30/2015 1.620 7.9 7.11 62 64 53 5.9 3.6 

 
90 

  
10/31/2015 1.700 8.4 6.72 62 60 53 6.6 3.8 

 
80 

  
11/1/2015 1.860 8.8 7.6296 67 72 56 6.2 4 

 
86.7 

  Average 1.687 6.18 5.48 58.3 57.6 46.9 5.028571 3.278571         
Median 1.675 6.40 5.54 54.5 56.0 46.5 5.15 3.65         
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Table 4. Wastewater Characterization Secondary Effluent Data 

Day 

TKN sTKNa NH3-Nb NO3-Nb NO2-Nb TP sPa otho-Pb Total Alk pH Temperature 
 mg N/L mg N/L mg N/L mg N/L mg N/L mg P/L mg P/L mg P/L mg CaCO3/L 

 
°C 

 10/19/2015 30 29 25 0.637 2.892 3.2 3.1 2.806 258 7.25 22.3  
10/20/2015 28 26 24 0.53 3.074 1.8 1.7 1.485 249 7.18 22.5  
10/21/2015 27 28 24 0.873 5.028 2.5 2.4 2.096 245 7.04 23.6  
10/22/2015 25 8.7 c 23 1.121 5.952 3.1 3 2.653 235 7.23 22.6  
10/23/2015 25 25 23 1.33 6.867 4.1 3.9 3.558 233 7.15 22.9  
10/24/2015 26 25 23 1.336 7.163 4.7 4.6 4.083 233 7.07 22.6  
10/25/2015 26 26 22 1.433 6.996 5.3 5.2 4.667 230 7.18 22.3  
10/26/2015 22 22 18 1.352 5.795 4 3.9 3.422 217 7.20 22.2  
10/27/2015 22 25 20 0.982 5.053 3.3 2.9 2.398 223 7.26 22.5  
10/28/2015 24 27 25 1.057 6.056 4.4 4.1 3.303 234 7.26 22.1  
10/29/2015 28 29 26 0.95 6.108 6.1 5.7 4.726 239 7.18 22.2  
10/30/2015 26 23 23 1.216 6.644 5.1 4.9 4.149 239 7.23 22.4  
10/31/2015 27 27 21 2.252 6.933 5.8 5.3 4.522 218 7.26 22.5  
11/1/2015 29 26 22 1.499 6.136 6.2 6 5.088 222 7.19 23.2  

Average 26.07 24.76 22.79 1.18 5.76 4.26 4.05 3.50 234 7.19 22.6   
Median 26.00 26.00 23.00 1.17 6.08 4.25 4.00 3.49 234 7.20 22.5   

a. Filtered through glass fiber filter before analysis. 
b. Filtered through a 0.45 µm filter before analysis. 
c. Value not used. 
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Table 5. Wastewater Characterization Aeration Basin 1 Data 

Day 
TSS VSS TP pH Temperature   VSS           

mg/L mg/L mg P/L   °C   %           
10/19/2015 2,388 1,953 67 6.99 24.6   81.8           
10/20/2015 2,400 1,944 70 6.93 23.6   81.0           
10/21/2015 2,400 1,920 76 6.88 24.9   80.0           
10/22/2015 2,200 1,760 71 6.85 23.8   80.0           
10/23/2015 2,100 1,680 67 6.91 23.8   80.0           
10/24/2015 1,900 1,539 65 6.79 24   81.0           
10/25/2015 1,800 1,458 58 6.87 23.3   81.0           
10/26/2015 1,700 1,377 48 6.93 23.3   81.0           
10/27/2015 1,600 1,280 53 6.96 23.1   80.0           
10/28/2015 1,500 1,200 56 6.92 24.1   80.0           
10/29/2015 1,500 1,200 55 6.94 23.3   80.0           
10/30/2015 1,500 1,200 55 7.02 23.5   80.0           
10/31/2015 1,600 1,296 52 6.98 22.9   81.0           
11/1/2015 1,600 1,317 54 6.83 23.7   82.3           

Average 1870.571 1508.87 60.50 6.9 23.7               
Median 1750.000 1417.50 57.00 6.9 23.7               
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Table 6. Wastewater Characterization Aeration Basin 2 Data 

Day 

TSS VSS TP pH Temperature VSS 

mg/L mg/L mg P/L 
 

°C % 
10/19/2015 2,165 1,769 60 6.91 24.2  81.7 

10/20/2015 2,100 1,680 60 6.98 22.5  80.0 

10/21/2015 2,200 1,760 68 6.94 23.8  80.0 

10/22/2015 2,100 1,701 66 6.94 23.4  81.0 

10/23/2015 1,900 1,539 64 6.83 23.8  81.0 

10/24/2015 1,600 1,280 60 6.8 23.6  80.0 

10/25/2015 1,600 1,280 54 7.05 22.5  80.0 

10/26/2015 1,600 1,296 51 6.85 23.7  81.0 

10/27/2015 1,500 1,215 50 6.89 23.7  81.0 

10/28/2015 1,400 1,134 53 6.92 23.8  81.0 

10/29/2015 1,400 1,120 51 7.1 22.6  80.0 

10/30/2015 1,400 1,134 52 6.97 24.4 81.0 

10/31/2015 1,500 1,215 48 6.94 23.4  81.0 

11/1/2015 1,500 1,223 48 6.95 23.4  81.5 

Average 1711.79 1381.81 56.07 6.93 23.49  
Median 1600.00 1280.00 53.50 6.94 23.65  
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Table 7 – Wastewater Characterization Return Activated Sludge Data 

Day 

TSS VSS TP pH Temperature 
 

VSS 
     mg/L mg/L mg P/L 

 
°C 

 
% 

     10/19/2015 6,038 4,957 170 
   

82.1 
     

10/20/2015 5,800 4,640 170 
   

80.0 
     

10/21/2015 6,200 4,960 160 
   

80.0 
     

10/22/2015 6,200 4,960 160 
   

80.0 
     

10/23/2015 5,700 4,560 170 
   

80.0 
     

10/24/2015 4,400 3,520 150 
   

80.0 
     

10/25/2015 4,000 3,240 130 
   

81.0 
     

10/26/2015 5,000 4,050 170 
   

81.0 
     

10/27/2015 4,900 3,920 170 
   

80.0 
     

10/28/2015 5,600 4,480 190 
   

80.0 
     

10/29/2015 4,800 3,840 180 
   

80.0 
     

10/30/2015 4,900 3,920 160 
   

80.0 
     

10/31/2015 3,200 2,592 100 
   

81.0 
     

11/1/2015 3,900 3,186 120 
   

81.7 
     Average 5045.571 4058.96 157.14 NA NA               

Median 4950.000 3985.00 165.00 NA NA               
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Figure 2. BioWin Configuration 
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Table 8. BioWin Configuration Assumptions 

Influent  

Flows, Concentrations, and Temperature Based on measured data 

Primary Clarifier  

Surface Area, sf 4,424 

Depth, ft 8.3 

TSS removal and sludge flow Based on measured data 

Flow split to RBCs  

Flow split Bypass weir above 8 mgd 

Aeration Tank See Table 9 

Secondary Clarifier  

Surface Area, sf 7,697 

Depth, ft 14 

TSS Removal Constant 99.75% 

RAS flow For calibration, based on measured data 

Spray water recycle splitter  

Flow split 0.432 mgd 

WAS Splitter  

Flow split For calibration, based on measured data 

DAFT  

TSS removal Constant 95% 

Digesters  

Volume, MG 0.8 total including overflow digester; 0.58 with just first two. Assume storage digester is 
half full, so initial volume is 86%. 

Depth, ft 30.5 

Temperature 35 C 

Outflow For calibration, based on reported digested sludge flow and dewatering time. Outflow from 
digester only a few hours per day, so recycle is returned at correct times. 

Belt Press  

TSS removal Constant 95% 
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Table 9. Aeration Basin Assumptions 

  
Volume per 

tank, MG Depth, ft Width, ft 
Assumed DO for 

calibration, mg/L 

Zone 1A 0.029 18.2 20 0.2 

Zone 1B 0.029 18.2 20 0.4 

Zone 1C 0.057 18.2 20 0.4 

Zone 2 0.065 18.2 20 2 

Zone 3 0.090 18.2 20 2 

Zone 4 0.090 18.2 20 0.6 

 
Table 10. BioWin Parameters for Selected Calibration 

 Default Value Used 

AOB growth rate, 1/d 0.9 0.7a 

NOB growth rate, 1/d 0.7 0.7 

AOB DO half saturation, mg/L 0.25 1 

NOB DO half saturation, mg/L 0.5 1 

Aerobic/anoxic DO half saturation, mg/L 0.05 0.5 

a. Growth rates may be conservative, since chlorine in spray water may have inhibited nitrifier growth. 
Note: Only parameters that varied from the BioWin 4.1 default are shown. 
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Figure 3. Calibration MLSS 

 

 
Figure 4. Calibration effluent nitrogen 
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Figure 5. Calibration effluent alkalinity 

 
Table 11. Nitrifying Activated Sludge Model Results 

Condition Average NH3-N, mg/L Peak 24-hr NH3-N 
Maximum MLSS, 

mg/L 

Summer conditions, two aeration tanks with anoxic selector 
and IMLR 0.2 0.5 2,680 

Winter conditions, three aeration tanks with anoxic selector 
and IMLR, conservative nitrifier growth rates, DO of 3 mg/L in 
aerated zones, total SRT of 10 days 

0.9 3.4 2,390 

Winter conditions, three aeration tanks with anoxic selector 
and IMLR, conservative nitrifier growth rates, DO of 3 mg/L in 
aerated zones, total SRT of 14 days 

0.3 1.4 3,100 

Winter conditions, three aeration tanks with anoxic selector 
and IMLR, higher nitrifier growth rates (assume chlorine 
inhibition during calibration), DO of 3 mg/L in aerated zones, 
total SRT of ten days 

0.2 0.8 2,390 

 
Table 12. TMBR Model Results 

Condition 
Average secondary effluent 

NH3-N, mg/L 

Average recycled 
water NH3-N, 

mg/L 
Peak 24-hr recycled 
water NH3-N, mg/L 

Summer conditions 21 0.1 0.1 

Winter conditions 20 0.2 0.3 
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Attachment B: Supply and Demand Summary 
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1

Benicia Recycled Water 
Project:
Supply and Demand Workshop

November 2, 2015

• Review supply and demand analysis 
• Demand = Cooling Tower Makeup Water 
• Supply = City’s WWTP Effluent Flow

• Review design criteria to be carried forward:
• Recycled Water Treatment Capacity
• Conveyance System
• Recycled Water Storage

• Provide Project Updates
• Kick-off Meeting with SWRCB for funding
• Conveyance Alignment Study

Workshop Objectives

Brown and Caldwell 2
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Demand Analysis

Brown and Caldwell 3

This flow meter was 
used for demand 
analysis (Cooling 
Tower Influent)

Average Daily 
Demand of 0.12 mgd

• 5 years of daily average flow 
data July 2010 - June 2015

• Hourly flow data 
• May 10 – 16, 2015 
• October 25 – 31, 2014
• December 27 – January 2, 

2014

Cooling Tower Demands

Brown and Caldwell 4

Peak Seasonal Demands 
= May - September
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Cooling Tower Demands

Brown and Caldwell 5

Year

Flows (MGD)

Annual 
Average

Average 
Seasonal

Max. Month Max Week Max Day

2011/2012 1.7 1.7 2.0 2.1 2.2

2012/2013 1.7 1.8 2.0 2.1 2.2

2013/2014 1.7 1.9 2.0 2.1 2.3

2014/2015 1.7 1.9 1.9 2.0 2.1

Seasonal period defined as May through September

• Effluent Flow from the City’s WWTP

• July 2011 through June 2015

• Hourly Flow Data

• August 8, 2015 through September 13, 2015

• December 1 – 31, 2014

Supply Analysis

Brown and Caldwell 6
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WWTP Effluent Flow

Brown and Caldwell 7

Supply Availability (WWTP Effluent Flow)

Brown and Caldwell 8

Year

Flows (MGD)

Annual 
Avg

Seasonal
Avg.

Max. 
Month

Seasonal  
Max.

Month

Seasonal
Min. 

Month

Max. 
Week

Max. 
Day

2011/2012 2.3 2.2 2.9 2.5 2.0 3.4 4.2

2012/2013 2.2 1.9 3.3 2.2 1.9 4.3 7.4

2013/2014 2.1 1.9 2.6 2.3 1.9 3.2 4.6

2014/2015 2.0 1.8 3.6 1.9 1.7 5.4 8.4

Seasonal Period defined as May through September
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Seasonal Variations

Brown and Caldwell 9

Historical Supply vs. Demand
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Monthly Supply vs. Demand 

Brown and Caldwell 11

Seasonal Storage: 
• 3 MG (working volume May 2015) 
• 4.5 MG (working volume mid-May

to mid-June 2015)

Daily Variations

Brown and Caldwell 12
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Peak Day Demands

Brown and Caldwell 13

Storage to meet Peak 
Day Demands

Probability of Meeting Daily Demands

Brown and Caldwell 14

10 percent of the time 
there is inadequate 
supply to meet daily 
demand

Without RW Storage

Su
pp

ly
 -

D
em

an
d

Percentile
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Probability of Meeting Daily Demands 
with 0.5 MG of RW Storage 

Brown and Caldwell 15

5 percent of the time there 
is inadequate supply to 
meet daily demand

Percentile

Su
pp

ly
 -

D
em

an
d

Probability of Meeting Daily Demands 
with 1.0 MG of RW Storage 

Brown and Caldwell 16

4 percent of the time 
there is inadequate 
supply to meet daily 
demand

Su
pp

ly
 -

D
em

an
d

Percentile
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Probability of Meeting Daily Demands 
with 2.0 MG of RW Storage 

Brown and Caldwell 17

2 percent of the time 
there is inadequate 
supply to meet daily 
demand

Su
pp

ly
 -

D
em

an
d

Percentile

Probability of Meeting Daily Demands 
with 3.0 MG of RW Storage 

Brown and Caldwell 18

1 percent of the time 
there is inadequate 
supply to meet daily 
demand

Su
pp

ly
 -

D
em

an
d

Percentile
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• Recycled Water Treatment Capacity of 2.1 mgd
• Meets Max Month demand of 2.0 mgd, assuming 95% 

recovery rate

• There is adequate supply to treat 2.1 mgd

• Consider recycled water storage to meet peak day 
demands

• Increases supply during seasonal period

• Provides storage to facilitate unplanned switch overs to raw 

water

Recommendations

Brown and Caldwell 19

Diurnal Variations

Brown and Caldwell 20
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Diurnal Demand

Brown and Caldwell 21

Peaking Factor Ranges from = 0.89 – 1.24

Diurnal Supply Peaking Factor
Peaking Factor Range = 0.29 – 2.00
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Diurnal Storage

Diurnal Storage 
Requirement = 0.5 MG

Other City Demands

Brown and Caldwell 24
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• Focus on non-potable uses

• Locations
• Along conveyance alignment

• Tier 1 – directly adjacent to alignment

• Tier 2 – within 0.25 miles of alignment

• Tier 3 – within 0.5 miles of alignment

• Industrial Park

Other Demands Identified

Brown and Caldwell 25

Design Criteria Summary

Brown and Caldwell 26
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Summary of Design Criteria
Item Criterion Value

Treatment Design 
Flow

• Maximum Month 
Demand

2.1 mgd

Conveyance  System • Peak Hour 2.6 mgd
(1.15 Peaking Factor 
applied to Peak Day)

10 – 12 inch diam. 
pipeline

Diurnal Equalization • Diurnal Flow 
variations

0.5 MG

RW Storage • Additional Volume 
to Meet Peak Day 
Demands

0.5 to 1 MG



 Meeting Summary
 

Benicia Water Reuse Project 

201 North Civic Drive 

Suite 115 

Walnut Creek, CA 94596 

 

T: 925-937-9010 

F: 925-937-9026 

 

Prepared for:   City of Benicia 

Project Title: Benicia Water Reuse Feasibility Study 

Project No.: 148314 
 

Purpose of Meeting: To review supply and demand analysis  

Date:  November 2, 2015 

Meeting Location: Valero Benicia Refinery Time:  9:30 – 11:30 am 

Agenda Prepared by: Mallika Ramanathan, Brown and Caldwell 
 

Attendees: Rebecca Sgambati, Valero David Marrs, Valero 

 Emily Toffol, Valero Jill Chamberlain, BC  

 Mallika Ramanathan, BC Dan Jackson, City 

 Jeff Gregory, City Graham Wadsworth, City 

 Thomas Rybarczyk, Valero Steve Rock, Nalco 

 Nick Chekouras, Nalco 

        

Agenda 

Action items are shown in boldboldboldbold and decisions in underlined italics 

 

1. Meeting Objectives: 

a. Review of supply and demand analysis 

b. Review and reach consensus of design criteria 

c. Review next steps and project updates 

2. Supply and Demand Analysis and findings were discussed as summarized below. 

a. Demand analysis based on data from 2011 through June 2015 for meter 24F001 which is 

just for cooling towers.  Refer to slides for data overview (slides 3 – 5) 

i. Peak demands occur in May through September, with June typically being peak month.  

This period is termed seasonal. 

ii. Steve noted that cooling towers consistent run at 8 cycles and increased demands over 

the last few years is a result of additional plant demands. 

b. Supply analysis based on City WWTP effluent meter data from 2011 through June 2015; refer 

to slides 6 - 8 

i. As expected, peak supply is during wet weather and lowest during seasonal period. 

ii. An approximately 7% reduction in supply has been seen in the last few years mostly as a 

result of conservation measures. 
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iii. A new effluent meter was installed and in use starting in Jan 2012, therefore previous 

flow values are likely to be on the higher side of the actual flow. 

c. Seasonal Variations 

i. Monthly supply versus demand reviewed and shows that 14 MG of seasonal storage 

would be needed to meet demands during the May-July timeframe.    

ii. June 2014 supply versus demand data was reviewed which is representative of the supply 

shortage during the seasonal period.    

iii. Based on the data, the probability of meeting demands with various storage volumes was 

calculated (see slides 15 – 17).  The storage amounts would be in addition to any storage 

needed for diurnal purposes.    

• Without adding storage, daily demands would be met 90% of the time 

• Adding 0.5MG storage resulting in meeting demands 93% of time 

• Adding 1MG storage would also for demand to be met 97% of the time. 

• BC will look into the percent probability of meeting demand if 2MG and 3MG storage BC will look into the percent probability of meeting demand if 2MG and 3MG storage BC will look into the percent probability of meeting demand if 2MG and 3MG storage BC will look into the percent probability of meeting demand if 2MG and 3MG storage 

were included.were included.were included.were included.    

iv. BC will review BC will review BC will review BC will review data and identify flows for sdata and identify flows for sdata and identify flows for sdata and identify flows for seasonal minimal month (i.e. what easonal minimal month (i.e. what easonal minimal month (i.e. what easonal minimal month (i.e. what is the minis the minis the minis the mini-i-i-i-

mum supply available anmum supply available anmum supply available anmum supply available and corresponding demand for this period) to consider the volume d corresponding demand for this period) to consider the volume d corresponding demand for this period) to consider the volume d corresponding demand for this period) to consider the volume 

of storage that may be needed if recycled water were used to of storage that may be needed if recycled water were used to of storage that may be needed if recycled water were used to of storage that may be needed if recycled water were used to meet entiremeet entiremeet entiremeet entire    demand.demand.demand.demand.    

d. Diurnal Variations were reviewed (refer to slides 20 – 23) 

i. Demand fluctuates some in the early morning hours but is relatively consistent.  BC will BC will BC will BC will 

confirm if the 0 hour demand is 12am.confirm if the 0 hour demand is 12am.confirm if the 0 hour demand is 12am.confirm if the 0 hour demand is 12am. 

ii. Supply ranges from 0.29 to 2.0 MDG 

iii. Storage on the order of 0.5MG is recommended, assuming the equalization basis at the 

WWTP is not utilized to even out the diurnal pattern. 

e. Analysis of Other City Demands:  Other demands along the alternative alignments have been 

identified and would result in the additional demand of 0.03 to 0.05 MGD  

f. Design Criteria Summary 

i. Storage for meeting some peak days will be included in the project in addition to storage 

for diurnal purpose but will not include seasonal storage. Raw water will be used to when 

recycled water supply does not fulfill demand. 

ii. Nalco would like a 24 hour notice when water quality does not meet spec; this is the cur-

rent notification time being provided by the City’s water treatment plant when changes 

are made on the raw water source. 

iii. The Refinery will have to evaluate different scenarios to see how they would respond to off 

spec water.  The Refinery notes to look at the Corpus Christi project for operations consid-

eration when off spec water may be delivered.   

iv. If blending is required for water quality, blending should occur prior to delivery to the Re-

finery as opposed to blending at the Refinery. 

v. If raw water is required as a result to fulfill demands, the Refinery would have a treatment 

plan in place to blend the two waters. 

3. Project Updates & Next Steps 

a. Water Quality Objectives Meeting – November 9 

b. Conveyance Alignment Study 

i. Alternative Alignments were reviewed with a focus on Alternative 1 (pipe rack).   
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• Ownership and maintenance of the pipeline would need to be sorted out since Refin-

ery and City would not like a situation where the City needs to maintain a pipe within 

the Refinery property.  Additionally, if the pipeline is owned by the Refinery, it would 

not be eligible for Prop 1 funding.  BC will confirm that if the City owns, but the RefiBC will confirm that if the City owns, but the RefiBC will confirm that if the City owns, but the RefiBC will confirm that if the City owns, but the Refin-n-n-n-

ery maintains, the pipeline would still be eligible for Prop 1.ery maintains, the pipeline would still be eligible for Prop 1.ery maintains, the pipeline would still be eligible for Prop 1.ery maintains, the pipeline would still be eligible for Prop 1.  

• The likely split between ownership is at the “Y”. 

• The records on the portion of the pipe rack abandoned by Valero are contradictory 

with respect to whether they still have easement rights. 

• Records indicate the abandoned buried pipelines through the armory was filled. 

• The Refinery will confirm whether all pipes in segments D and E areThe Refinery will confirm whether all pipes in segments D and E areThe Refinery will confirm whether all pipes in segments D and E areThe Refinery will confirm whether all pipes in segments D and E are    still in use.still in use.still in use.still in use.    

• Jill will followJill will followJill will followJill will follow----up with Emily to schedule an alignment walk of the options within the up with Emily to schedule an alignment walk of the options within the up with Emily to schedule an alignment walk of the options within the up with Emily to schedule an alignment walk of the options within the 

Refinery and request specific drawing information.Refinery and request specific drawing information.Refinery and request specific drawing information.Refinery and request specific drawing information.    

c. Kick-off Meeting with SWRCB on Prop 1 Funding:  State confirmed that if project schedule is 

maintained, then there will likely still be Prop 1 funds available for the project, but any slip will 

jeopardize the likelihood of receiving funds. 
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Criterion Conveyance Considerations  Treatment Considerations  
Economics (Life Cycle Costs) • Construction cost 

• O&M costs 
• Life cycle cost (30 year)  

• Construction cost 
• O&M costs 
• Life cycle cost (30 year) 

Permitting Requirements • Number and significance of mitigation measures  
• Number and type of permits required from other Agencies 

• Number and significance of mitigation measures  
• Number and type of permits required from other Agencies 

Ease of Operations & 
Maintenance 

• Access to the entire pipe alignment  • Ease of operation and maintenance 
• Ability to maintain regulatory compliance with discharge permit, 
• Impact/ease of handling wet weather flows.  

Reliability • Reliability of delivery of recycled water to the Refinery (including seismic reliability).   • Operational history/proven technology 
 

Constructability • Level of difficulty to construct 
• Soil conditions that may limit construction methods 
• Number of utility crossings and conflicts that require coordination with utility owners 

• Level of difficulty to construct 
• Soil conditions that may limit construction methods 
• Ability to continue to operate the wastewater treatment plant during 

construction. 
• Land requirements and ability for facilities to be sited within the existing 

treatment plant site. 
Right-of-Way Acquisition 
Difficulty 

• Number of permanent and temporary construction easements  • Number of permanent and temporary construction easements 

Greenhouse Gas 
Emissions/Carbon Footprint 

• Energy requirements  
• Repurpose existing facilities to minimize new construction.  

• Energy requirements  
• Repurpose existing facilities to minimize new construction. 

Future Flexibility • Recycled water service to future customers  • Compatibility with future upgrades to meet potential nutrient upgrades.   
Aesthetics • Visibility 

• Odor 
• Noise 

• Visibility 
• Odor 
• Noise 
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Benicia Feasibility Study 
Ammonia Removal Screening – Evaluation Matrix 
The following evaluation matrix evaluates ammonia removal relative to the baseline (activated sludge).   

Criterion Alternative 1 –  
Nitrifying Activated Sludge 

Alternative 2 –  
Nitrifying Trickling Filters 

Alternative 3 –  
Biological Aerated Filters 

Alternative 4 –  
Tertiary MBR 

Alternative 5 –  
BioMag 

Permitting 
Requirements 

0 
• CEQA permitting same for all 
• Mitigation may be required for 

construction 

- 
• CEQA permitting same for all 
• Potential for more mitigation 

measures due to aesthetic issues 

- 
• CEQA permitting same for all 
• Potential for more mitigation 

measures due to aesthetic issues 

0 
• CEQA permitting same for all 
• Mitigation may be required for 

construction 

0 
• CEQA permitting same for all 
• Mitigation may be required for 

construction 
Ease of 
Operations & 
Maintenance 

0 
• O&M similar to current activated 

sludge operation. 
• Single process for ammonia 

removal 
• In reaeration/contact stabilization 

mode, nitrification will not be 
complete and raw water use may 
be necessary 

- 
• Treats recycled water flow only 
• Additional process to operate 
• New equipment to maintain 
• Simple NTF operation 
• Potential for nuisance organisms 

(flies and snails) 
• Consistent quality required in 

secondary effluent (low TSS, 
consistent ammonia) 

• Nitrification not impacted by wet 
weather flows 

- 
• Treats recycled water flow only 
• Additional process to operate 
• New equipment to maintain 
• Mechanically complex 
• Consistent quality required in 

secondary effluent (low TSS, 
consistent ammonia) 

• Nitrification not impacted by wet 
weather flows 

- 
• Treats recycled water flow only 
• Combines filtration and 

nitrification in one process 
• New equipment to maintain 
• Mechanically complex 
• Consistent quality required in 

secondary effluent (consistent 
ammonia) 

• Nitrification not impacted by wet 
weather flows 

+ 
• Additional equipment required 

(magnetite recovery, mixing) 
• Can operate in complete 

nitrification mode without new 
clarifiers 

• May be possible to treat all peak 
flows through existing tanks 
(abandon RBCs) 

Reliability 0 
• Familiar and proven process 
• Wet weather flow handling similar 

to current operation (RBC). 
• In reaeration/contact stabilization 

mode, nitrification will not be 
complete 

• With 3 aeration basins, one tank 
can be taken offline for 
maintenance 

0 
• Proven technology 
• Wet weather flow handling similar 

to current operation (RBC) 
• Nitrification not impacted by wet 

weather flows 
• If one NTF is offline, full recycled 

water flow cannot be produced 

0 
• Proven technology 
• Wet weather flow handling similar to 

current operation (RBC) 
• Nitrification not impacted by wet 

weather flows 
• Media provides consistent TSS 

removal 
• If one BAF is offline, full recycled 

water flow cannot be produced 

0 
• Secondary MBRs are a proven 

technology, but tertiary MBRs are 
emerging 

• Wet weather flow handling similar 
to current operation (RBC) 

• Nitrification not impacted by wet 
weather flows 

 

- 
• Emerging technology – no west 

coast installations 
• May be possible to treat all peak 

flows through existing tanks 
(abandon RBC) 

• Nitrification not impacted by wet 
weather flows 

• With only two aeration basins, 
taking a tank offline for 
maintenance will be challenging 

Constructability 0 
• Requires demolition of two RBC 

units (more complex construction)  
• Requires construction of new basin 

adjacent to online system 
• Construction on piles 
• Requires modifications to existing 

tanks 

0 
• Requires excavation and 

construction 
• Construction on piles  
• Minimal interference with 

operating processes 
• Large footprint 

0 
• Requires excavation and construction 
• Construction on piles  
• Minimal interference with operating 

processes 

+ 
• Minimizes construction (filtration 

and nitrification combined) 
• No new tanks required (retrofit of 

RBC clarifiers) 
• Limited interference with 

operating processes  

0 
• Construction may require 

operation with one aeration basin, 
which will be challenging  
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Criterion Alternative 1 –  
Nitrifying Activated Sludge 

Alternative 2 –  
Nitrifying Trickling Filters 

Alternative 3 –  
Biological Aerated Filters 

Alternative 4 –  
Tertiary MBR 

Alternative 5 –  
BioMag 

Right-of-Way 
Acquisition 
Difficulty 

0 
• No new land needed - facility fits 

on site 

0 
• No new land needed - facility fits 

on site 

0 
• No new land needed - facility fits on 

site 

0 
• No new land needed - facility fits 

on site 

0 
• No new land needed - facility fits 

on site 
Greenhouse Gas 
Emissions/Carbon 
Footprint 

0 
• Emissions largely from aeration 

and pumping energy 
• Partial or complete denitrification 

will reduce alkalinity chemical 
addition and aeration demand 

+ 
• Relatively low power requirements 
• Emissions largely embedded in 

pumping energy 
• Higher alkalinity demand (no 

denitrification) 

- 
• Higher energy requirements than NTF 
• Emissions largely from aeration and 

pumping energy 
• Higher alkalinity demand (no 

denitrification) 

- 
• High energy use for aeration and 

membranes 
• Higher alkalinity demand (no 

denitrification) 

- 
• Emissions largely from aeration 

and pumping energy 
• More energy than activated 

sludge to keep magnetite 
suspended 

• Partial or complete denitrification 
will reduce alkalinity chemical 
addition and aeration demand 

Future Flexibility 0 
• Process can be configured to 

remove nitrogen and meet 
anticipated future nitrogen limits. 

• Potential to eliminate RBC train 
with additional clarifier 

- 
• Process cannot easily be configured 

to meet anticipated future nitrogen 
limits 

• Additional NTFs and a new 
denitrification process with 
methanol addition would be 
needed 

- 
• Process cannot easily be configured to 

meet anticipated future nitrogen 
limits 

• Additional BAFs and a new 
denitrification process with methanol 
addition would be needed 

- 
• Process does not remove 

nitrogen. 
• Modification of activated sludge 

would be necessary to meet 
future nitrogen limits 

• Membranes would continue as 
tertiary filters 

+ 
• Process can be configured to 

remove nitrogen and meet 
anticipated future nitrogen limits 

• Potential to eliminate RBC train 
without major construction 

Aesthetics 0 
• Low impact - similar to existing 

process 

- 
• Visibility issues due to tower height 
• Potential for filter flies 

- 
• Visibility issues due to media depth 

0 
• Low impact - facility located in 

existing tanks 

0 
• Low impact - similar to existing 

process 

Economics 
(Construction Costs) 
 

$7.1 M 
• New aeration basin 
• New blowers 
• Reconfigure baffles and diffusers 

in existing aeration basins 
• Mixed liquor recycle pumps and 

mixers for all basins 
• New RAS pumps 
• Alkalinity storage and metering 
• Alum storage and metering 
• Odor control for new aeration 

basin 

$9.8M 
• Two new NTFs 
• Wet well and NTF feed pump 

station 
• Alkalinity storage and metering 
• Cover equalization and odor 

control for primary effluent 
equalization 

• Alum storage and metering 

$14.3M 
• New BAFs and equipment 
• Wet well and pump station 
• Alkalinity storage and metering 
• Cover equalization and odor control 

for primary effluent equalization 
• Alum storage and metering 

$8.2M 
• Retrofit and reconfigure 2 RBC 

clarifiers 
• New walls for membrane tank 
• New membrane filters and 

equipment 
• Chemical cleaning equipment 
• New RAS and WAS pumps 
• New blowers and diffusers 
• Pumping from secondary effluent 

to TMBR 
• Alkalinity and Alum storage and 

metering 
• Cover EQ basins and provide  odor 

control  

$5.9M 
• Magnetite handling equipment 
• New blowers 
• Reconfigure baffles and diffusers 

in existing aeration basins 
• Mixed liquor recycle pumps and 

mixers for aeration basins 
• Alkalinity storage and metering 
• Alum storage and metering 
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Benicia Feasibility Study 
Filtration Screening – Evaluation Matrix 
The following evaluation matrix evaluates the filtration alternatives to the baseline condition (GMF).  

Criterion Alternative 1 – Granular Media Filtration Alternative 2 – Cloth Filtration Alternative 3 – Ultrafiltration 
Permitting Requirements 0 

• Permit needed from Division of Drinking Water (DDW) 
• DDW-approved technology 
• No expected impact to CEQA 

0 
• Permit needed from DDW 
• DDW-approved technology 
• No expected impact to CEQA 

0 
• Permit needed from DDW 
• DDW-approved technology 
• No expected impact to CEQA 

Ease of Operations & 
Maintenance 

0 
• Typical O&M practice for City; similar to operation of drinking 

water GMF 
• Less mechanical system 

0 
• Pretreatment may be needed 
• Largely automated operation  
• Self-backwashing 
• Periodic removal of solids is required 

- 
• Pretreatment likely needed 
• Largely automated operation 
• Periodically requires cleaning in place 
• More mechanical parts 

Reliability 0 
• Well established, proven technology 

0 
• Well established, proven technology 

0 
• Well-established, proven technology 

Constructability 0 
• Requires construction of large concrete structure 
• Specialty foundation required  

0 
• Requires construction of concrete tanks – cloth media could 

be installed in pre-fabricated steel tanks 
• Specialty foundation required 

0 
• Requires construction of a concrete pad/tank and 

building or canopy for pressure vessel units. 
• Specialty foundation required 

Right-of-Way Acquisition 
Difficulty 

0 
• N/A – adequate land for facilities 

+ 
• N/A – adequate land for facilities; smaller footprint 

+ 
• N/A – adequate land for facilities; smaller footprint 

Greenhouse Gas 
Emissions/  
Carbon Footprint 

0 
• Emissions primarily due to electrical requirements for filter 

feed pumps 
• Potential chemical addition for pretreatment/filter aid 

0 
• Emissions primarily due to electrical requirements for 

filter feed pumps 
• Potential chemical addition for pretreatment/filter aid 

- 
• Emissions primarily due to electrical requirements 

for filter feed and filtrate pumps 
• Chemicals for membrane cleaning 

Future Flexibility 0 
• Potential to increase capacity without increasing system size 

through negotiating higher loading rate with DDW 
 

- 
• Fixed peak filter loading rate by DDW (6 gpm/sf) 
• Additional filter cells needed for additional capacity 

 

0 
• Easy to add in membrane cartridge skids in a modular 

fashion. 
• Provides pretreatment for RO (if needed) 

Aesthetics 0 
• Low impact - facility will be located on existing site  

0 
• Low impact - facility will be located on existing site 

0 
• Low impact - facility will be located on existing site 

Economics (Construction 
Costs) 

$3.5M 
• New 2 to 3 cell anthracite/sand filters adjacent to the chlorine 

contact basin 
• Influent and effluent appurtenances 
• Pumps, I&C 
• Backwashing facilities 
• Flocculation tanks (for phosphorus removal) 

$2.8M 
• New 3-vessel cloth filter installation with 8 discs each in 

concrete vessels the chlorine contact basin 
• Pumps, I&C 
• Influent and effluent piping 
• Backwashing facilities 
• Flocculation tanks (for phosphorus removal) 

$5.4 M 
• New pressure vessel configuration 
• Pumps, I&C 
• Flocculation tanks 
• Influent and effluent piping 
• CIP facilities 
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Disinfection Screening – Evaluation Matrix 
The following evaluation matrix evaluates the disinfection alternatives to the baseline condition (chlorination).  

Criterion Alternative 1 – Chlorination Alternative 2 – Closed-Vessel UV 
Disinfection 

Alternative 3 – Open-Channel 
UV Disinfection 

Alternative 4 – Pasteurization Alternative 5 – Peracetic Acid 

Permitting 
Requirements 

0 
• Permit needed from DDW 
• Free chlorine disinfection requires 

additional effort with DDW for 
approval of CT reduction 

• Requires a tracer test to verify CT 

0 
• Permit needed from DDW 
• DDW-approved technology 
• Will require a commissioning 

bioassay to confirm performance 

0 
• Permit needed from DDW 
• DDW-approved technology 
• Will require a commissioning 

bioassay to confirm performance 

- 
• Permit needed from DDW 
• DDW-approved technology 
• Will require a commissioning 

bioassay to confirm performance 

-- 
• Permit needed from DDW & 

RWQCB 
• Not DDW-approved technology 
• Would require laboratory data 

and a commissioning bioassay to 
confirm performance 

Ease of 
Operations & 
Maintenance 

0 
• Operation similar to current 

practice. 
 

- 
• Largely automated operation 
• Monitor one location  
• Modular design so parallel trains 

can be taken off-line at low flow  
• Routine lamp replacement and 

quartz sleeve cleaning 

- 
• Largely automated operation. 
• Monitor one location 
• Routine lamp replacement and 

quartz sleeve cleaning 
• Single-channel design reduces 

operational flexibility 

- 
• Largely automated operation 
• More equipment to maintain 

- 
• Simple chemical dosing –similar to 

existing 
• More intensive monitoring for 

new technology 
• Frequent chemical deliveries due 

to PAA solution limitations 

Reliability 0 
• Reliable, proven technology 
• Ability to increase chemical dose (if 

needed)  

0 
• Reliable, proven technology 
• Dose limited to lamps online 

0 
• Reliable, proven technology 
• Dose limited to lamps online 

-- 
• Emerging technology with limited 

installations 

-- 
• Emerging technology with limited 

installations 

Constructability 0 
• Requires retrofit of existing RBC 

basins with baffling and upgrade of 
chemical metering systems. 

• On-line ammonia monitoring 
needed 

0 
• Requires new structure (pile 

foundation) 
• Separate disinfection system from 

outfall discharge 

0 
• Requires new concrete tank (with 

pile foundation) 
• Separate disinfection system from 

outfall discharge 
 

- 
• Requires new structure (pile 

foundation) 
• Separate disinfection system from 

outfall discharge 

0 
• Requires retrofit of existing RBC 

basins with baffling and upgrade 
of chemical metering systems 

Right-of-Way 
Acquisition 
Difficulty 

0 
• No new land needed for 

disinfection (convert RBC SC) 

0 
• Requires new land  

0 
• Requires new land (larger 

footprint than closed vessel) 

0 
• New land (larger footprint)  

0 
• No new tanks  
• New land for storage and metering 

facility 
Greenhouse Gas 
Emissions/Carbon 
Footprint 

0 
• Requires chemical use 

- 
• Higher energy consumption at the 

plant 
• Minimizes chemical use  

- 
• Higher energy consumption at the 

plant 
• Minimizes chemical use  

- 
• Potential to use excess digester 

gas/heat for disinfection to reduce 
energy requirements 

• Minimizes chemical use 

0 
• Requires chemical use 

Future Flexibility 0 
• Potential to decrease CT 

requirements  

0 
• Space in the channel to add units if 

a higher dose/flow rate is needed 
in the future 

0 
• Space in the channel to add units 

if a higher dose/flow rate is 
needed in the future  

0 
• Additional trains can be added to 

increase treatment capacity 

0 
• Potential to increase CT without 

increasing footprint 
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Criterion Alternative 1 – Chlorination Alternative 2 – Closed-Vessel UV 
Disinfection 

Alternative 3 – Open-Channel 
UV Disinfection 

Alternative 4 – Pasteurization Alternative 5 – Peracetic Acid 

Aesthetics 0 
• Low impact  

0 
• Low impact  

0 
• Low impact  

0 
• Low impact  

0 
• Low impact 

Economics 
(Construction 
Costs) 

$1.0M 
• Upgrade of chemical dosing system 
• Baffling & influent and effluent 

appurtenances in former RBC tanks 
• Pumps, I&C 

$3.3M 
• New closed-channel UV system 

adjacent to existing chlorine 
contactors  

• Concrete slab w/parallel reactors, 
ballasts, I&C 

$2.8M 
• New open-channel UV system 

adjacent to existing chlorine 
contactor  

• Concrete basin, w/ballasts, I&C 

$6.5M 
• New pasteurization system 

adjacent to existing chlorine 
contactors  

• Concrete basin, w/natural gas 
generator and I&C 

$1.2M 
• Addition of new chemical dosing 

system 
• Baffling & influent and effluent 

appurtenances in former RBC 
tanks 

• Pumps, I&C 
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EXECUTIVE SUMMARY
Thank you for your interest in Evoqua Water Technologies’ new MEMCOR® MemPulse MBR system.  Our MBR
technology uses the latest advances in filtration and biological treatment in a combination specifically designed to
create highly efficient aeration in conjunction with effective nutrient control with the absolute barrier of membrane
filtration. The MEMCOR MBR has several key advantages over both conventional treatment processes and other
MBR membrane systems.

MemPulse™ Air Scour System

· The MemPulse air scour device reduces the amount of air required to scour the membranes significantly.

· With a simple device with no moving parts used to irregularly release pulses of air, operation and
maintenance costs for the MemPulse system are significantly lower than other systems.

Small Footprint

· Evoqua unique rack arrangement and the elevated operating mixed liquor suspended solids
concentrations, of MBR systems, allow for greatly reduce overall space requirement.

· The modular nature of the membrane modules enables the tanks to be configured in the space available.

· Due to the elevated mixed liquor suspended solids up to 10,000mg/L, the biological volume required is
greater decreases, up to 70%, compared to secondary clarification.

Independent isolatable membrane tanks

Advanced Process

· The Title 22 approved membranes enable effluent from the Memcor
membranes to meet the most demanding effluent requirements and can
be designed to meet stringent permit requirements or beneficial reuse
such as urban irrigation, cooling tower make water or indirect reuse.

· Evoqua can provide a process warranty for the entire treatment process,
ensuring compatibility between the biological process and membrane
filtration system, and providing a single source of responsibility for any
issues with the system.

Minimizing Maintenance Requirements

· MemPulse™ provides uniform distribution of mixed liquor and air across
the entire membrane tank ensuring a consistent mixed liquor
environment for each sub-module preventing preferential fouling of
membranes.
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· Separate membrane tanks adjacent to the biological tanks provides the ability to independently control the
membrane environment and biological process operations, allowing flexibility in operation.

Remote Monitoring

· Remote monitoring capability allows for real time analysis of critical system parameters to help
troubleshoot and support local service people.

· Remote monitoring data logging system allows Evoqua process engineers to analyze system
performance and optimize the system configuration for your specific application.

Service Capabilities
Evoqua combines our in-depth system knowledge with our extensive company owned service organization to
provide you with qualified local personnel that can manage the preventive and on-going service needs of the
proposed MBR system. Our service programs are individually designed to meet the needs of each customer
situation. Our service programs can be designed to provide any of the following services:

· Remote data analysis with actionable summary reports
· Completion of on-site membrane clean-in-place procedures
· Treatment system audits and membrane fiber analysis
· Completion of preventive maintenance and parts replacement

We would like to thank you again for your interest in Evoqua’s line of MEMCOR Products. We believe that every
MEMCOR product comes with more than just equipment – it includes the expansive knowledge of MEMCOR’s
dedicated team of membrane scientists, engineers, and technicians who stand behind every installation.  We are
eager to share this expertise with those responsible for providing the world with clean, consistent, and high-quality
water.
Should you have any questions regarding this quotation, or would like to request any additional information please
contact us the Technical Sales Manager or the Evoqua Regional Representative listed below.

Evoqua Water Technologies LLC:

John Kutilek
Technical Sales Manager, MEMCOR Products
Technical Sales Manager
Telephone: 619-887-1674
Facsimile: 978-323-0854
John.Kutilek@evoqua.com

Local Representative:

David Ban
MISCO
5976 W. Las Positas Blvd. #226
Pleasanton, CA  94588
Telephone: (925) 225-1900
DBan@miscowater.com

mailto:DBan@miscowater.com
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1 PROJECT OVERVIEW
The following table summarizes the contents of this quotation:

MEMCOR® Model: 2 x 144B40N
2 x 144 B40N Modules Filtrate and Air Headers

Filtrate Pumping System RAS Pumping System

Clean-in-Place (CIP) System Membrane System Blowers

Chemical Transfer System Custom Tool Package

Compressed Air System
Manufacturing Services (Commissioning and
Training)

O&M Manuals Warranties

Budgetary Proposal Price: USD $1,130,000

Please note that the pricing above does not include insurance, bonds, or any applicable taxes.

The scope of supply and pricing are based on Evoqua’s standard equipment selection, standard terms of sale and warranty
terms as described herein.  Any variations from these standards may affect this budgetary quotation.  Additionally, please note
that this budgetary quotation is for review and informational purposes only and does not constitute an offer for acceptance.

Payment Terms: 10% on Order, net 30

15% on Engineering Submittals, staged submittals allowed, net 30

25% on Order of major rotating equipment, net 30

45% on Delivery, partial deliveries accepted, net 30

5% on Start-up, net 30

Full payment not to exceed 120 days after shipment

Equipment Delivery: Estimated 26 weeks after receipt of full information and approved drawings when required.

Shipments: Three (3) sets of submittal drawings, if required, will be issued approximately 12 weeks after receipt
and approval of purchase order.

Submittals: Three (3) sets of submittal drawings, if required, will be issued approximately 12 weeks after receipt
and approval of purchase order.
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2 DESIGN INFORMATION
The proposed MBR system is sized to provide consistent filtrate quality based upon the hydraulic and feed water
characteristics specified below.

2.1 Influent flows

Hydraulic Conditions Value Units
Average Daily Flow 2.0 MGD
Minimum Daily Flow Not Specified
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3 DESIGN BASIS
The Membrane Operating System (MOS) has been designed around the following parameters.

3.1 System Design Basis

Design Parameter Value
Membrane Pre-Screening < 1.5 mm perforated

System designed to prevent screen bypass under all conditions
Grit Removal > 95 % of particles > 150 micron @ SG = 2.0

> 95 % of particles 100 micron, @ SG = 2.6
> 50 % of particles 100-150 micron @ SG = 2.6
Removal efficiency shall meet or exceed these values across a
flow range of 25 - 100 % of PHF.
System designed to prevent Grit removal bypass under all
conditions

Raw Sewage >90% Municipal
ML Capillary Suction Time (CST) < 50 seconds
Raw Sewage:
Fats, Oils and Greases (FOG)
Hydrocarbons

< 80 mg/L
< 5 mg/L

MLSS Temperature Range 10 – 25° C
Site Elevation ~50 ft above MSL
Effluent Soluble BOD5 < 5 mg/L
Effluent Ammonia < 1 mg/L
Coagulant Addition Aluminum Sulfate  ≤ 50 mg/L
Biological  Mixed Liquor Suspended
Solids (MLSS)

~1700 mg/L

Biological Seed Screening Through membrane pre-screen or temporary screen of
< 1 mm perforated plate or 0.75 mm mesh

Filtrate Pump and Pipework Design > 9.5 PSI TMP
Bioreactor Foam / Scum Removal Required

Foam / scum removal to be carried out to control coverage to <
30 % of surface area

Bioreactor Waste Streams WAS and grit dewatering system/s to achieve 95 % removal of >
50 um particles. Scum / Foam to be discharged to WAS
dewatering system.
Supernatant returned to the headworks prior to grit removal

CIP Waste Disposal Return to influent balance tank
Notes

(1) Any additional requirement for neutralization to be decided during detailed design.

(2) If the wastewater alkalinity is less than the Table value, supplemental alkalinity may be required to ensure the
pH does not inhibit bacterium growth.

(3) Inhibitory Matter and Heavy Metals must be less than the threshold limits (or within any ranges specified), as
defined on page 227 of WPCF Manual of Practice No. 8, 1977 Edition (See Appendix II) The wastewater shall
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also be free of any substance toxic or inhibitory to the biological treatment process as determined by treatability
tests using Method 302B; OECD Guideline for Testing of Chemicals, Adopted 17 July 1992 or International
Organization of Standardization, Evaluation of the Ultimate Aerobic Biodegradability of Organic Compounds,
ISO/DIS 7827, IOS, Washington, D.C, 1983.

3.2 Membrane Operating System Design
This section outlines the design basis for the MemPulse™ membrane system.

Design Criteria Value Units
Module Type B40N + MemPulse™
Modules per Rack 16
Weight of Wet Rack Assembly1 1250 lb
Weight of Fouled Rack Assembly1 1800 lb
Total Number of Membrane Tanks 2
Number of Racks per Tank (installed) 9
Spare Racks Slots per Tank 2
No. of modules installed per Tank 144
Membrane Area per Tank 58,280 ft2
Tank Length 13.5 ft
Tank Width 14.0 ft
Tank Depth (top of concrete) 10.4 ft
Tank Weir Depth 8.3 ft

1 Weight provided includes weight of spreader bar.

3.1

3.1.1 Membrane System Operation

Design Fluxes
Value Units

Flow Condition 2 MGD
No. of Membrane Tanks in Operation 2 —
No. of membrane Tanks in Standby 0 —
Net Flux 17.2 gfd
Net Flux (temperature-corrected) 19.5 gfd
Instantaneous Flux 18.8 gfd
Instantaneous Flux (temperature-corrected) 21.4 gfd

Mixed Liquor Feed Flow Requirements MBR
Value Units

Max MLSS Concentration in the Membrane Tank 2,550 mg/L
Total Mixed Liquor Feed Flow Required 4,167 gpm



         Private & Confidential

City of Benicia WWTP                 9 October 16, 2015

Air Scour Requirements
Avg. Air Flow per Tank 422 ACFM Avg. Discharge Pressure 4.6 psig

The following table summarizes the maintenance procedures to ensure optimal performance of the MemPulse™
membrane system at average dry weather flow (ADWF).

Parameter Relaxation Maintenance
Clean

Sodium
Hypochlorite CIP

Citric Acid /
Sulfuric Acid CIP

Interval Between Cycle 12 min 7 days 90 days 180 days
Cleaning Cycle Duration 60 sec 50 min 480 min 480 min

3.1.2 Filtered Water Specification

The equipment offered will provide the following “Filtered Water” quality:

Parameter Units Quality (90 % ile)1 Quality (Maximum)1

Suspended Solids mg/L ≤ 5 N/S
Turbidity NTU ≤ 0.2 0.5
Bacteria2 Log Removal ≥ 4 N/A
Virus2 Log Removal ≥ 2.0 N/A

1. Sufficient samples to be taken such that two or more non-conforming results are required to demonstrate non-
conformance.

2. As measured by filtrate turbidity.

Please find the MemPulse™ Membrane Bioreactor (MBR) System brochure and MEMCOR® B40N Membrane
Filtration Module Specification sheet attached with this proposal.
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4 MBR SCOPE OF SUPPLY
The following equipment and pricing is consistent with the RFI based design. A percentage deduction from this
price is provided if a standard design is adopted.

Membrane Operating System Equipment

Qty. Description
288 B40N membrane submodules fabricated of oxidant-resistant polyvinylidene fluoride (PVDF)

membrane material.
288 MemPulse™ devices.
18 Rack assembly (16 module capacity) consisting of header assemblies, guide racks, mixing

skirt, and air dropper tube.
1 Lot Stainless Steel Cell kit for mounting racks.
2 Centrifugal filtrate suction pump controlled by Variable Frequency Drive.  Two (2) duty.
2 Centrifugal mixed liquor RAS pump designed to return the mixed liquor from the membrane

tanks.  Two (2) duty.
2 Positive displacement membrane air scour blower designed to meet average and peak air flow

requirements. One (1) duty and One (1) stand-by.
1 lot Instrumentation integral to monitor and control the membrane system including level

transmitters, level switches, flow meters, pressure transmitters, and pressure gauges.
2 Turbidimeter to measure the turbidity of the filtrate from each membrane tank.
1 lot Valves required for equipment isolation and control of the membrane system including manual

and automated valves with pneumatic actuators, check valves, and solenoid valves.
2 Filtrate air release systems.
1 Compressed air system to operate Evoqua supplied valves and leak testing with one air

receiver and lead/lag rotary screw compressors.

CIP Chemical Dosing System Equipment

Qty. Description
1 Sodium hypochlorite dosing system skid. Includes Two (2) dosing pumps and valves and

instruments necessary for proper operation and calibration.
1 Citric acid dosing system skid. Includes One (1) dosing pump and valves and instruments

necessary for proper operation and calibration.
1 Sulfuric acid dosing system skid. Includes One (1) dosing pump and valves and instruments

necessary for proper operation and calibration.
1 lot All valves and instruments necessary to monitor and control the CIP process, including:

pneumatic valves, chemical injection quills, turbidimeter, pH probe analyzer, etc.
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MBR Control System Equipment

Qty. Description
1 Allen Bradley Compact Logix PLC.
1 Siemens touch screen Human Machine Interface (HMI) with compact flash data storage card.
1 Master Control Panel (MCP).
4 Slave Control Panels for O/I.
1 Remote monitoring system (i.e. Memlog). Includes modem, software, and hardware.
1 lot Digital and Analog I/O (Input/Output) modules.

Field Service

An Evoqua Water Technologies Field Service Technician will be on site to supervise the installation, commissioning
and start-up of the proposed MBR system and train operators.
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General Items Not Included

General Items not Included
· Compliance permitting and approval (Federal, State and/or local).
· Detail shop fabrication drawings.
· Electrical, hydraulic, or pneumatic controls unless specifically noted.
· Engineering and supervision of all equipment and labor for civil works.
· Laboratory, shop, or field testing other than supervision of start-up testing.
· Taxes, bonds, fees, permits, lien waivers, licenses, etc.
· Tools or spare parts.
· Unloading of equipment and protected storage of equipment at jobsite.
· Utilities connections.

· Site amenities including high speed internet access
· Overall system commissioning management and supporting tradesman labor (e.g. electricians)
· Commissioning consumables
· Plant Building (membrane equipment requires protection from direct sunlight, rainfall and sub-zero

temperatures)
· Earthworks, civil works, foundations, drainage, buried piping etc.
· Project specific drawings and documentation except as listed
· Installation of equipment
· Chemicals
· Safety showers and other personal protection equipment

Civil Works and Mechanical Items Not Included

Civil Works and Mechanical Items not Included
· Adhesives, adhesive dispensers, grout, mastic & anti-seize compounds.
· Anchor bolts and/or expansion anchors unless otherwise noted.
· Base slabs, equipment mounting pads, or shims.
· Concrete work of any sort, grout, mastic, sealing compounds, shims.
· Demolition, removal, or transfer of anything that is existing.
· Engineering, permitting, and surveying.
· Headworks Equipment (Grit removal and fine screen)
· Mixed liquor re-screening
· Biological system c/w ancillary equipment
· Effluent disinfection
· Disposal system for rinse and CIP waste
· Filtered water conditioning (if required) and storage
· Waste activated sludge (WAS) equipment or solids handling system.
· Equipment lifting hoists, cranes, or other lifting devices.
· Field surface preparation and/or painting.
· Floor grating, stairways, ladders, platforms, handrailing unless noted.
· Installation of equipment.
· Interconnecting materials external to enclosures such as cable, pressure taps, tubing, etc.
· Labor for field testing.
· Lubricants, grease piping, grease guns.
· Modifications to existing equipment or structures.



         Private & Confidential

City of Benicia WWTP                 13 October 16, 2015

Civil Works and Mechanical Items not Included
· Access platforms
· Pipe supports and hangers for piping.
· Piping, pumps, valves, wall sleeves, gates, drains, weirs, baffles not mentioned.
· Plumbing associated with waste disposal, floor drains, and/or emergency and safety wash stations.
· PVC solvent weld materials.

Electrical Items Not Included

Electrical Items not Included
· Conduit or wiring in the field.
· Cable trays, fittings, and supports.
· Influent instrumentation including, but not limited to flowmeters, pH analyzers, temperature transmitters

and/or pressure transducers.
· Instrumentation required for post treatment monitoring.
· Power to Evoqua supplied equipment.
· Motor control centers.
· Plant lighting.
· Supply and installation of building power, lighting, main service disconnects and control panels.
· Supply, installation and control of a remote telemetry system (SCADA) to monitor and control the

operation of the system and overall plant operation other than offered.
· Underwriters Laboratory inspection of electrical controls.
· Variable frequency drives unless specifically noted.

Other Items Not Included

Other Items not Included
· Conduit or wiring in the field.
· Cable trays, fittings, and supports.
· Influent instrumentation including, but not limited to flowmeters, pH analyzers, temperature transmitters

and/or pressure transducers.
· Instrumentation required for post treatment monitoring.
· Power to Siemens supplied equipment.
· Motor control centers.
· Plant lighting.
· Supply and installation of building power, lighting, main service disconnects and control panels.
· Supply, installation and control of a remote telemetry system (SCADA) to monitor and control the

operation of the system and overall plant operation other than offered.
· Underwriters Laboratory inspection of electrical controls.
· Variable frequency drives unless specifically noted.
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5 EVOQUA WATER TECHNOLOGIES LLC – STANDARD TERMS OF SALE
1. Applicable Terms.  These terms govern the purchase and sale of equipment, products, related services, leased
products, and media goods if any (collectively herein "Work"), referred to in Seller’s proposal ("Seller’s Documentation").
Whether these terms are included in an offer or an acceptance by Seller, such offer or acceptance is expressly conditioned on
Buyer’s assent to these terms. Seller rejects all additional or different terms in any of Buyer’s forms or documents.

2. Payment.  Buyer shall pay Seller the full purchase price as set forth in Seller’s Documentation.  Unless Seller’s
Documentation specifically provides otherwise, freight, storage, insurance and all taxes, levies, duties, tariffs, permits or license
fees  or other governmental charges relating to the Work or any incremental increases thereto shall be paid by Buyer.  If Seller
is required to pay any such charges, Buyer shall immediately reimburse Seller.  If Buyer claims a tax or other exemption or direct
payment permit, it shall provide Seller with a valid exemption certificate or permit and indemnify, defend and hold Seller harmless
from any taxes, costs and penalties arising out of same.  All payments are due within 30 days after receipt of invoice.  Buyer
shall be charged the lower of 1 ½% interest per month or the maximum legal rate on all amounts not received by the due date
and shall pay all of Seller’s reasonable costs (including attorneys’ fees) of collecting amounts due but unpaid.  All orders are
subject to credit approval by Seller. Back charges without Seller’s prior written approval shall not be accepted.

3. Delivery.  Delivery of the Work shall be in material compliance with the schedule in Seller’s Documentation.  Unless
Seller’s Documentation provides otherwise, delivery terms are ExWorks Seller’s factory (Incoterms 2010). Title to all Work shall
pass upon receipt of payment for the Work under the respective invoice.  Unless otherwise agreed to in writing by Seller, shipping
dates are approximate only and Seller shall not be liable for any loss or expense (consequential or otherwise) incurred by Buyer
or Buyer’s customer if Seller fails to meet the specified delivery schedule.

4. Ownership of Materials and Licenses.  All devices, designs (including drawings, plans and specifications), estimates,
prices, notes, electronic data, software and other documents or information prepared or disclosed by Seller, and all related
intellectual property rights, shall remain Seller’s property.  Seller grants Buyer a non-exclusive, non-transferable license to use
any such material solely for Buyer’s use of the Work.  Buyer shall not disclose any such material to third parties without Seller’s
prior written consent.  Buyer grants Seller a non-exclusive, non-transferable license to use Buyer’s name and logo for marketing
purposes, including but not limited to, press releases, marketing and promotional materials, and web site content.

5. Changes.  Neither party shall implement any changes in the scope of Work described in Seller’s Documentation without
a mutually agreed upon change order.  Any change to the scope of the Work, delivery schedule for the Work, any Force Majeure
Event, any law, rule, regulation, order, code, standard or requirement which requires any change hereunder shall entitle Seller
to an equitable adjustment in the price and time of performance.

6. Force Majeure Event. Neither Buyer nor Seller shall have any liability for any breach or delay (except for breach of
payment obligations) caused by a Force Majeure Event.  If a Force Majeure Event exceeds six (6) months in duration, the Seller
shall have the right to terminate the Agreement without liability, upon fifteen (15) days written notice to Buyer, and shall be
entitled to payment for work performed prior to the date of termination.  “Force Majeure Event” shall mean events or
circumstances that are beyond the affected party’s control and could not reasonably have been easily avoided or overcome by
the affected party and are not substantially attributable to the other party.  Force Majeure Event may include, but is not limited
to, the following circumstances or events:  war, act of foreign enemies, terrorism, riot, strike, or lockout by persons other than by
Seller or its sub-suppliers, natural catastrophes or (with respect to on-site work), unusual weather conditions.

7. Warranty.  Subject to the following sentence, Seller warrants to Buyer that the (i) Work shall materially conform to the
description in Seller’s Documentation and shall be free from defects in material and workmanship and (ii) the Services shall be
performed in a timely and workmanlike manner.  Determination of suitability of treated water for any use by Buyer shall be the
sole and exclusive responsibility of Buyer. The foregoing warranty shall not apply to any Work that is specified or otherwise
demanded by Buyer and is not manufactured or selected by Seller, as to which (i) Seller hereby assigns to Buyer, to the extent
assignable, any warranties made to Seller and (ii) Seller shall have no other liability to Buyer under warranty, tort or any other
legal theory. The Seller warrants the Work, or any components thereof, through the earlier of (i) eighteen (18) months from
delivery of the Work or (ii) twelve (12) months from initial operation of the Work or ninety (90) days from the performance of
services (the “Warranty Period”).   If Buyer gives Seller prompt written notice of breach of this warranty within the Warranty
Period, Seller shall, at its sole option and as Buyer’s sole and exclusive remedy, repair or replace the subject parts, re-perform
the Service or refund the purchase price.  Unless otherwise agreed to in writing by Seller, (i) Buyer shall be responsible for any
labor required to gain access to the Work so that Seller can assess the available remedies and (ii) Buyer shall be responsible
for all costs of installation of repaired or replaced Work. If Seller determines that any claimed breach is not, in fact, covered by
this warranty, Buyer shall pay Seller its then customary charges for any repair or replacement made by Seller.  Seller’s warranty
is conditioned on Buyer’s (a) operating and maintaining the Work in accordance with Seller’s instructions, (b) not making any
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unauthorized repairs or alterations, and (c) not being in default of any payment obligation to Seller.  Seller’s warranty does not
cover (i) damage caused by chemical action or abrasive material, misuse or improper installation (unless installed by Seller) and
(ii) media goods (such as, but not limited to, resin, membranes, or granular activated carbon media) once media goods are
installed. THE WARRANTIES SET FORTH IN THIS SECTION 7 AND THE WARRANTY SET FOR IN THE “EXTENDED LOW
PRESSURE MEMBRANE MODULE WARRANTY” SECTION OF EVOQUA’S PROPOSAL ARE THE SELLER’S SOLE AND
EXCLUSIVE WARRANTIES AND ARE SUBJECT TO THE LIMITATION OF LIABILITY PROVISION BELOW.  SELLER MAKES
NO OTHER WARRANTIES OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION, ANY WARRANTY
OF MERCHANTABILITY OR FITNESS FOR PURPOSE.

8. Indemnity.  Seller shall indemnify, defend and hold Buyer harmless from any claim, cause of action or liability incurred
by Buyer as a result of third party claims for personal injury, death or damage to tangible property, to the extent caused by
Seller's negligence.  Seller shall have the sole authority to direct the defense of and settle any indemnified claim. Seller’s
indemnification is conditioned on Buyer (a) promptly, within the Warranty Period, notifying Seller of any claim, and (b) providing
reasonable cooperation in the defense of any claim.

9. Assignment.  Neither party may assign this Agreement, in whole or in part, nor any rights or obligations hereunder
without the prior written consent of the other party; provided, however, the Seller may assign its rights and obligations under
these terms to its affiliates or in connection with the sale or transfer of the Seller’s business and Seller may grant a security
interest in the Agreement and/or assign proceeds of the agreement without Buyer’s consent.

10. Termination.  Either party may terminate this agreement, upon issuance of a written notice of breach and a thirty (30)
day cure period, for a material breach (including but not limited to, filing of bankruptcy, or failure to fulfill the material obligations
of this agreement).  If Buyer suspends an order without a change order for ninety (90) or more days, Seller may thereafter
terminate this Agreement without liability, upon fifteen (15) days written notice to Buyer, and shall be entitled to payment for work
performed, whether delivered or undelivered, prior to the date of termination.

11. Dispute Resolution.   Seller and Buyer shall negotiate in good faith to resolve any dispute relating hereto.  If, despite
good faith efforts, the parties are unable to resolve a dispute or claim arising out of or relating to this Agreement or its breach,
termination, enforcement, interpretation or validity, the parties will first seek to agree on a forum for mediation to be held in a
mutually agreeable site. If the parties are unable to resolve the dispute through mediation, then any dispute, claim or controversy
arising out of or relating to this Agreement or the breach, termination, enforcement, interpretation or validity thereof, including
the determination of the scope or applicability of this agreement to arbitrate, shall be determined by arbitration in Pittsburgh,
Pennsylvania before three arbitrators who are lawyers experienced in the discipline that is the subject of the dispute and shall
be jointly selected by Seller and Buyer. The arbitration shall be administered by JAMS pursuant to its Comprehensive Arbitration
Rules and Procedures.  The Arbitrators shall issue a reasoned decision of a majority of the arbitrators, which shall be the decision
of the panel.  Judgment may be entered upon the arbitrators’ decision in any court of competent jurisdiction. The substantially
prevailing party as determined by the arbitrators shall be reimbursed by the other party for all costs, expenses and charges,
including without limitation reasonable attorneys’ fees, incurred by the prevailing party in connection with the arbitration. For any
order shipped outside of the United States, any dispute shall be referred to and finally determined by the International Center
for Dispute Resolution in accordance with the provisions of its International Arbitration Rules, enforceable under the New York
Convention (Convention on the Recognition and Enforcement of Foreign Arbitral Awards) and the governing language shall be
English.

12. Export Compliance.  Buyer acknowledges that Seller is required to comply with applicable export laws and regulations
relating to the sale, exportation, transfer, assignment, disposal and usage of the Work provided under this Agreement, including
any export license requirements.  Buyer agrees that such Work shall not at any time directly or indirectly be used, exported,
sold, transferred, assigned or otherwise disposed of in a manner which will result in non-compliance with such applicable export
laws and regulations.  It shall be a condition of the continuing performance by Seller of its obligations hereunder that compliance
with such export laws and regulations be maintained at all times.  BUYER AGREES TO INDEMNIFY AND HOLD SELLER
HARMLESS FROM ANY AND ALL COSTS, LIABILITIES, PENALTIES, SANCTIONS AND FINES RELATED TO NON-
COMPLIANCE WITH APPLICABLE EXPORT LAWS AND REGULATIONS.

13. LIMITATION OF LIABILITY.  NOTWITHSTANDING ANYTHING ELSE TO THE CONTRARY, SELLER SHALL NOT
BE LIABLE FOR ANY CONSEQUENTIAL, INCIDENTAL, SPECIAL, PUNITIVE OR OTHER INDIRECT DAMAGES, AND
SELLER’S TOTAL LIABILITY ARISING AT ANY TIME FROM THE SALE OR USE OF THE WORK, INCLUDING WITHOUT
LIMITATION ANY LIABILITY FOR ALL WARRANTY CLAIMS OR FOR ANY BREACH OR FAILURE TO PERFORM ANY
OBLIGATION UNDER THE CONTRACT, SHALL NOT EXCEED THE PURCHASE PRICE PAID FOR THE WORK.  THESE
LIMITATIONS APPLY WHETHER THE LIABILITY IS BASED ON CONTRACT, TORT, STRICT LIABILITY OR ANY OTHER
THEORY.
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14. Rental Equipment / Services. Any leased or rented equipment (“Leased Equipment”) provided by Seller shall at all
times be the property of Seller with the exception of certain miscellaneous installation materials purchased by the Buyer, and no
right or property interest is transferred to the Buyer, except the right to use any such Leased Equipment as provided herein.
Buyer agrees that it shall not pledge, lend, or create a security interest in, part with possession of, or relocate the Leased
Equipment.  Buyer shall be responsible to maintain the Leased Equipment in good and efficient working order. At the end of the
initial term specified in the order, the terms shall automatically renew for the identical period unless canceled in writing by Buyer
or Seller not sooner than three (3) months nor later than one (1) month from termination of the initial order or any renewal terms.
Upon any renewal, Seller shall have the right to issue notice of increased pricing which shall be effective for any renewed terms
unless Buyer objects in writing within fifteen (15) days of issuance of said notice. If Buyer timely cancels service in writing prior
to the end of the initial or any renewal term this shall not relieve Buyer of its obligations under the order for the monthly rental
service charge which shall continue to be due and owing. Upon the expiration or termination of this Agreement, Buyer shall
promptly make any Leased Equipment available to Seller for removal. Buyer hereby agrees that it shall grant Seller access to
the Leased Equipment location and shall permit Seller to take possession of and remove the Leased Equipment without resort
to legal process and hereby releases Seller from any claim or right of action for trespass or damages caused by reason of such
entry and removal.

15. Miscellaneous. These terms, together with any Contract Documents issued or signed by the Seller, comprise the
complete and exclusive statement of the agreement between the parties (the “Agreement”) and supersede any terms contained
in Buyer’s documents, unless separately signed by Seller.  No part of the Agreement may be changed or cancelled except by a
written document signed by Seller and Buyer. No course of dealing or performance, usage of trade or failure to enforce any term
shall be used to modify the Agreement.  To the extent the Agreement is considered a subcontract under Buyer’s prime contract
with an agency of the United States government, in case of Federal Acquisition Regulations (FARs) flow down terms, Seller will
be in compliance with Section 44.403 of the FAR relating to commercial items and those additional clauses as specifically listed
in 52.244-6, Subcontracts for Commercial Items (OCT 2014).  If any of these terms is unenforceable, such term shall be limited
only to the extent necessary to make it enforceable, and all other terms shall remain in full force and effect.  The Agreement
shall be governed by the laws of the Commonwealth of Pennsylvania without regard to its conflict of laws provisions. Both Buyer
and Seller reject the applicability of the United Nations Convention on Contracts for the international sales of goods to the
relationship between the parties and to all transactions arising from said relationship.
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6 EXTENDED LOW PRESSURE MEMBRANE MODULE WARRANTY
1. Term of the Membrane Module Warranty

a. This Warranty shall commence (“Commencement Date”) on the earlier of:

i) wet start up of the equipment, or

ii) 6 months after the delivery of the final membrane modules to the Buyer.

b. This Warranty shall continue for a period of 5 years from the Commencement Date (the “Module Warranty
Period”).

2. Repair and Replacement Conditions

a. In the event an individual membrane module exhibits defects in material or workmanship, as defined in
Paragraph 2.b. below, the Seller shall, at its sole option and as the Buyer’s sole remedy, conduct either of
the following:

i) Repair the membrane module at no cost to Buyer; or

ii) Provide replacement membrane modules per the warranty replacement schedule listed in Paragraph
5 below.

b. Membrane modules shall be deemed to be exhibiting defects in material or workmanship under the
following conditions:

i) If the membrane module fails Seller’s standard integrity test and cannot be repaired by the Buyer; or

ii) If a membrane module fails Seller’s standard integrity test and requires pin repair by Buyer on more
than three occasions in any three month period or more than six occasions in any twelve month period
after commencement of the Module Warranty Period, it may be repaired or replaced by Seller under
the terms of membrane module warranty.

c. Buyer will return to Seller the end of each membrane module with the serial number to qualify for a
replacement module.

3. Membrane Module Warranty Exclusions:  The Buyer recognizes that damage resulting form any of the following
shall be excluded from coverage under the membrane module warranty:

a. Alteration or faulty installation of membrane system equipment, components or membrane modules by any
person other than an employee or representative of Seller without the Seller’s prior written consent.

b. Buyer causing or permitting any membrane modules to dry or to have a moisture content below that
specified in the operating instructions.

c. Chemical or physical conditions such as (but not limited to) pH, temperature or climatic factors outside
recommended operating parameters in the appropriate section of the Operating and Maintenance Manual
even where Seller is aware of the existence of these conditions.

d. Supply of influent water exhibiting parameters inconsistent with the parameters determined or specified at
the time of bid and/or pilot testing. Deviance from any specified influent parameters may diminish or, in
certain cases, void this warranty.

e. Exposure of the membrane modules to oil, organic solvents and other substances not normally present in
water.  In particular, waste water from oil filters and/or compressors shall not be permitted to come in contact
with the membrane modules at any time.

f. Permanent or temporary exposure of the membrane modules to sand, grit or other particulate that may
result in fiber damage or abrasion.
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g. Improper maintenance of the equipment (including failure to perform general pinning maintenance) as
defined in Seller supplied Operating and Maintenance Manual.

h. Use of water treatment chemicals or cleaning procedures other than chemicals, cleaning solutions and
procedures approved by the Seller.

i. Use of cationic polymer in the Buyer’s water treatment process without the prior written consent of Seller.

4. Warranty Conditions:  This warranty is conditioned upon Buyer:

a. Not being in default of any payment obligations to Seller; and

b. Maintaining hand-written or electronic operational logs and providing such logs to Seller in the event of a
warranty claim.

5. Warranty Replacement Schedule

a. First 12 Months:  If a membrane module shall require replacement under the repair and replacement
conditions described in section 2 above during the first twelve (12) months of the ”Module Warranty Period”,
a replacement will be supplied by Seller at no charge.

b. Next 48 Months:  If a low pressure membrane module shall require replacement under the repair and
replacement conditions described in section 2 above during the next forty-eight (48) months of the Module
Warranty Period, a replacement will be supplied by Seller and invoiced based upon a pro-rata value of a
total of sixty (60) months.  The pro-rata value shall be determined using a replacement price of US$1,500.00
per module adjusted by the increase in the North American Consumer Price Index (CPI) All Urban
Consumers (US City Average), and reducing this price by 1/60th for each month remaining in the 60-month
period.

c. Replacement modules supplied by the Seller to Buyer under warranty shall assume the balance of the
membrane module warranty that remained on the defective membrane module that was replaced under
warranty.

d. Freight costs associated with the furnishing of replacement modules provided under the membrane module
warranty is not included in the warranty replacement price.  Accordingly, the shipping/delivery terms for
replacement modules supplied under the membrane module warranty shall be “Ex Works Seller’s Facility”
and Seller shall arrange, and Buyer shall pay for, transportation of replacement membrane modules to
Buyer’s facility.

6. IN NO EVENT SHALL SELLER BE LIABLE FOR ANY INDIRECT, CONSEQUENTIAL, INCIDENTAL,
SPECIAL, PUNITIVE OR OTHER DAMAGES AND SELLER’S TOTAL LIABILITY UNDER THIS EXTENDED
MEMBRANE MODULE WARRANTY, WHEN ADDED TO ALL LIABILITY OF SELLER TO THE BUYER AND
ANY END USER OF THE SYSTEM, IF DIFFERENT FROM THE BUYER, UNDER THE SYSTEM SALE
CONTRACT, SHALL NOT EXCEED THE LIMITATION ON LIABILITY SET FORTH IN THE SYSTEM SALE
CONTRACT.  THE FOREGOING LIMITATIONS APPLY REGARDLESS OF WHETHER THE LIABILITIES OR
DAMAGES ARISE OR ARE ALLEGED TO ARISE UNDER CONTRACT, TORT, STRICT LIABILITY OR ANY
OTHER THEORY.
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Xylem Water Solutions USA, Inc.
14125 South Bridge Circle
Charlotte, NC
28273

December 4, 2015
Alison Nojima
Brown and Caldwell
Walnut Creek, CA

Project Name: Open Channel Class 5 Disinfection
Project Number: PPN15RL1201
Revision Number: 0

Dear Brown and Caldwell,

We are pleased to submit the following proposal for the Open Channel Class 5 Disinfection UV
opportunity based on the information provided within your inquiry.

The Duron system is a modular open channel UV system that offers owners best in class
operational efficiency and an entirely operator-oriented design. We would like to highlight a few
key items with our proposal provided:

 45° Vertical Incline Design - WEDECO has used our 30+ years of experience in the UV
industry to develop this staggered lamp array design, combining the advantages of
vertical and horizontal designs. This design results in better hydraulics and performance.

 All electrical components are out of the effluent - This eliminates underwater
electrical seals and simplifies the overall system.

 Integrated Electric Lifting System - This integrated device raises each module out of
the channel individually, providing easy access to the entire UV module for inspection
and routine maintenance. It also means that no crane or separate maintenance area is
needed for Duron equipment.

 Simple maintenance - With the Duron system, lamps and sleeves can be replaced right
in the channel. The lifting system can bring the equipment to the operator, increasing
safety. Additionally, no tools are needed for any maintenance procedure such as lamp
changes, quartz removal, sensor replacement, or wiper ring replacement.

 Latest lamp technology - Our system includes our latest low-pressure, high-intensity
Ecoray lamps which have a guaranteed life of 14,000 hours. At 600 watts per lamp, the
Duron system also requires fewer lamps and associated replacement components.

 True "intensity based" dose pacing control - WEDECO is unique in the marketplace
by taking into account real-time sensor readings of UV intensity, as a function of lamp
output, aging and sleeve fouling. This is combined with real-time UV transmittance data
to offer true dose pacing for all effluent conditions. Knowing that flows and water quality
constantly vary, this system provides the end user with power savings and prevents over-
dosing, allowing us to ensure that the UV system will meet permit at a wide variety of
water qualities.



 Electric motor driven automatic wiping system – This prevents quartz sleeve fouling
with very easy replacement of wipers. It also eliminates the need for a compressor or a
hydraulics system.

 Remote enclosures - WEDECO’s ballasts are located away from the channel which
allows for easy accessibility for maintenance.

 TotalCare - WEDECO’s established and proven TotalCare Program provides our
customers with proactive services all designed to minimize the cost of ownership to
operate and maintain a UV system. TotalCare services can provide our customers with
system health checks, efficiency audits, training and preventative maintenance contracts.

Please refer to our local representative David Ban of Misco, 925-699-2932 or us if you have any
questions. We look forward to working with you on this exciting project.

Sincerely,

Rich Loeffler Richelle Mechenbier
Senior Sales Engineer Sales Engineer
(704) 614-4443
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1 Xylem Overview

Xylem is a leading global water technology provider, enabling customers to transport, treat, test and
efficiently use water in public utility, residential and commercial building services, industrial and
agricultural settings. The company does business in more than 150 countries through a number of
market-leading product brands, and its people bring broad applications expertise with a strong focus
on finding local solutions to the world’s most challenging water and wastewater problems.

Xylem’s treatment business offers a portfolio of products and systems designed to effectively meet
the demands and challenges of treating water and wastewater. From smarter aeration to advanced
filtration to chemical-free disinfection, Xylem leverages its well-known Treatment brands, Flygt,
Leopold, Sanitaire, and Wedeco, to offer hundreds of solutions backed by a comprehensive,
integrated portfolio of services designed to ensure we can meet our customers’ needs in a number of
different industries including municipal water and wastewater, aquaculture, biogas and agriculture,
food and beverages, pharmaceuticals, and mining.

Our scientists and engineers utilize their deep applications expertise and continually listen and learn
from our customers’ situations to create solutions that not only use less energy and reduce life-cycle
costs, but also promote the smarter use of water.

Wedeco has accepted the challenge of the 21st century.
With the Wedeco brand for UV Disinfection, ozone
oxidation & AOP solutions, we own the advanced
technologies for chemical-free and environmentally friendly
treatment of drinking water, wastewater and process water
as well as further industrial treatment processes. We

constantly invest a large portion of our energy in the development of high-tech components, systems
and equipment, as well as in the study of new areas of application for UV, ozone & AOP. In doing so,
we have always given special attention to the increase in energy efficiency of our Products equipped
with our unique UV lamps and ozone electrodes.
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The special characteristics of the Wedeco Ecoray UV lamp are
its special doping and the unique long-life coating. Because of
these features, a constantly high UV light yield is achieved with
a substantially extended lamp service life at the same time. In
addition, by using this technology it is not necessary to apply
liquid mercury inside the lamp. Wedeco UV lamps cannot be
surpassed in economic efficiency.

In relation to expenditure of energy, the High-Intensity/Low-
Pressure Technology provides a light yield three times
higher than comparable UV lamps of widely used Medium
Pressure Technology. A higher light yield also means a
lower heat generation at the same time.

Thanks to this, Wedeco UV lamps become less susceptible
to varying water temperatures. Even the formation of
deposits on the quartz sleeves as well as lamp aging is
considerably lower than with alternative UV lamp
technologies in Herford and Essen.

Xylem's Wedeco ozone systems combine maximum flexibility
and reliable operating characteristics for small to large ozone
capacities. The ozone generator system and control unit can
be combined and supplemented with option sets that allow for
various application requirements.

Effizon evo 2G ozone electrodes are the core of our
technology and achieve an unmatched level of reliability and
energy efficiency. The electrodes are manufactured
completely from inert materials, without the need for fuses or

coatings, making them highly resistant to corrosion. This means that the Wedeco ozone generators
are practically maintenance free with no need for regular cleaning or replacement of the electrodes.

We rely on consistently high-quality standards in all
divisions of the company. Moreover, product quality and
manufacturing operations are constantly monitored and
optimized in continuous improvement processes.
Established quality controls give Xylem and you the
security of knowing that Wedeco UV, Ozone & AOP
systems will always operate reliably.

For more information please visit us at
http://www.xylem.com/treatment/

WEDECO Effizon
®

evo 2G
Ozone electrode

WEDECO Ecoray UV lamp

http://www.xylem.com/treatment/us/brands/wedeco
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2 General Process Description

2.1 DESIGN

 Design Flow Rates
- Peak Design Flow 2.0 MGD

 Total Suspended Solids (Maximum) 5.0 mg/l

 5-day B.O.D. 5.0 mg/l

 Allowable Effluent Temperature Range 41-86°F

 UV Transmittance at 253.7 nm 55%, minimum

 Effluent Disinfection Standard
- Total Coliforms (7 day geometric mean) 2.2 Target Organism/100 mL
- Total Coliforms (max sample) 23 Total Coliforms/100 mL

 UV Dose
- Minimum Design UV Dose

(based on NWRI 2012 (MS2) bioassay)
100 mJ/cm²

2.2 PROCESS DESCRIPTION

UV disinfection for Class 5 water reuse disinfection.
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3 Technical Description

CONFIGURATION: Duron 96 i 1 - 8 x 1 eW eL

DESCRIPTION UNITS VALUE

Total Number of lamps

Number of lamps per channel

Number of channels

Number of banks per channel

Number of modules per bank

Number of lamps per module

96

96

1

8

1

12

CHANNEL DIMENSIONS:

Width along UV banks

Width along weir

Design water depth @ influent

Overall channel height

Approx. length

Inches

29.53

29.53

42.13

74.76

630.0

HEADLOSS (at peak flow):

Across UV system

Across level control

Allowable freefall

Total Headloss

Inches

1.0

3.0

4.0

8.0

POWER CONSUMPTION:

Total Connected System Power

kW

64.0
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4 Price & Scope of Supply

4.1 WEDECO SCOPE OF SUPPLY

 All required UV modules incl. lamps and support framework for installation of the UV modules
 82 ft (25 m) power cabling from lamps to ballast cabinets
 Type 12, Fan-cooled, Painted Steel Electrical Enclosures
 Allen Bradley PLC with PanelView Plus HMI and SCADA communication
 Power supply requirements: 480 V, 3 phase, 4 wire + ground (WYE)
 Electric motor driven automatic wiping system
 Integrated electric module lifting system
 UV-intensity sensors [one per bank]
 Low level probe [one per channel]
 YSI UV transmittance monitor
 OptiDose Dose-Pacing and lamp dimming control system
 Fixed finger weir]
 Remote Service Support
 Three (3) operating and maintenance manuals in English language
 Factory testing of all parts and equipment prior to shipment
 Packaging of UV equipment
 Manufacturer’s field services on site (1 trip / 3 days)

4.2 BUDGET PRICE

Duron Standard Equipment

Total $480,000

Optional Adders

Type 4X, Air-conditioned, 304 Stainless Steel
Electrical Enclosure(s)

Please contact us for additional information.

Spare parts: 10% Lamps, 10% wipers, 3%
ballasts

Please contact us for additional information.
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5 Commercial Terms & Conditions

Commercial Details

Submittal time: 8 weeks after approved purchase order

Delivery time: 18 weeks after approved submittals

Terms of Delivery: All prices are FCA factory with full freight allowed to the job site.

Terms of Payment:

This proposal is based upon WEDECO’s General Terms of
Business. Price is based upon the following payment terms (net
30 days):

 10% net 30 days upon initial submittal of
mechanical/electrical drawings for approval

 80% net 30 days from the date of the respective
shipments of the product

 5% installation of the Xylem equipment, NTE 150 days
after shipment

 5% start-up / training on the Xylem equipment, NTE
180 days after shipment

Warranties:

Lamp Warranty: Guaranteed 14,000 hours of operation,
prorated after 9,000 hours.

System Warranty: 18 months from date of delivery or 12 months
from date of substantial completion of UV equipment whichever
comes first.



WEDECO is a trademark of Xylem Inc. or one of its subsidiaries.

Xylem, Inc.
www.xylem.com/treatment



PROCESS DESIGN REPORT

Designed By:  Aaron Glauch on Friday, December  4, 2015

Design#:  142561

Option:  Preliminary Filter Design

The enclosed information is based on preliminary data which we have received from you.  There may be 

factors unknown to us which would alter the enclosed recommendation.  These recommendations are based 

on  models and assumptions widely used in the industry.  While we attempt to keep these current, 

Aqua-Aerobic Systems, Inc. assumes no responsibility for their validity or any risks associated with their use.  

Also, because of the various factors stated above, Aqua-Aerobic Systems, Inc. assumes no responsibility for 

any liability resulting from any use made by you of the enclosed recommendations.

Copyright 2015, Aqua-Aerobic Systems, Inc

BENICIA WWTP CA



Design Notes

Filtration

- The cloth media filter recommendation is based upon the following conditions (as shown on the design sheet): 10 mg/l average 

daily influent TSS, 15 mg/l peak influent TSS, and an acceptable upstream process such as an activated sludge plant with a 

minimum SRT of 5 days.

- The anticipated filtered effluent quality is based on the filter influent conditions as shown under "Design Parameters" of this 

Process Design Report.  In addition, the filter influent should be free of algae and other solids that are not filterable through a 

nominal 10 micron pore size media.  Provisions to treat algae and condition the solids to be filterable are the responsibility of 

others.

- For this application, pile filter cloth is recommended.

- The cloth media filter has been designed at a hydraulic loading rate of 3.2 gpm/ft², with one unit out of service, under a constant flow.

- The following filter recommendation has been designed in accordance with the State of California Title 22 Code of Regulations 

related to recycled water.

A.  The cloth media filters shall:

     1.  Provide a 24-hour average filtered effluent of 2 NTU or less.

     2.  Provide a filtered effluent not to exceed 5 NTU for more than 5% of the time within a 24-hour period.

     3.  Provide a filtered effluent not to exceed 10 NTU at any time.

B. Filter influent turbidity is continuously measured, and shall not exceed 5 NTU for more than 15 minutes and never shall 

exceed 10 NTU, and that there is the capability to automatically activate chemical addition or divert the wastewater from the filter 

should the filter influent turbidity exceed 5 NTU for more than 15 minutes.

Equipment

- The basins are not included and shall be provided by others.

- Equipment selection is based upon Aqua Aerobic Systems' standard materials of construction and electrical components.

- Aqua-Aerobic Systems, Inc. is familiar with various “Buy American” Acts (i.e. AIS, ARRA, Federal FAR 52.225, EXIM Bank, 

USAid, PA Steel Products Act, etc.).  As the project develops Aqua-Aerobic Systems can work with you to ensure full 

compliance of our goods with various Buy American provisions if they are applicable/required for the project.  When applicable, 

please provide us with the specifics of the project’s “Buy American” provisions.
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AquaDISK Tertiary Filtration - Design Summary

DESIGN INFLUENT CONDITIONS

Max Design Flow = 2 MGD = 1388.9 gpm = 7571 m³/day

Pre-Filter Treatment: Secondary

Effluent

DESIGN PARAMETERS Influent mg/l Required <= mg/l Anticipated <= mg/l

Avg. Total Suspended Solids: TSSa 10 -- -- -- --

Max. Total Suspended Solids: TSSm 15 -- -- -- --

*Turbidity: NTU 5.70 NTU 2 NTU 2

*Note: Tubidity represented in Nephelometric Turbidity Units (NTU's) in lieu of mg/l.

AquaDISK FILTER RECOMMENDATION

Qty Of Filter Units Recommended = 2

Number Of Disks Per Unit = 8

Total Number Of Disks Recommended = 16

Total Filter Area Provided = 860.8 ft²  = (79.97 m²)

Filter Model Recommended = AquaDisk Concrete: Model ADFSC-54 x 8E-PC

Filter Media Cloth Type = OptiFiber PA2-13

AquaDISK FILTER CALCULATIONS

Filter Type:

Vertically Mounted Cloth Media Disks featuring automatically operated vacuum backwash.

Maximum Flow Conditions:

Maximum Hydraulic Loading = Max. Design Flow (gpm) / Recommended Filter Area (ft²)

= 1388.9 / 860.8 ft²

= 1.61 gpm/ft² (1.10 l/s/m²) at Max. Flow

Solids Loading:

Solids Loading Rate = (lbs TSS/day at max flow and max TSS loading) / Recommended Filter Area (ft²)

= 250.2 lbs/day / 860.8 ft²

= 0.29 lbs. TSS /day/ft² (1.42 kg. TSS/day/m²)

The above recommendation is based upon the provision to maintain a satisfactory hydraulic surface loading with (1) unit out of 

service. The resultant hydraulic loading rate at the Maximum Design Flow is: 3.2 gpm / ft²  = (2.2 L/s / m² )
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Equipment Summary

Cloth Media Filters

AquaDisk Tanks/Basins

2  AquaDisk Model # ADFSC-54x8E-PC Concrete Filter Basin Accessories consisting of:

- Concrete basin(s) (by others).

- 304 stainless steel support brackets.

- Effluent seal plate weldment.

- 316 stainless steel anchors.

- 3" manual butterfly valve(s).

2  Influent Weir Installation(s) consisting of:

- Influent weir(s).

- 316 stainless steel anchors.

AquaDisk Centertube Assemblies

2  Centertube(s) consisting of:

- 304 stainless steel centertube weldment(s).

- Centertube driven sprocket(s).

- Dual wheel assembly(ies).

- Rider wheel bracket assembly(ies).

- 304 stainless steel centertube support beam(s).

- Centertube bearing kit(s).

- Effluent centertube lip seal(s).

- Pile cloth media and non-corrosive support frame assemblies.

- Disk segment 304 stainless steel support rods.

- Neoprene media sealing gaskets.

AquaDisk Drive Assemblies

2  Drive System(s) consisting of:

- Gearbox with motor.

- Drive spocket(s).

- Drive chain(s) with pins.

- Stationary drive bracket weldment(s).

- Adjustable drive bracket weldment(s).

- 316 stainless steel anchors.

- Chain guard weldment(s).

- Warning label(s).

AquaDisk Backwash/Sludge Assemblies

2  Backwash System(s) consisting of:

- Backwash shoe assemblies.

- Backwash shoe support weldment(s).

- 1 1/2" flexible hose.

- Stainless steel backwash shoe springs.

- Hose clamps.

- 304 stainless steel backwash collection manifold(s).

- 304 stainless steel union(s).

- 304 stainless steel backwash floor plate(s).

- PVC solids manifold installation(s).

2  Backwash/Solids Waste Pump(s) consisting of:

- Backwash/waste pump(s).

- Painted steel backwash pump stand(s).
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- 316 stainless steel anchors.

- 0 to 15 psi pressure gauge(s).

- 0 to 30 inches mercury vacuum gauge(s).

- Throttling gate valve(s).

- 3" ball valve(s).

AquaDisk Instrumentation

2  Pressure Transducer Assembly(ies) each consisting of:

- Mounting bracket weldment(s).

- Transducer pipe weldment(s).

- Pressure transducer(s).

- 304 stainless steel anchors.

- Nylon electrical cable tie wrap(s).

2  Vacuum Gauge with Transmitter(s) consisting of:

- 0 to 30 inches mercury vacuum gauge(s).

- Vacuum transmitter(s).

- 1/4" Threaded bronze ball valve.

2  Float Switch(es) consisting of:

- Float switch mounting bracket(s).

- Float switch(es).

- Stainless steel anchor kit(s).

AquaDisk Valves

2  Set(s) of Backwash Valves consisting of:

- 2" full port, two piece, stainless steel body ball valve(s), flanged end connections with single phase electric 

actuator(s).  Valve / actuator combination shall be TCI / RCI (RCI, a division of Rotork), Nibco, or equal.

2  Solids Waste Valve(s) consisting of:

- 2" full port, two piece, stainless steel body ball valve(s), flanged end connections with single phase electric 

actuator(s).  Valve / actuator combination shall be TCI / RCI (RCI, a division of Rotork), Nibco, or equal.

AquaDisk Controls w/Starters

2  Control Panel(s) consisting of:

- Nema 4X 304 stainless steel enclosure(s).

- Air conditioner(s).

- Control panel sun shield.

- Circuit breaker with handle.

- Transformer(s).

- Fuses and fuse blocks.

- Line filter(s).

- GFI convenience outlet(s).

- Control relay(s).

- Selector switch(es).

- Indicating pilot light(s).

- MicroLogix 1400 PLC(s).

- Ethernet switch(es).

- Power supply(ies).

- Operator interface(s).

- Operator interface sun shield(s).

- Motor starter(s).

- Terminal blocks.

- UL label(s).
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Date:  March 24, 2016 

To:  Mallika Ramanathan, Walnut Creek 

From:  Dan Goodburn, Parker 

Reviewed by: Don Snowden, West Monroe 

Project No.: 148314-001-005 

Subject:  Benicia Recycled Water Study 

 10-Percent Design Completion 

 Basis of Estimate of Probable Construction Cost 

 

The Basis of Estimate Report and supporting estimate reports for the subject project are attached.  Please 

call me if you have questions or need additional information. 

Enclosures (3): 

1. Basis of Estimate Report 

2. Summary Estimate 

3. Detailed Estimate 
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Basis of Estimate Report 

Benicia Recycled Water Study 

Introduction 

Brown and Caldwell (BC) is pleased to present this opinion of probable construction cost (estimate) prepared 

for the Benicia Recycled Water Study. 

Summary 

This Basis of Estimate contains the following information: 

• Scope of work 

• Background of this estimate 

• Class of estimate 

• Estimating methodology 

• Direct cost development 

• Indirect cost development 

• Bidding assumptions 

• Estimating assumptions 

• Estimating exclusions 

• Allowances for known but undefined work 

• Contractor and other estimate markups 

Scope of Work 

This project evaluates several alternatives to send recycled water from the Benicia WWTP to the Valero 

refinery plant.  The table below describes the treatment and conveyance alternatives. 
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Treatment Alternative 1 – Activated Sludge • New Aeration Basin 

• Conversion of RBC SC into chlorine contact 

basin 

Treatment Alternative 2 – TMBR • Conversion of RBC SC into MBR 

• New UV Disinfection system 

Conveyance Alternative 1 – WWTP • Oversized Recycled Water Pump Station Wet 

Well to provide 0.5 MG of storage (below 

grade) 

• 150 HP vertical turbine Recycled Water Pump 

Station at the WWTP 

Conveyance Alternative 2 – Storage at Corp Yard • 0.5 MG storage at the Corp Yard (above grade, 

steel tank) 

• 100 HP Recycled Water Pump Station -Vertical 

Turbine pump station at the WWTP 

• 35 HP Booster Pump Station at the Corp Yard 

Conveyance Alternative 3 – Storage at Refinery • 0.5 MG (above-grade) storage tank at the 

Refinery 

• 105 HP Recycled Water Pump Station – 

Vertical turbine pump station at the WWTP 

 

Background of this Estimate 

The attached estimate of probable construction cost is based on documents dated March, 2016, received by 

the ESG.  These documents are described as preliminary based on the current project progression, 

additional or updated scope and/or quantities, and ongoing discussions with the project team. Further 

information can be found in the detailed estimate reports. 

Class of Estimate  

In accordance with the Association for the Advancement of Cost Engineering International (AACE) criteria, 

this is a Class 5 estimate.  A Class 5 estimate is defined as a Conceptual Level or Project Viability Estimate.  

Typically, engineering is from 0 to 2 percent complete. Class 5 estimates are used to prepare planning level 

cost scopes or evaluation of alternative schemes, long range capital outlay planning and can also form the 

base work for the Class 4 Planning Level or Design Technical Feasibility Estimate. 

Expected accuracy for Class 5 estimates typically ranges from -50 to +100 percent, depending on the 

technological complexity of the project, appropriate reference information and the inclusion of an 

appropriate contingency determination.  In unusual circumstances, ranges could exceed those shown. 

Estimating Methodology 

This estimate was prepared using quantity take-offs, vendor quotes and equipment pricing furnished either 

by the project team or by the estimator.  The estimate includes direct labor costs and anticipated 

productivity adjustments to labor, and equipment. Where possible, estimates for work anticipated to be 

performed by specialty subcontractors have been identified.  
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Construction labor crew and equipment hours were calculated from production rates contained in 

documents and electronic databases published by R.S. Means, Mechanical Contractors Association (MCA), 

National Electrical Contractors Association (NECA), and Rental Rate Blue Book for Construction Equipment 

(Blue Book).   

This estimate was prepared using BC’s estimating system, which consists of a Windows-based commercial 

estimating software engine using BC’s material and labor database, historical project data, the latest vendor 

and material cost information, and other costs specific to the project locale. 

Direct Cost Development 

Costs associated with the General Provisions and the Special Provisions of the construction documents, 

which are collectively referred to as Contractor General Conditions (CGC), were based on the estimator’s 

interpretation of the contract documents.  The estimates for CGCs are divided into two groups: a time-related 

group (e.g., field personnel), and non-time-related group (e.g., bonds and insurance).  Labor burdens such as 

health and welfare, vacation, union benefits, payroll taxes, and workers compensation insurance are 

included in the labor rates.  No trade discounts were considered. 

Indirect Cost Development 

Local sales tax has been applied to material and equipment rentals. A percentage allowance for contractor’s 

home office expense has been included in the overall rate markups.  The rate is standard for this type of 

heavy construction and is based on typical percentages outlined in Means Heavy Construction Cost Data. 

The contractor’s cost for builders risk, general liability and vehicle insurance has been included in this 

estimate.  Based on historical data, this is typically two to four percent of the overall construction contract 

amount.  These indirect costs have been included in this estimate as a percentage of the gross cost, and are 

added after the net markups have been applied to the appropriate items. 

Bidding Assumptions  
The following bidding assumptions were considered in the development of this estimate. 

1. Bidders must hold a valid, current Contractor’s credentials, applicable to the type of project. 

2. Bidders will develop estimates with a competitive approach to material pricing and labor productivity, 

and will not include allowances for changes, extra work, unforeseen conditions or any other unplanned 

costs. 

3. Estimated costs are based on a minimum of four bidders.  Actual bid prices may increase for fewer 

bidders or decrease for a greater number of bidders.   

4. Bidders will account for General Provisions and Special Provisions of the contract documents and will 

perform all work except that which will be performed by traditional specialty subcontractors as identified 

here: 

− Piles 

− Electrical 

Estimating Assumptions  

As the design progresses through different completion stages, it is customary for the estimator to make 

assumptions to account for details that may not be evident from the documents.  The following assumptions 

were used in the development of this estimate. 
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1. Contractor performs the work during normal daylight hours, nominally 7 a.m. to 5 p.m., Monday through 

Friday, in an 8-hour shift.  No allowance has been made for additional shift work or weekend work. 

2. Contractor has complete access for lay-down areas and mobile equipment. 

3. Equipment rental rates are based on verifiable pricing from the local project area rental yards, Blue 

Book rates and/or rates contained in the estimating database. 

4. Contractor markup is based on conventionally accepted values that have been adjusted for project-area 

economic factors.   

5. Major equipment costs are based on both vendor supplied price quotes obtained by the project design 

team and/or estimators, and on historical pricing of like equipment. 

6. Process equipment vendor training using vendors’ standard Operations and Maintenance (O&M) 

material, is included in the purchase price of major equipment items where so stated in that quotation. 

7. Bulk material quantities are based on manual quantity take-offs. 

8. There is sufficient electrical power to feed the specified equipment.  The local power company will supply 

power and transformers suitable for this facility. 

9. Electrical power for new facilities will be derived from existing process area switchgear and no new 

electrical buildings or switchgear is anticipated.  New motor control centers will replace the existing 

motor control centers in the existing facilities. 

10. Yard piping and pumped water lines have nominal 5 feet of cover. 

11. Concrete piles spaced on 10 foot centers under foundation slabs and footings.  Aeration basin piles are 

70 feet deep and all other piles are 50 feet deep. 

12. Dewatering is included for structural excavations 5 feet or deeper below existing grade. 

13. Storage tank and pump station slabs are 2 feet thick with 1 foot of base material.  All other structure 

slabs are 18-inches thick with 8-inches base material.  Walls thicknesses vary with height of wall. 

14. No additional costs are included for the Pipeline Segment A crossing under Interstate 780 beyond the 

open cut construction. 

15. All structure excavations and yard pipe trenching is open cut with 1:1 slopes.  Sheeting and shoring is 

not included. 

16. All off-site pipeline bedding and backfill will be imported crushed rock. For Pipeline Segment D the 

excavated native material will be considered to be contaminated waste for disposal. 

Estimating Exclusions  

The following estimating exclusions were assumed in the development of this estimate. 

1. Hazardous materials remediation and/or disposal except as noted for Pipeline Segment D. 

2. O&M costs for the project with the exception of the vendor supplied O&M manuals. 

3. Utility agency costs for incoming power modifications. 

4. Permits beyond those normally needed for the type of project and project conditions. 

5. Sitework at the remote pump stations or storage tank locations due to unknown locations. 

6. Right of way or property acquisition costs. 
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Allowances for Known but Undefined Work 

The following allowances were made in the development of this estimate. 

1. Various exposed process system piping 

2. Wet chemical scrubber system 

3. Electrical and Instrumentation 

Contractor and Other Estimate Markups 

Contractor markup is based on conventionally accepted values which have been adjusted for project-area 

economic factors.  Estimate markups are shown in Table 1.  

 

Table 1.  Estimate Markups 

Item Rate (%) 

Net Cost Markups  

Contractor Overhead and Profit, includes the following  markups: 10 

 Labor  (employer payroll burden)  

 Materials and process equipment plus Shipping and Handling  

 Equipment (construction-related)  

 Subcontractor  

Sales Tax (State and local for materials, process equipment and construction equipment rentals, etc.) 8.625 

Gross Cost Markups  

Contractor General Conditions plus Start-up, Training and O&M 12 

Construction Contingency 35 

Bonds and Insurance, includes the following markups 3.5 

 Builders Risk, Liability and Auto Insurance  

 Performance and Payment Bonds  

Escalation to Midpoint of Construction 8.7 

 

Labor Markup 

The labor rates used in the estimate were derived chiefly from the latest published State Prevailing Wage 

Rates.  These include base rate paid to the laborer plus fringes.  A labor burden factor is applied to these 

such that the final rates include all employer paid taxes.  These taxes are FICA (which covers social security 

plus Medicare), Workers Comp (which varies based on state, employer experience and history) and 

unemployment insurance.  The result is fully loaded labor rates.  In addition to the fully loaded labor rate, an 

overhead and profit markup is applied at the back end of the estimate.  This covers payroll and accounting, 

estimator’s wages, home office rent, advertising and owner profit. 
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Materials and Process Equipment Markup 

This markup consists of the additional cost to the contractor beyond the raw dollar amount for material and 

process equipment.  This includes shop drawing preparation, submittal and/or re-submittal cost, purchasing 

and scheduling materials and equipment, accounting charges including invoicing and payment, inspection of 

received goods, receiving, storage, overhead and profit. 

Equipment (Construction) Markup 

This markup consists of the costs associated with operating the construction equipment used in the project.  

Most GCs will rent rather than own the equipment and then charge each project for its equipment cost.  The 

equipment rental cost does not include fuel, delivery and pick-up charges, additional insurance 

requirements on rental equipment, accounting costs related to home office receiving invoices and payment.  

However, the crew rates used in the estimate do account for the equipment rental cost.  Occasionally, larger 

contractors will have some or all of the equipment needed for the job, but in order to recoup their initial 

purchasing cost they will charge the project an internal rate for equipment use which is similar to the rental 

cost of equipment.  The GC will apply an overhead and profit percentage to each individual piece of 

equipment whether rented or owned. 

Subcontractor Markup 

This markup consists of the GC’s costs for subcontractors who perform work on the site.  This includes costs 

associated with shop drawings, review of subcontractor’s submittals, scheduling of subcontractor work, 

inspections, processing of payment requests, home office accounting, and overhead and profit on 

subcontracts. 

Sales Tax (Materials, Process Equipment and Construction Equipment) 

This is the tax that the contractor must pay according to state and local tax laws.  The percentage is applied 

to both the material and equipment the GC purchases as well as the cost for rental equipment.  The 

percentage is based on the local rates in place at the time the estimate was prepared.  

Contractor Startup, Training, and O&M Manuals 

This cost markup is often confused with either vendor startup or owner startup.  It is the cost the GC incurs 

on the project beyond the vendor startup and owner startup costs.  The GC generally will have project 

personnel assigned to facilitate the installation, testing, startup and O&M Manual preparation for equipment 

that is put into operation by either the vendor or owner.  These project personnel often include an 

electrician, pipe fitter or millwright, and/or I&E technician.  These personnel are not included in the basic 

crew makeup to install the equipment but are there to assist and trouble shoot the startup and proper 

running of the equipment.  The GC also incurs a cost for startup for such things as consumables (oil, fuel, 

filters, etc.), startup drawings and schedules, startup meetings and coordination with the plant personnel in 

other areas of the plant operation.  

Builders Risk, Liability, and Vehicle Insurance 

This percentage comprises all three items.  There are many factors which make up this percentage, 

including the contractor’s track record for claims in each of the categories.  Another factor affecting 

insurance rates has been a dramatic price increase across the country over the past several years due to 

domestic and foreign influences.  Consequently, in the construction industry we have observed a range of 

0.5 to 1 percent for Builders Risk Insurance, 1 to 1.25 percent for General Liability Insurance, and 0.85 to 

1 percent for Vehicle Insurance.  Many factors affect each area of insurance, including project complexity 

and contractor’s requirements and history.  Instead of using numbers from a select few contractors, we 
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believe it is more prudent to use a combined 2 percent to better reflect the general costs across the country.  

Consequently, the actual cost could be higher or lower based on the bidder, region, insurance climate, and 

on the contractor’s insurability at the time the project is bid. 

Material Shipping and Handling 

This can range from 2 to 6 percent, and is based on the type of project, material makeup of the project, and 

the region and location of the project.  Material shipping and handling covers delivery costs from vendors, 

unloading costs (and in some instances loading and shipment back to vendors for rebuilt equipment), site 

paper work, and inspection of materials prior to unloading at the project site.  BC typically adjusts this 

percentage by the amount of materials and whether vendors have included shipping costs in the quotes that 

were used to prepare the estimate.  This cost also includes the GC’s cost to obtain local supplies; e.g., oil, 

gaskets and bolts that may be missing from the equipment or materials shipped. 

Escalation to Midpoint for Labor, Materials and Subcontractors 

In addition to contingency, it is customary for projects that will be built over several years to include an 

escalation to midpoint of anticipated construction to account for the future escalation of labor, material and 

equipment costs beyond values at the time the estimate is prepared.  For this project, the anticipated rate of 

escalation is 3 percent per annum. 

The estimated construction time for this project is 18 months, exclusive of unusual weather or site 

conditions delays.  Construction is anticipated to start April, 2018 and complete September, 2019.  The 

escalation factors used in this estimate are calculated from the date the estimate is finalized to the 

anticipated midpoint of construction at approximately 33 months from the date of this estimate. 

Undesigned/undeveloped Contingency 

The contingency factor covers unforeseen conditions, area economic factors, and general project complexity.  

This contingency is used to account for those factors that can not be addressed in each of the labor and/or 

material installation costs.  Based on industry standards, completeness of the project documents, project 

complexity, the current design stage and area factors, construction contingency can range from 10 to 

50 percent.   

Performance and Payment Bonds 

Based on historical and industry data, this can range from 0.75 to 3 percent of the project total.  There are 

several contributing factors including such items as size of the project, regional costs, contractor’s historical 

record on similar projects, complexity and current bonding limits.  BC uses 1.5 percent for bonds, which we 

have determined to be reasonable for most heavy construction projects. 
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Goodburn, Dan

WATER RE-USE STUDY - TREATMENT ALT 1

Estimate Breakdown Gross Total Cost
w/Markups

01 01 
02 Sitework 373,92702 Sitework
03 Aeration Basin Splitter Box 237,51303 Aeration Basin Splitter Box
04 Rehab Existing Aeration Basins 1,088,27204 Rehab Existing Aeration Basins
05 Aeration Basins 3,483,84005 Aeration Basins
06 Aeration Blowers 619,61506 Aeration Blowers
08 Caustic System 317,23508 Caustic System
10 Alum System 278,33910 Alum System
12 Equalization and Filter Feed System 1,200,87812 Equalization and Filter Feed System
14 Flocculation Tanks 192,10414 Flocculation Tanks
16 Filters 1,136,62616 Filters
18 Chlorination 406,86518 Chlorination
22 Gravity Thickener Conversion 50,44722 Gravity Thickener Conversion
23 Specialty Metals Allowance 47,54223 Specialty Metals Allowance
24 Electrical and Instrumentation 2,127,97524 Electrical and Instrumentation
26 Emergency Generator 435,53626 Emergency Generator
28 Outfall Repair 95,08428 Outfall Repair

01 12,091,799
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Goodburn, Dan

WATER RE-USE STUDY - TREATMENT ALT 1

Estimate Breakdown Gross Total Cost
w/Markups

01 01 
02 Sitework02 Sitework

01 GENERAL CONDITIONS 29801 GENERAL CONDITIONS
02 SITEWORK & DEMOLITION 37,80402 SITEWORK & DEMOLITION
03 CONCRETE 44,31303 CONCRETE
22 PLUMBING 42,46022 PLUMBING
31 EARTHWORK 27,19231 EARTHWORK
32 EXTERIOR IMPROVEMENTS 64,90332 EXTERIOR IMPROVEMENTS
33 UTILITIES 77,83333 UTILITIES
40 PROCESS PIPE FITTINGS AND VALVES 32,51740 PROCESS PIPE FITTINGS AND VALVES
46 WATER AND WASTEWATER TREATMENT PLANTS 46,60746 WATER AND WASTEWATER TREATMENT PLANTS

02 Sitework 373,927

03 Aeration Basin Splitter Box03 Aeration Basin Splitter Box
03 CONCRETE 98,90603 CONCRETE
05 METALS 53,86105 METALS
31 EARTHWORK 38,44631 EARTHWORK
35 WATERWAY AND MARINE 42,98835 WATERWAY AND MARINE
40 PROCESS PIPE FITTINGS AND VALVES 3,31240 PROCESS PIPE FITTINGS AND VALVES

03 Aeration Basin Splitter Box 237,513

04 Rehab Existing Aeration Basins04 Rehab Existing Aeration Basins
02 SITEWORK & DEMOLITION 38,46802 SITEWORK & DEMOLITION
06 WOOD & PLASTICS 383,65806 WOOD & PLASTICS
31 EARTHWORK 2,49131 EARTHWORK
40 PROCESS PIPE FITTINGS AND VALVES 101,66840 PROCESS PIPE FITTINGS AND VALVES
46 WATER AND WASTEWATER TREATMENT PLANTS 561,98646 WATER AND WASTEWATER TREATMENT PLANTS

04 Rehab Existing Aeration Basins 1,088,272

05 Aeration Basins05 Aeration Basins
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Goodburn, Dan

WATER RE-USE STUDY - TREATMENT ALT 1

Estimate Breakdown Gross Total Cost
w/Markups

01 GENERAL CONDITIONS 75,33501 GENERAL CONDITIONS
02 SITEWORK & DEMOLITION 50,88002 SITEWORK & DEMOLITION
03 CONCRETE 890,50303 CONCRETE
05 METALS 28,40905 METALS
06 WOOD & PLASTICS 720,47506 WOOD & PLASTICS
31 EARTHWORK 1,017,21631 EARTHWORK
40 PROCESS PIPE FITTINGS AND VALVES 191,15540 PROCESS PIPE FITTINGS AND VALVES
46 WATER AND WASTEWATER TREATMENT PLANTS 509,86646 WATER AND WASTEWATER TREATMENT PLANTS

05 Aeration Basins 3,483,840

06 Aeration Blowers06 Aeration Blowers
46 WATER AND WASTEWATER TREATMENT PLANTS 619,61546 WATER AND WASTEWATER TREATMENT PLANTS

06 Aeration Blowers 619,615

08 Caustic System08 Caustic System
03 CONCRETE 82,46803 CONCRETE
22 PLUMBING 77,79222 PLUMBING
31 EARTHWORK 1,79731 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 155,17746 WATER AND WASTEWATER TREATMENT PLANTS

08 Caustic System 317,235

10 Alum System10 Alum System
03 CONCRETE 82,46803 CONCRETE
22 PLUMBING 38,89622 PLUMBING
31 EARTHWORK 1,79731 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 155,17746 WATER AND WASTEWATER TREATMENT PLANTS

10 Alum System 278,339

12 Equalization and Filter Feed System12 Equalization and Filter Feed System
01 GENERAL CONDITIONS 78,63201 GENERAL CONDITIONS
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Goodburn, Dan

WATER RE-USE STUDY - TREATMENT ALT 1

Estimate Breakdown Gross Total Cost
w/Markups

03 CONCRETE 530,17203 CONCRETE
05 METALS 9,78805 METALS
31 EARTHWORK 361,02831 EARTHWORK
40 PROCESS PIPE FITTINGS AND VALVES 87,51640 PROCESS PIPE FITTINGS AND VALVES
46 WATER AND WASTEWATER TREATMENT PLANTS 133,74246 WATER AND WASTEWATER TREATMENT PLANTS

12 Equalization and Filter Feed System 1,200,878

14 Flocculation Tanks14 Flocculation Tanks
03 CONCRETE 43,60503 CONCRETE
05 METALS 19,94105 METALS
31 EARTHWORK 22,31531 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 106,24346 WATER AND WASTEWATER TREATMENT PLANTS

14 Flocculation Tanks 192,104

16 Filters16 Filters
03 CONCRETE 146,20103 CONCRETE
31 EARTHWORK 36,99031 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 953,43546 WATER AND WASTEWATER TREATMENT PLANTS

16 Filters 1,136,626

18 Chlorination18 Chlorination
03 CONCRETE 19,15603 CONCRETE
04 STONE & MASONRY 13,63204 STONE & MASONRY
06 WOOD & PLASTICS 213,14306 WOOD & PLASTICS
46 WATER AND WASTEWATER TREATMENT PLANTS 160,93446 WATER AND WASTEWATER TREATMENT PLANTS

18 Chlorination 406,865

22 Gravity Thickener Conversion22 Gravity Thickener Conversion
02 SITEWORK & DEMOLITION 50,44702 SITEWORK & DEMOLITION
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Goodburn, Dan

WATER RE-USE STUDY - TREATMENT ALT 1

Estimate Breakdown Gross Total Cost
w/Markups

22 Gravity Thickener Conversion 50,447

23 Specialty Metals Allowance23 Specialty Metals Allowance
05 METALS 47,54205 METALS

23 Specialty Metals Allowance 47,542

24 Electrical and Instrumentation24 Electrical and Instrumentation
26 ELECTRICAL 1,418,65026 ELECTRICAL
27 COMMUNICATIONS 709,32527 COMMUNICATIONS

24 Electrical and Instrumentation 2,127,975

26 Emergency Generator26 Emergency Generator
03 CONCRETE 9,48003 CONCRETE
26 ELECTRICAL 426,05626 ELECTRICAL

26 Emergency Generator 435,536

28 Outfall Repair28 Outfall Repair
32 EXTERIOR IMPROVEMENTS 95,08432 EXTERIOR IMPROVEMENTS

28 Outfall Repair 95,084
01 12,091,799
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Project Number:     148314-001-005
Estimate Issue:     2

Due Date:     3/24/2016

WATER RE-USE STUDY - TREATMENT ALT 1 Estimator:     Goodburn, Dan

Estimate Totals

Description Rate Hours Amount Totals
Labor 12,788 hrs 1,406,957

Material 3,412,207
Subcontract 1,120,842
Equipment 62,820 hrs 275,157

Other 1,122

6,216,285 6,216,285

Contractor OH&P 10.000 % 621,628

Sales Tax - Material and Other 8.625 % 270,444

Net Markups 892,072 7,108,357

Contractor General Conditions 12.000 % 853,003

853,003 7,961,360
Undesign/Undevelop Contingency 35.000 % 2,786,476

2,786,476 10,747,836
Bonds and Insurance 3.500 % 376,174

376,174 11,124,010
Escalation to Midpoint (ALL) 8.700 % 967,789

Gross Markups 967,789 12,091,799

Total 12,091,799
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Project Number: 148314-001-005
Estimate Issue Number: 2
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WATER RE-USE STUDY - ALTERNATIVE 2 TMBR

CITY OF BENICIA
WATER RE-USE STUDY - ALTERNATIVE 2 TMBR
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Estimator Goodburn, Dan

BC Project Manager Mallika Ramanathan
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Estimate Issue No. 2
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Goodburn, Dan

WATER RE-USE STUDY - ALTERNATIVE 2 TMBR

Estimate Breakdown Gross Total Cost
w/Markups

01 01 
02 Sitework 283,31502 Sitework
03 Primary Effluent Equalization 1,517,28603 Primary Effluent Equalization
05 Caustic System 318,44205 Caustic System
07 Alum System 279,39807 Alum System
09 Secondary Effluent Pump Station 399,61109 Secondary Effluent Pump Station
11 Retrofit Exist RBC SC to TMBR 3,331,97911 Retrofit Exist RBC SC to TMBR
13 Process Aeration Blower 838,92713 Process Aeration Blower
15 UV Disinfection 1,174,81615 UV Disinfection
17 Gravity Thickener Conversion 50,64217 Gravity Thickener Conversion
18 Specialty Metals Allowance 47,72618 Specialty Metals Allowance
19 Electrical and Instrumentation 1,861,32319 Electrical and Instrumentation
21 Emergency Generator 437,15921 Emergency Generator
23 Outfall Repair 95,45223 Outfall Repair

01 10,636,076

Page 2



Estimate Summary Report 3/24/2016   4:27 PM

Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Goodburn, Dan

WATER RE-USE STUDY - ALTERNATIVE 2 TMBR

CITY OF BENICIA
WATER RE-USE STUDY - ALTERNATIVE 2 TMBR

CONCEPTUAL CLASS 5

Estimator Goodburn, Dan

BC Project Manager Mallika Ramanathan
BC Office Walnut Creek

Estimate Issue No. 2
QA/QC Reviewer Don Snowden

QA/QC Review Date 3/9/2016
BC Estimate Number 148314-001-005

Notes PROCESS LOCATION/AREA INDEX
______________________________

Treatment Alternative 1 - Tertiary Membrane Bioreactor

Page 1



Estimate Summary Report 3/24/2016   4:27 PM

Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Goodburn, Dan

WATER RE-USE STUDY - ALTERNATIVE 2 TMBR

Estimate Breakdown Gross Total Cost
w/Markups

01 01 
02 Sitework02 Sitework

01 GENERAL CONDITIONS 29901 GENERAL CONDITIONS
02 SITEWORK & DEMOLITION 12,12202 SITEWORK & DEMOLITION
03 CONCRETE 44,48103 CONCRETE
22 PLUMBING 46,27622 PLUMBING
31 EARTHWORK 17,73631 EARTHWORK
32 EXTERIOR IMPROVEMENTS 4,82632 EXTERIOR IMPROVEMENTS
33 UTILITIES 78,14933 UTILITIES
40 PROCESS PIPE FITTINGS AND VALVES 32,64340 PROCESS PIPE FITTINGS AND VALVES
46 WATER AND WASTEWATER TREATMENT PLANTS 46,78346 WATER AND WASTEWATER TREATMENT PLANTS

02 Sitework 283,315

03 Primary Effluent Equalization03 Primary Effluent Equalization
06 WOOD & PLASTICS 1,189,95006 WOOD & PLASTICS
40 PROCESS PIPE FITTINGS AND VALVES 97,60940 PROCESS PIPE FITTINGS AND VALVES
46 WATER AND WASTEWATER TREATMENT PLANTS 229,72746 WATER AND WASTEWATER TREATMENT PLANTS

03 Primary Effluent Equalization 1,517,286

05 Caustic System05 Caustic System
03 CONCRETE 82,78103 CONCRETE
22 PLUMBING 78,08722 PLUMBING
31 EARTHWORK 1,80431 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 155,76946 WATER AND WASTEWATER TREATMENT PLANTS

05 Caustic System 318,442

07 Alum System07 Alum System
03 CONCRETE 82,78103 CONCRETE
22 PLUMBING 39,04322 PLUMBING
31 EARTHWORK 1,80431 EARTHWORK
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Goodburn, Dan

WATER RE-USE STUDY - ALTERNATIVE 2 TMBR

Estimate Breakdown Gross Total Cost
w/Markups

46 WATER AND WASTEWATER TREATMENT PLANTS 155,76946 WATER AND WASTEWATER TREATMENT PLANTS
07 Alum System 279,398

09 Secondary Effluent Pump Station09 Secondary Effluent Pump Station
01 GENERAL CONDITIONS 33,13801 GENERAL CONDITIONS
03 CONCRETE 62,81303 CONCRETE
05 METALS 6,55005 METALS
31 EARTHWORK 112,89231 EARTHWORK
40 PROCESS PIPE FITTINGS AND VALVES 78,08740 PROCESS PIPE FITTINGS AND VALVES
46 WATER AND WASTEWATER TREATMENT PLANTS 106,13146 WATER AND WASTEWATER TREATMENT PLANTS

09 Secondary Effluent Pump Station 399,611

11 Retrofit Exist RBC SC to TMBR11 Retrofit Exist RBC SC to TMBR
02 SITEWORK & DEMOLITION 79,74602 SITEWORK & DEMOLITION
03 CONCRETE 76,72503 CONCRETE
05 METALS 159,21805 METALS
06 WOOD & PLASTICS 142,62706 WOOD & PLASTICS
31 EARTHWORK 7,09131 EARTHWORK
40 PROCESS PIPE FITTINGS AND VALVES 102,06240 PROCESS PIPE FITTINGS AND VALVES
46 WATER AND WASTEWATER TREATMENT PLANTS 2,764,51046 WATER AND WASTEWATER TREATMENT PLANTS

11 Retrofit Exist RBC SC to TMBR 3,331,979

13 Process Aeration Blower13 Process Aeration Blower
46 WATER AND WASTEWATER TREATMENT PLANTS 838,92746 WATER AND WASTEWATER TREATMENT PLANTS

13 Process Aeration Blower 838,927

15 UV Disinfection15 UV Disinfection
03 CONCRETE 63,85803 CONCRETE
31 EARTHWORK 65,13931 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 1,045,81946 WATER AND WASTEWATER TREATMENT PLANTS
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Goodburn, Dan

WATER RE-USE STUDY - ALTERNATIVE 2 TMBR

Estimate Breakdown Gross Total Cost
w/Markups

15 UV Disinfection 1,174,816

17 Gravity Thickener Conversion17 Gravity Thickener Conversion
02 SITEWORK & DEMOLITION 50,64202 SITEWORK & DEMOLITION

17 Gravity Thickener Conversion 50,642

18 Specialty Metals Allowance18 Specialty Metals Allowance
05 METALS 47,72605 METALS

18 Specialty Metals Allowance 47,726

19 Electrical and Instrumentation19 Electrical and Instrumentation
26 ELECTRICAL 1,240,88226 ELECTRICAL
27 COMMUNICATIONS 620,44127 COMMUNICATIONS

19 Electrical and Instrumentation 1,861,323

21 Emergency Generator21 Emergency Generator
03 CONCRETE 9,51603 CONCRETE
26 ELECTRICAL 427,64326 ELECTRICAL

21 Emergency Generator 437,159

23 Outfall Repair23 Outfall Repair
32 EXTERIOR IMPROVEMENTS 95,45232 EXTERIOR IMPROVEMENTS

23 Outfall Repair 95,452
01 10,636,076
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Project Number:     148314-001-005
Estimate Issue:     2

Due Date:     3/24/2016

WATER RE-USE STUDY - ALTERNATIVE 2 TMBR Estimator:     Goodburn, Dan

Estimate Totals

Description Rate Hours Amount Totals
Labor 6,050 hrs 749,898

Material 3,587,528
Subcontract 975,157
Equipment 9,741 hrs 104,501

Other 990

5,418,074 5,418,074

Contractor OH&P 10.000 % 541,807

Sales Tax - Material and Other 8.625 % 292,706

Net Markups 834,513 6,252,587

Contractor General Conditions 12.000 % 750,310

750,310 7,002,897
Undesign/Undevelop Contingency 35.000 % 2,451,014

2,451,014 9,453,911
Bonds and Insurance 3.500 % 330,887

330,887 9,784,798
Escalation to Midpoint (ALL) 8.700 % 851,277

Gross Markups 851,277 10,636,075

Total 10,636,075
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Section 1: Introduction  
The City of Benicia (City) currently supplies the Valero Benicia Refinery (Refinery) with approximately 4 million 
gallons per day (mgd) (equivalent to 4,480 acre-feet per year [AFY]) of raw water for cooling tower makeup 
water, boiler feed water, and other process uses. The Refinery’s cooling tower and boiler feed water 
demands represent approximately 40 percent of the City’s total water supply. Due to the recent drought 
periods in California and reductions in raw water allocations, the long-term reliability of the City’s water 
supplies is uncertain. For this reason, in 2015, the City retained Brown and Caldwell to evaluate the 
feasibility of producing and delivering approximately 2 mgd (2,240 AFY) of recycled water to the Refinery for 
use as cooling tower makeup water and to other City customers for non-potable uses.  

This technical memorandum (TM) was prepared as part of the City’s Water Reuse Feasibility Study and has 
the following objectives: 
• To summarize, evaluate and select a preferred pipeline alignment, 
• To develop and evaluate conveyance scenarios for recycled water delivery to the Refinery and City 

customers for non-potable uses.  

Section 2: Evaluation Criteria 
A two-step evaluation using criteria described in the following sections was completed. The pipeline 
alignment alternatives developed were evaluated in the first step against a baseline condition within each of 
the criterion. The same criterion was used in the second step which evaluated the conveyance scenarios 
that had been developed.  

2.1 Permitting Requirements 
Permitting for the construction of a new pipeline, storage tank, and pump station can often result in a 
significant number of environmental constraints that must be mitigated. This criterion considered the 
impacts associated with potential and/or likely mitigation measures that would be required to construct and 
operate the new recycled water conveyance system. Also considered within this criterion is the number and 
type of permits needed as well as an assessment of time to obtain such permits that can greatly impact the 
construction cost and schedule. This criterion only makes an assessment of the permits required to 
construct the facilities, any public disruption impacts as a result of construction are considered in the 
constructability and aesthetics criteria. 

2.2 Ease of Operations and Maintenance 
This criterion considers the complexity of performing routine operation and maintenance (O&M) activities 
and identifies the potential for long term challenges to the City. Ease of access to the pipeline is a primary 
consideration under this criterion because direct access to equipment such as isolation valves, air valves, 
and blow-offs are needed to operate and maintain the conveyance system. Limited access to such 
equipment can present challenges to the successful O&M of the conveyance system.  
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2.3 Reliability 
This criterion evaluates the reliability of recycled water delivery to the Refinery by considering the features 
such as the long-term seismic reliability of the facilities or the ability to deliver either recycled or potable 
water during service interruptions for a 24-hour period until the Refinery can switch to raw water for cooling 
tower supply (e.g., off-specification water, pipe or equipment failure, and lack of supply).  

2.4 Constructability 
This criterion assesses the difficulties associated with construction of the pipeline, pump station(s) and 
storage facilities. Several factors can impact the difficulty of construction, including unusual/uncommon 
construction techniques, construction constraints, soil conditions that may limit construction methods, 
groundwater depth/need for construction dewatering, shoring, and limitations to construction staging areas. 
Also considered under this criterion is the number of utility owners that need to coordinated with which 
provide an assessment on the potential number of utility conflicts that would need to be addressed to 
construct the pipeline. 

2.5 Easement Acquisition  
If the recycled water pipeline and pump station facilities are located on private property or other public 
agencies, the City will need to obtain right-of-way (ROW) access (easements) for construction and O&M 
activities. Alternatives that include facilities located on private property must consider the difficulty 
associated with obtaining easements. Easement acquisition considers the long term permanent easement 
where the facilities are located as well as temporary construction easements that would be needed to 
provide access and space for construction. The City must follow State requirements to obtain easements 
include offering fair market value for the easement. Obtaining easements in accordance with the State 
requirements add to the total cost of the project. Additionally, the process to obtain the easements can take 
considerable time and impact the overall project schedule.  

This criterion does not assess the cost of obtaining easements but assesses the difficulty by considering the 
number of easements that would be required and the potential for schedule impacts. 

2.6 Greenhouse Gas Emissions/Carbon Footprint 
This criterion considers energy requirements, truck traffic for operation of the facilities, and if the existing 
structures are repurposed to minimize new construction. 

2.7 Future Flexibility 
The City would like to have the ability to extend the recycled water distribution network in the future to add 
more customers. This criterion considers the ease of delivering recycled water to other City customers in the 
future.  

2.8 Aesthetics 
This criterion evaluates the long term aesthetics of an alternative. Considerations include the visibility, odor, 
and noise impacts associated with the O&M of the alternative. Temporary impacts, such as visibility or noise 
during construction, are also considered. 
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2.9 Economics  
The economics criterion includes construction costs and annual operating and life cycle costs. For pipeline 
alignment screening, only conceptual level construction costs were developed and used for the economics 
criterion. Capital, annual operating costs and a life cycle costs were developed for the conveyance scenarios.  

Construction costs developed for the pipeline alignment and conveyance scenarios were based on actual 
construction bids for several recent, San Francisco Bay Area projects. A 35 percent contingency factor has 
been added to the estimated cost which is a Class V estimate. A summary of the development of the cost is 
provided in Attachment A.  

Section 3: Pipeline Alignment Selection 
The following sections summarize the alternative alignments developed and screened using the evaluation 
criteria described in Section 2. The conclusion of the screening analysis identified the preferred alignment 
that was used for the development of conveyance scenarios discussed in Section 4. For all the alternatives, 
the recycled water pipeline was assumed to have a nominal diameter of 12 inches. 

3.1 Description of Alternative Alignments 
Three alternative alignments were developed as shown on Figure 3.1. Alternative 1 utilizes the existing 
above grade pipe racks owned by the Refinery. Alternative 2 stays within City streets and existing City rights-
of-way. Alternative 3 is a hybrid between Alternatives 1 and 2, with nearly half of the alignment within City 
streets and half located within the Refinery on above-grade pipe racks.  

3.1.1 Alternative 1 – Refinery Pipe Rack Alignment 
Alternative 1 generally follows the existing above-grade pipe rack owned and operated by the Refinery. This 
16,870 linear foot (lf) alignment is broken into five (5) segments starting at northeast corner of the City’s 
wastewater treatment plant (WWTP) and terminating at the Terminal Day Tank located west of the Refinery’s 
cooling towers. As noted below, segments of the pipeline would be below-grade, constructed with polyvinyl 
chloride (PVC) pipe material using open cut methods. Above-grade segments would be constructed with steel 
pipe and steel supports. Each of the segments are described below and shown on Figure 3.1.  

Segment A – City ROW (WWTP to pipe rack):  The Alternative 1 pipeline alignment begins at the northeast 
corner of the City’s WWTP at East 6th Street and East F Street and would be located below grade in City 
ROWs heading north along East 6th Street, turning east to be routed along H Street where it would transition 
to above grade at the start of Segment B. This segment is approximately 1,250 lf and would not require 
permanent or temporary construction easements. 

Segment B – Abandoned Pipe Rack: This segment starts at the termination of Segment A at the end of 
East H Street, transitions to above grade and would be located on the existing pipe rack. This 1,470 lf 
segment traverses in a generally north direction to the end of the pipe rack east of East L Street where 
Segment C begins. The Refinery provided information noting these pipelines and the pipe rack have been 
abandoned; therefore, Segment B assumes the existing/abandoned pipes could be removed to 
accommodate the recycled water pipeline, both in terms of making space available as well as to allow for the 
reduction of loading on the pipe racks. Minimal structural improvements to the existing pipe racks along this 
segment were assumed. Three permanent or temporary construction easements on commercial/industrial 
properties would be required for this segment. This effort could be significant if the Refinery’s easements 
along the pipe rack are still active and are exclusive; the Refinery would either have to terminate the 
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easement or make revisions to the existing easement to allow the City the ability to be within the exclusive 
easement. 

Segment C – City ROW: At the end of Segment B, the pipeline would transition to below grade and be routed 
in City streets. The 2,180 lf alignment starts and the end of East L Street and heads west, turns north along 
East 7th Street, then heads east along Military East, north along Hospital Road to the “Y” on the Refinery Pipe 
Rack system. No permanent or temporary construction easements would be required for this segment. 

Segment C Option– City ROW:  An alternative to the Segment C described above (identified as Segment C 
Option) was also considered which would have the pipeline continuing within the Valero easement to 
traverse in a northeast direction below grade through private property for 790 lf then transition to above 
grade and be located on the existing pipe rack that has been abandoned by the Refinery for 240 lf before 
ending at the “Y” on the Refinery Pipe Rack system. There are existing crude oil pipelines that have been 
abandoned by the Refinery which transition below grade in the same alignment as the Segment C Option. 
However, based on information provided by the Refinery these below grade existing pipes were filled; 
therefore, it is assumed the pipes cannot be reused. Construction of this option would consider trenchless 
(bore and jack) or open cut. For the purposes of cost estimating, this option assumes open cut. Two 
permanent and temporary construction easements on homeowner’s associations/private home properties 
will be needed on which could require significant work to obtain. 

Segment D – Refinery Pipe Rack (easement):  At the end of Segment C/Segment C Option, the pipe would 
transition to above-grade and be located on the existing pipe rack located within in an existing Refinery 
easement. From the termination of Segment C to the point of connection on at the Refinery, the pipes and 
pipe rack system are in use and will remain as such for the life of this project. This 3,700 lf alignment is 
routed along Hospital Road and a gravel road, heading in a generally northward direction prior to ending at 
Refinery property on Park Street. It is assumed this segment would require an extension on the pipe rack 
system to accommodate the new recycled water pipe. This segment of the pipeline would be owned by the 
City but could be operated and maintained by the Refinery to prevent multiple parties responsible for 
differing portions of the pipes and pipe rack system. Up to four permanent and temporary construction 
easements on commercial/industrial properties would be needed for this segment. Similarly, to Segment B, 
these easements could require significant work to obtain if the Refinery easements are exclusive. 

Segment D Option – Refinery Pipe Rack (easement):  From the northern termination of Segment C, an 
alternative Segment D alignment was considered which would have the pipeline located below grade in 
Hospital Road instead of being located on the existing pipe rack and continue along the gravel/dirt road that 
parallels the pipe rack. This alignment option is approximately 3,770 lf and would require up to two 
permanent and temporary construction easements on commercial/industrial properties. Similar to 
Segment D, four permanent and temporary construction easements on commercial/industrial properties 
would be needed for this segment which could require significant work to obtain if the Refinery easements 
are exclusive. 

Segment E – Refinery Pipe Rack:  This 8,270 lf alignment segment would route pipeline along the 
southwestern side of the Asphalt Plant and the Refinery. The portion along the Asphalt plant would be 
located on the existing pipe rack and the remaining portion would be a combination of buried and above-
grade on a new separate pipe rack, as required by the Refinery. The entire segment of the pipeline would be 
owned by the City but operated and maintained by the Refinery. One permanent and temporary construction 
easement was assumed to be required for the multiple Refinery-owned parcels (both the Asphalt Plant and 
Refinery property itself) that the alignment traverses. 

Segment E Option – Refinery Pipe Rack:  This option to Segment E includes continuing the pipe on the 
above-grade pipe rack located on Refinery property. An extension to the pipe rack would be required for the 
majority of this 7,470 lf segment routed through the Refinery. This segment of the pipeline would be owned 
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by the City but operated and maintained by the Refinery and would require one permanent and temporary 
construction easement on the Refinery-owned parcels. 

3.1.2 Alternative 2 – City ROW Alignment 
Alternative alignment 2 is generally within City ROWs and existing City easements. This 14,500 lf alignment 
is broken into four (4) segments starting at northwest corner of the City’s WWTP and terminates at Terminal 
Day Tank located west of the Refinery’s Cooling Towers. The following provides a description and 
assumptions for each Segment which assumes PVC pipe and open cut construction. The alignment is shown 
on Figure 3.1. 

Segment A – East 5th Street:  The Alternative 2 pipeline alignment begins at the northwest corner of the 
City’s WWTP at East 5th Street and East F Street. A below-grade pipeline would follow the City ROW north 
along East 5th Street for 5,760 lf. No easements were assumed to be needed for the location and 
construction of this segment; however, an encroachment permit from Caltrans is assumed to be required for 
the crossing of Interstate 780. 

Segment B – City Easement:  Segment B begins at the termination of Segment A, on the north end of East 
5th Street. Segment B is routed westerly along the backside of the homes and is located within an existing 
City easement. This segment is approximately 2,210 lf and terminates at East 2nd Street near the City 
Corporation Yard. It is assumed there is sufficient space available within the existing permanent easement 
to locate this segment of the alignment; however, the permanent easement is not likely large enough for 
construction so one temporary construction easement would be required on the Refinery-owned open space 
parcel.  

Segment B Option – Hillcrest Avenue:  An alternative to locating the pipe in the Segment B City easement, 
would be to route Segment B westerly down Hillcrest Avenue, and then to proceed north along East 2nd 
Street and terminate at the City Corporation Yard. The Segment B Option is approximately 2,410 lf (645 lf of 
Segment A would not be needed) and no permanent or temporary construction easements would be needed. 

Segment C – East 2nd Street:  At the end of Segment B, the pipeline would be routed northward along East 
2nd Street from the termination of Segment B at the City Corp Yard to the Refinery Main Gate. This 4,220 lf 
segment would not require permanent or temporary construction easements. 

Segment D – Refinery:  At the termination of Segment C, the pipeline would continue below-grade along the 
roadway for approximately 1,550 lf to an above-grade pipe rack. The pipe would transition to above-grade 
and be located on an extension to the existing pipe rack for 760 lf to the point of connection at the Refinery 
cooling towers. Once on the Refinery property, the pipe would transition to welded steel material, and would 
be City-owned but operated and maintained by the Refinery. One permanent and temporary construction 
would be required for this segment. 

3.1.3 Alternative 3 – Hybrid Alignment 
Alternative alignment 3 is a hybrid between Alternatives 1 and 2 where a portion of the alignment is located 
within City ROWs and the other portion is along a new or existing pipe rack within the Refinery property. This 
13,100 lf alignment is broken into three (3) segments starting at northwest corner of the City’s WWTP and 
terminating at Terminal Day Tank located west of the Refinery’s cooling towers. Since this alternative is a 
hybrid, a combination of below-grade PVC pipe with open cut construction, and above-grade welded steel 
pipe would be required. The following provides a description for each Segment shown on Figure 3.1. 
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Figure 3-1. Pipeline alignment and conveyance scenarios TM alternative alignments 

October 2016  



Technical Memorandum 3 Pipeline Alignment Alternatives and Conveyance Scenarios 
 

 
8 

Use of contents on this sheet is subject to the limitations specified at the beginning of this document. 
Pipeline Alignment and Conveyance Scenarios TechMemo3_Draft.docx 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 

 



Technical Memorandum 3 Pipeline Alignment Alternatives and Conveyance Scenarios 
 

 
9 

Use of contents on this sheet is subject to the limitations specified at the beginning of this document. 
Pipeline Alignment and Conveyance Scenarios TechMemo3_Draft.docx 

Segment A – East 5th Street:  This segment is the same as Segment A for Alternative 2, with the alignment 
beginning at the northwest corner of the City’s WWTP at East 5th Street and East F Street and located below 
grade in City ROW heading north along East 5th St for 5,760 lf. No easements are needed for the location 
and construction of this segment; however, an encroachment permit from Caltrans is assumed to be 
required for the crossing of Interstate 780.  

Segment B – Refinery Open Space:  This segment starts at the termination of Segment A, at the end of East 
5th Street, north of Hillcrest Avenue. The pipeline would be routed north through Refinery open space 
property and would intersect an existing pipe rack along the west side of the Refinery, north of the Asphalt 
plant. This segment is approximately 2,340 lf and would be constructed of PVC pipe material installed using 
open cut methods. This segment of the pipeline would be City-owned but operated and maintained by the 
Refinery; therefore, one permanent and temporary construction would be required for this segment on the 
Refinery-owned open space parcel. 

Segment C – Refinery Pipe Rack:  At the end of Segment B, the pipeline would continue along the west side 
of the Refinery and would transition to above-grade welded steel at an existing pipe rack for approximately 
2,850 lf. A new pipe rack was assumed to be needed for the segment. South of the Refinery Administration 
Building, the pipeline would turn east and be located on an extension of the existing pipe rack for 
approximately 2,150 lf to the point of connection at the Cooling Towers. This segment of the pipeline would 
be owned by the City but operated and maintained by the Refinery and would require one permanent and 
temporary construction.  

3.1.4 Additional Considerations 
As summarized in the Treatment Alternatives TM, the historical Refinery cooling tower maximum month 
demand occurs May through September and demand ranges between approximately 1.9 to 2.0 mgd. The 
historical cooling tower peak day demand was determined to be 2.3 mgd and the historical peak hour 
demand (on a peak day) was determined to be approximately 2.6 mgd. The City’s effluent supply during the 
months of May through September has historically been between 1.7 to 2.0 mgd. During non-drought years, 
there is adequate supply to meet the maximum month demands and storage would be used to meet peak 
day demands. During more severe drought years or back to back peak day demands, supply may be limited 
as a result of conservations measures and blending recycled water with raw or potable water may be 
needed. A minimum storage volume of 0.5 million gallon (mg) (working volume) would meet peak day 
demands 95 percent of the time (refer to Treatment Screening and Alternatives TM for additional details). A 
2 mg recycled water storage tank was estimated to provide the ability to meet peak day demands 
98 percent of the time.  

For the pipeline alignment analysis, conveyance facilities were evaluated based on the delivering recycled 
water to meet the Refinery diurnal demands (1.5 to 2.6 mgd). Therefore, it was necessary to consider the 
potential pumping and storage requirements that would be required for each alternative as part of the 
pipeline alternatives screening. These considerations are primarily needed for the development of 
construction costs for the alignment alternatives and were further developed for the conveyance scenarios. 
Below are the assumptions for the storage and pump station facilities that would be required for each of the 
alternative alignments.  

Alternative 1 Storage and Pump Station Considerations:  The City identified an existing 2 mg below-grade 
tank near Park Road and Interstate 780 that had potential to be used for recycled water storage. The tank 
was constructed by the US Army in 1881 and later used by the City for potable water storage but was 
decommissioned in the 1960s. BC performed a preliminary visual inspection of the tank to identify the 
structural improvements necessary to place the tank back in service. Attachment B includes a summary of 
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the findings and pictures of the existing tank. Significant structural improvements were determined to be 
necessary to meet current seismic code and provide a structurally sound storage tank. 

If the tank were repurposed for recycled water storage, a 2.6 mgd booster pump station at the tank site 
would be required to pump recycled water from the tank to the Refinery. The booster pump station would be 
in addition to a 2.0 mgd pump station located at the WWTP to pump recycled water to the tank and Refinery. 

Alternative 2 Storage and Pump Station Considerations:  A new 1 mg storage tank located at the high point 
along the pipeline alignment was included in this alternative. By locating the tank at the high point, the need 
for a booster pump station could be eliminated such that only a 2.6 mgd pump station at the WWTP would 
be needed. Recycled water would flow by gravity to the Refinery cooling towers from the storage tank. 

Alternative 3 Storage and Pump Station Considerations:  A new 1 mg storage tank located at the WWTP was 
included in this alternative. A single 2.6 mgd pump station designed to pump average and peak hour flows 
to the Refinery would be located at the WWTP.  

3.2 Pipeline Alternatives Alignment Screening 
The alignment alternatives were evaluated using the criteria discussed in Section 2 against a baseline 
condition to provide a comparative analysis of the advantages and disadvantages of the alternatives. The 
baseline condition used for alignment evaluation was Alternative 1, the above-grade pipeline constructed on 
the existing Refinery pipe racks. As compared to the baseline condition, alternatives that are more favorable 
within a criterion were assigned a “+” rating, alternatives that are equivalent within a criterion were assigned 
a “0” rating, and alternative less favorable within a criterion were assigned a “-“ rating. The following 
subsections provide details of the evaluation. In some instances, a “++” rating was necessary since both 
alternatives were more favorable than the baseline condition and a differentiator between the two more 
favorable alternatives was necessary. 

3.2.1 Permitting Requirements  
Alternative 2 was determined to be the most favorable option with respect to permit requirements because 
few permits are anticipated with this alignment since it is primarily located within already disturbed City 
roads and ROWs. Associated mitigation measures for Alternative 2 were determined to be minimal and 
primarily associated with traffic control measures that would be necessary for construction within the City 
streets which would be slightly increased with the selection of Segment B Option. The open space to the 
south of the City’s WWTP was previously identified as potential wetlands; therefore, it is expected some 
potential mitigation measures or constraints could be imposed on Alternative 1 as a result of Segment A 
being in close proximity to this area. Additionally, Segment C of Alternative 1 is located in a historic area, 
known as the Benicia Arsenal, and may contain cultural resources thereby requiring additional mitigation 
measures and permitting constraints which would not likely be reduced with the selection of Segment C 
Option. It is anticipated that mitigation measures or constraints would be imposed for Alternative 3 as a 
result of Segment B traversing through an open space area that once housed US Army ammunition bunkers 
which results in Alternative 3 being slightly less favorable compared to Alternative 2 but more favorable than 
the baseline condition.  

All three alternative alignments would require a permit from Caltrans to cross Interstate 780 but it is 
anticipated this effort would not be extensive since each crossing occurs within an existing City road 
underpass where there is sufficient clearance for construction. Alternatives 2 and 3 assume open-cut 
construction for the pipe at the 780 overpass. The pipe would continue on the existing pipe rack for 
Alternative 1 at the Interstate 780 overpass. 
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3.2.2 Ease of O&M 
Alternative 2 is the most favorable alignment with respect to ease of O&M because the pipeline is located 
entirely within City roads and existing ROWs which facilitates access to the pipeline facilities. Additionally, 
Alternative 2 would be constructed of similar pipe material and in a similar location of other existing City 
pipelines, such that O&M practices would be similar to current day practices with water distribution systems. 
In comparison, Alternative 1 primarily consists of above-grade pipe which will be more difficult to access on 
the pipe racks. 

Since Alternatives 1 and 3 include locating the pipe on Refinery property, access for O&M would be more 
challenging for the City. Preliminary discussions between the City and Refinery included considering City 
ownership of the pipelines, with the Refinery being responsible for O&M. This division of ownership and O&M 
would add complexity to the project and would require development and execution of agreements which 
could be time consuming and result in delays. Since Alternative 3 has less pipeline length on Refinery 
property and does not include a booster pump station as is the case with Alternative 1, it is more favorable 
compared to Alternative 1.  

3.2.3 Reliability  
Alternatives 1 and 3 are less favorable with respect to reliability since significant portions of the pipe are 
exposed and vulnerable to Refinery operations and seismic events which increase the likelihood of damage. 
Since Alternative 3 has less footage of pipe on existing pipe racks and within Refinery property and does not 
include a booster pump station, it is more favorable than Alternative 1; however, the most favorable is 
Alternative 2.  

3.2.4 Constructability  
Alternative 2 is the most favorable relative to constructability since it is utilizing traditional open-cut pipeline 
construction in existing City roadways. Though temporary traffic impacts may be greater with Alternative 2, 
construction is expected to be less challenging in comparison to the other alternatives which are located on 
Refinery property. Significant coordination with the Refinery for construction of a pipeline on Refinery-owned 
pipe racks and in active areas makes Alternatives 1 and 3 less favorable to Alternative 1.  

As a result of being located above grade, only welded steel pipe material would be permitted and specialty 
contractors would be needed for construction of the pipeline on the existing or new pipe racks. These 
construction conditions also result in additional safety measures required for Alternatives 1 and 3 which 
increase the difficulty of construction. Alternative 3 is slightly more favorable since less footage of the pipe is 
above-grade on new or existing pipe racks. Additionally, while it is assumed the pipe material for Alternative 
2 is PVC, other materials such as high-density poly ethylene or even ductile iron could be considered and 
included in the design to increase bidding competition. 

An underground service alert (USA) Design Inquiry for all three alternatives was performed and identified 
similar utility owners for each of the alignments. Results of this inquiry are provided in Attachment C. Given 
the minor difference between number of possible utilities for each alternatives, this consideration was not a 
determining factor for the evaluation of pipeline alignments in this criterion. 

3.2.5 Easement Acquisition  
Alternative 1 will require up to eight permanent and temporary easements because the existing pipe racks 
are located on private property and/or Refinery property. As discussed in Section 3.1.1, obtaining some of 
these easements for Alternative 1 could be challenging if the Refinery has exclusive easement rights for the 
pipe rack. 
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Alternative 3 will only require one permanent and temporary construction easement. Though Segment B of 
Alternative 2 will not require a permanent easement, a temporary construction easement will be needed to 
support the construction along the exiting ROW. This makes Alternative 2 the most favorable and 
Alternative 1 the least. 

3.2.6 Greenhouse Gas Emissions/Carbon Footprint  
While Alternatives 2 and 3 are anticipated to have slightly higher temporary emissions as a result of truck 
traffic to haul soil for the open cut construction, Alternative 1 will have higher long term emissions due to the 
operation of the booster pump station. Therefore, all three alternatives are relatively equal within this 
criterion. 

3.2.7 Future Flexibility  
A preliminary analysis of potential recycled water customers was conducted to support the project and the 
pipeline screening effort. This analysis utilized existing City water meter data to identify irrigation and 
industrial customers within one half mile of each pipeline alternative alignment that could potentially be 
served with recycled water as part of this project or in the future. The number of customers along or within a 
quarter mile of a pipeline alternative alignment were identified and the total associated demand was 
assessed for the evaluation of future flexibility. The customers identified and the associated demands can 
be found in Attachment D. 

It was found that up to 10 customers with an average demand of 0.031 mgd could be served by 
Alternative 1. Alternative 2 could provide recycled water service for up to 9 customers with a demand of 
0.037 mgd with an additional 0.010 mgd demand for 6 customers that could be served if Segment B Option 
was selected. A demand of 0.030 mgd for 7 customers could be serviced with Alternative 3. These results 
illustrate that each alternative is relatively equal since each alternative could provide recycled water on the 
same order of magnitude to other City customers. Overall, Alternative 2 does provide the most flexibility 
given that it has the potential to serve the highest number of customers with a higher demand. 

3.2.8 Aesthetics  
Alternative 2 has minimal long term aesthetic impacts as a result of the pipeline being located below-grade 
with the only visible facilities being air valves; therefore, this alternative is the most favorable. Alternative 3 
is second most favorable since the most publically visible segment (Segment A), is located below-grade and 
the remaining segments are on Refinery property and generally out of view. 

Alternative 1 is the least favorable because the majority of the pipeline is located above-grade. While this 
alternative utilizes existing above-grade facilities (i.e., it does not necessarily decrease aesthetics), it does 
prevent these existing above-grade facilities from being removed. Alternative 1 would also have additional 
noise impacts due to the booster pump station at the City’s 2 mg storage tank site. 

3.2.9 Economics  
As noted in Section 3.1.4, pumping and storage facilities were included in the development of the 
construction costs for the alignment evaluation. The unit costs used were $22/lf/inch-diameter for a pipe 
located in developed (paved) areas and $15/lf/inch-diameter for a pipe located in undeveloped (non-paved) 
areas. The unit costs for a pipe on an existing pipe rack where not improvements to the rack is necessary 
use was $20/lf/inch-diameter, $58/lf/inch-diameter for the pipe with an extension on an existing pipe rack, 
and $65/lf/inch-diameter for a pipe on a new pipe rack. 
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Alternative 1 assumed the reuse of the existing 2 mg storage tank off of Park Road near Interstate 780. The 
reuse of this tank would require significant structural improvements to the interior of the tank, a new roof 
system, and stabilization of the hillside for seismic support. In addition to a 2.0 mgd pump station located at 
the WWTP, a 2.6 mgd booster pump station would be required at the storage tank to pump water from the 
tank to the Refinery. The construction cost of Alternative 1 was determined to be $18.5 million  

Alternative 2 would have a new 1 mg storage tank located at the highpoint along the pipeline, near the City 
Corporation Yard. By locating the storage tank at the highpoint, recycled water could flow by gravity to the 
Refinery. Therefore, the only pumping facilities would be a 2.6 mgd pump station located to the WWTP. Total 
construction cost for this alternative was determined to be $8.3 million. 

A total construction cost of $9.1 million was determined for Alternative 3, which includes a new 1 mg 
storage tank and 2.6 mgd pump station located at the WWTP.  

Based on these construction cost estimates, Alternative 2 is the most favorable within this criterion and 
Alternative 1 least favorable. 

Attachment A provides a breakdown of construction costs and assumptions for each alternatives as well as 
the segment options. 

3.2.10  Alignment Screening Summary 
Table 3-1 below provides a summary of the screening results for each of the alternatives within each 
evaluation criterion. Based on the evaluation, Alternative 2 is the most favorable pipeline alignment. This 
alignment was used to develop three conveyance scenarios which are discussed in Section 4.  

 
Table 3-1. Pipeline Screening  

Criteria Alternative 1 Alternative 2 Alternative 3 

Permitting requirements 0 + 0 

Ease of operations & maintenance 0 ++ + 

Reliability 0 ++ + 

Constructability 0 ++ + 

Easement acquisition 0 ++ + 

Greenhouse gas emissions/carbon footprint 0 0 0 

Future flexibility 0 + 0 

Aesthetics 0 ++ + 

Estimated probable construction cost 
0 

$18.5 million 
++ 

$8.3 million 
+ 

$9.1 million 
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Section 4: Conveyance Scenarios Development and Evaluation 
The following sections summarize the conveyance scenarios developed and evaluated using criteria 
described in Section 2.  

4.1 Conveyance Scenarios 
Three conveyance scenarios were developed, using Alignment Alternative 2, to consider different storage 
tank locations and associated pump station facilities required for storage and conveyance of recycled water 
to the Refinery. Each conveyance scenario includes:  
• One pump station at the WWTP, though the size varies with each scenario. 
• Equalization at the WWTP to maintain recycled water production at a constant flow rate of 2.0 mgd. 
• Facilities sized to meet diurnal demands of the Refinery cooling towers (1.5 to 2.6 mgd). 
• A facility to blend recycled water and potable water at the WWTP so that recycled water quality 

specifications can be met. Section 4.1.4 includes additional details on recycled water blending. 
• A 14-inch diameter pipeline. The size was increased from the 12-inch diameter assumed during the 

pipeline alternatives alignment screening to reduce pump sizes, pipeline pressure, and demand. 

The following sections discuss the details of each conveyance scenario. It should be noted that recycled 
water storage for the three scenarios could range from 0.5 to 2.0 mg. As noted in the Treatment Alternatives 
TM, a minimum recycled water storage volume of 0.5 mg was identified to meet peak month demand.  

4.1.1 Conveyance Scenario 1 – Storage at WWTP  
Conveyance Scenario 1 consists of a 0.5 mg of storage located at the WWTP and a recycled water pump 
station designed to pump and deliver recycled water flows between 1.5 mgd to 2.6 mgd, to meet Refinery 
diurnal demands. Figure 4.1 provides a schematic of Conveyance Scenario 1. Blending of recycled water and 
potable water would occur upstream of the pump station, and the 0.5 mg of storage could be accomplished 
by increasing the pump station wet well size. This scenario has the advantage of locating all recycled water 
facilities at a common City owned site. Disposal of off-specification water is more easily facilitated since the 
nearby existing outfall could be utilized for discharge. The primary disadvantage of this scenario is that the 
conveyance facilities are designed to deliver peak hour flows, resulting in higher energy costs. 

 

  
Figure 4-1. Conveyance scenario 1 
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4.1.2 Conveyance Scenario 2 – Storage at City Corporation Yard  
Conveyance Scenario 2 consists of pumping recycled water from the WWTP at a constant rate of 2.0 mgd to 
a 0.5 mg recycled water storage tank located at the City Corporation Yard on East 2nd Street. The City 
Corporation Yard is not located at a high point along the pipeline alignment as assumed for the pipeline 
alternatives alignment screening; however, it is a City-owned property with adequate space for locating a 
storage tank which reduces challenges with siting a storage tank on private property at the high point. 
Because the site is not a high point, a booster pump station would be needed to deliver recycled water from 
the tank to the Refinery. The booster pump station would be designed to pump flows between 1.5 mgd and 
2.6 mgd to the Refinery’s cooling towers. While blending recycled water with potable water could occur at 
the tank site, it was assumed that blending to meet recycled water specifications would be done at the 
WWTP. This avoids delivery of off-specification water to the storage tank, and the need to drain the off 
specification water from the storage tank. A schematic of Conveyance Scenario 2 is shown on Figure 4.2. 

 

 
Figure 4-2. Conveyance scenario 2 

 

This scenario has the advantage of locating all recycled water facilities at a common City-owned site and 
minimizes the size of the conveyance facilities between the WWTP and the City Corporation Yard. The 
primary disadvantage to this scenario is that it requires construction and O&M of two pump stations.  

4.1.3 Conveyance Scenario 3 – Storage at Refinery 
Conveyance Scenario 3 consists of a 0.5 mg storage tank located at the Refinery with a 2.0 mgd pump 
station located at the WWTP as shown on Figure 4.3. Blending, with potable water, would be performed at 
the WWTP so that all water delivered to the Refinery meets water quality requirements. The primary 
advantage of this scenario is that the conveyance facilities are designed to pump an average flow rate of 
2.0 mgd, which reduces construction and energy costs of the project in comparison to the other scenarios.  
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Figure 4-3. Conveyance scenario 3 

 

While blending recycled water with raw water could be technically feasible with Scenario 3, it was not 
incorporated into this scenario because of the need to continue to treat the raw water to meet the 
specifications, complication of O&M activities, and off-specification disposal. 

4.1.4 Additional Considerations 
Three additional considerations for each conveyance scenario were included in the evaluation.  

4.1.4.1 Tank Size 

As noted earlier and discussed in the Treatment Alternatives TM, a recycled water storage tank between 
sized 0.5 mg to 2 mg is under consideration. The minimum recommended storage tank size is 0.5 mg, but 
additional storage could be constructed to increase the reliability of meeting peak day demands. 
Construction of a recycled water storage tank greater than 0.5 mg at the WWTP (Scenario 1) would be 
challenging due to aesthetic and visual impacts that a tall structure could have. A 1 mg or 2 mg storage tank 
at the WWTP would likely be above grade and 15 to 20 ft tall to fit on the plant site, which could result in 
visual impacts.  

Similarly, at the City Corporation Yard, a storage tank greater than 1 mg would significantly increase the 
height of the tank and/or the diameter which could result in space constraints and/or have the potential for 
visual impacts.  

Scenario 3 provides the most flexibility to accommodate the various sized storage tanks. As discussed in 
more detail in Section 4.2.3, a 2 mg tank at the Refinery would provide up to 24-hours of supply, which 
would provide adequate supply for advance notice for changeovers to raw water. 

4.1.4.2 Recycled Water Blending 

Recycled water blending may be needed to initially meet recycled water quality specifications. Additionally, to 
provide the Refinery with 24-hour notice prior to switching from recycled water to raw water, blending may be 
needed to meet the 24-hour notice.  

Blending recycled water with raw water to meet the recycled water objectives was determined to be 
infeasible without pretreatment due to the high total suspended solids and turbidity of the raw water. For 
this reason, blending only with potable water was considered in the development of conveyance scenarios. 
Remote blending poses challenges because the City would be responsible for maintaining instrumentation 
and equipment at a remote location and the City would be responsible for demonstrating (remotely) 
compliance with the recycled water quality specifications. Therefore, the conveyance scenarios are based on 
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blending at the City’s WWTP. Blending at the WWTP also facilitates management of off-specification recycled 
water. A potable water connection at the recycled water pump station would enable only potable water 
delivered to the Refinery if recycled water is off specification. The off-specification recycled water could be 
discharged through the City’s outfall, eliminating the potential for remote storage and handling of off-
specification recycled water.  

4.1.4.3 Reliability and Service Interruption: 

Each conveyance scenario includes the ability to blend recycled water with potable water at the City’s WWTP. 
The blending structure would provide an air gap between the recycled water and potable water and include 
instrumentation to continuously monitor recycled water and blended recycled water quality against the water 
quality specifications. The blending structure would provide the additional benefit of enabling potable water 
to be delivered to the Refinery in the event that there is a lack of supply or recycled water quality issues. 
While the Refinery will maintain their ability to treat and use raw water in the cooling towers, the Refinery 
would like a 24-hour advance notice prior to making a switch from recycled water to raw water. Thus, during 
periods with there is a lack of recycled water supply or quality issues, the City could deliver potable water to 
the Refinery for a 24-hour period. In an emergency event, such as a pipeline rupture, delivery of recycled 
water or potable water would not be feasible; therefore, the amount of time before switching to raw water 
would be dependent on the size of the tank. Based on historical Refinery demands, a storage tank of 2 mg 
would provide 24 hours of recycled water supply prior to switching to raw water. The 2 mg storage tank size 
could be reduced if a potable water connection were made from the City’s distribution system on Second 
Street to the cooling tower point of connection; however, this connection was determined to be costly and 
unnecessary from the Refinery operations perspective, therefore, it will not be further considered at this 
time.  

4.2 Conveyance Scenarios Evaluation 
The conveyance scenarios were evaluated relative to each other within the criteria areas discussed in 
Section 2. As compared to each other, the more favorable scenario within a criterion was given a “+” rating 
and the least favorable scenario was given a “-“ rating. The neutral scenario, the one not most or least 
favorable, was given a “0” rating. The following sections summarize the evaluation.  

4.2.1 Permitting Requirements  
Conveyance Scenario 3 is the most favorable since includes the minimum sized facilities compared to the 
other scenarios and the facilities are generally located within already disturbed areas. Conveyance 
Scenario 2 is the least favorable as a result of requiring disturbance of multiple sites and more air permitting 
due to the multiple pump stations included this Scenario. Though all the recycled water facilities (minus the 
pipeline) are located at the WWTP for Conveyance Scenario 1, the increased size of storage and pumping 
facilities at the WWTP may result in mitigation measures or constraints imposed due to the potential 
wetlands to the south of the WWTP.  

4.2.2 Ease of O&M 
Conveyance Scenario 2 is the least favorable with respect of O&M as a result of having two pump stations 
and the storage tank in a remote location. As noted in Section 4.1.2 disposal off-spec water from the tank 
will require discharge to the local sanitary sewer system and analysis would be required to confirm the 
existing system could accommodate the discharge.  

Conveyance Scenario 3 assumes City ownership of the tank but the Refinery would be responsible for O&M. 
This will require agreements between the City and Refinery and results in Conveyance Scenario 3 being 
slightly less favorable with respect to Conveyance Scenario 1. Alternatively, the tank could be owned by the 
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Refinery but would not be eligible for state grants. The difference in O&M requirements between Conveyance 
Scenarios 1 and 3 is not significant because Conveyance Scenario 1 consists of a pump station operating to 
meet variable demands, which is slightly more complex than the constant flow pump station included in 
Conveyance Scenario 3. 

4.2.3 Reliability  
There are several types of events that could result in interruptions to recycled water delivery (Table 4-1). As 
noted, the conveyance scenarios assume 0.5 mg of recycled water storage, but larger sizes are under 
consideration. A summary of the types of service interruptions and impacts to reliability is provided in 
Table 4-1.  

 
Table 4-1. Service Interruption Scenarios 

Type of Service 
Interruption Scenario 1 Scenario 2 Scenario 3 

Lack of supply 
• City to provide 24-hour notice to Refinery for switch to raw water;  
• Recycled water and potable water pumped from WWTP to Refinery; after 24-hours Refinery to produce raw water needed to 

address lack of supply. 

Recycled water 
quality issue 

• RW diverted to outfall at blending structure 
• Potable water pumped from WWTP to Refinery for 24 hours until Refinery can switch to raw water OR recycled water production 

is online. 

Emergency event 
(i.e., pipeline failure) 

• Immediate switch to raw water 
OR 

• Extend potable water line to Cooling 
Towers 

• Immediate switch to raw water  
OR 

• Extend potable water line to Cooling Towers 

• Refinery to operate off of 
storage tank prior to switching 
to raw water 

 

In an emergency event, such as a pipeline rupture, delivery of recycled water or potable water would not be 
feasible for the three scenarios. Scenarios 1 and 2 would require the Refinery to immediately switch to raw 
water; however, Scenario 3 provides more flexibility because the Refinery would have up to 7 hours of supply 
in the storage tank before switching to raw water. A 2-mg storage tank would provide up to 24-hours of 
supply prior to switching to raw water with Scenario 3. Alternatively, a potable water connection to the tank 
could be constructed to provide 24-hours of supply prior to the switchover to raw water. A potable water 
connection to the cooling towers would be needed to provide 24-hours of supply, in an emergency condition, 
prior to switching over to raw water for Scenarios 1 and 2.  

Based on the analysis that was performed Scenario 3 provides more flexibility than Scenarios 1 and 2 since 
the storage tank is located at Refinery and would provide recycled water storage for at least 7 hours (with a 
0.5 mg storage tank) during a service interruption. Conveyance Scenario 2 is the least favorable since any 
service interruption would require the Refinery to immediately switch to raw water and the number of assets 
that could experience failure is greater with two pump stations. Conveyance Scenarios 1 and 3 are relatively 
similar with the number of assets that could experience failure; however, Conveyance Scenario 3 is the most 
favorable when considering the impact to the Refinery from a service interruption. 

4.2.4 Constructability  
Construction at the WWTP and Refinery will be difficult since provisions for construction will require 
maintaining access and operability of both facilities. For this reason, Conveyance Scenario 2 is the most 
favorable since the storage tank is not located at either site and the pump station at the WWTP has a limited 
footprint.  
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Though Conveyance Scenario 1 will result in the most construction at the WWTP, Conveyance Scenario 3 is 
the least favorable as a result of requiring construction of major facilities at the WWTP and Refinery. 
Coordination with the Refinery for construction of facilities in active areas of the Refinery operations are 
anticipated to be significant and additional safety measures as well as general construction limitations are 
anticipated. 

4.2.5 Easement Acquisition  
Conveyance Scenario 3 will require additional ROW acquisition for the storage tank thus making it the least 
favorable of the Scenarios. Though the area is anticipated to be small and along the pipeline at the Refinery, 
which will also require ROW acquisition, it is greater in comparison to Conveyance Scenarios 1 and 2 which 
require no additional ROW acquisition beyond the pipeline at the Refinery.  

The pipeline segment on Refinery property could be considered a service line; therefore, would not require 
the City to obtain an easement but this segment of pipeline would be ineligible for City obtained State grants 
and/or loan.1   

4.2.6 Greenhouse Gas Emissions/Carbon Footprint  
Construction emissions for all three conveyance scenarios is assumed to be generally equal; however, long 
term emissions from the pump stations is assumed to be the greatest for Conveyance Scenario 2 since this 
Scenario includes two pump stations. Conveyance Scenario 1 is the second least favorable since the pump 
station for this scenario is slightly larger in capacity compared to Conveyance Scenario 3. 

4.2.7 Future Flexibility  
It is assumed the majority of other customer demand would be served during an eight-hour period in the 
night; therefore, the conveyance facilities would need to be able to accommodate this service. Serving 
potential recycled water customers with the size and location of facilities included in Conveyance Scenario 3 
may be more challenging since the storage tank could not be utilized to serve customers. Therefore, the 
pump station and pipeline in Scenario 3 would need to have the capacity to meet the demand and the 
addition of large customers or a significant nightly peak demand may be challenging to accomplish.  

Conveyance Scenario 2 is the most favorable since the combination of the storage tank and pump station 
could be utilized together to serve customers with minimal limitations. Conveyance Scenario 1 is only slightly 
less favorable compared to Conveyance Scenario 2 since the pump station may be the limiting facility in 
meeting other demands; if there is a significant nightly peak demand or addition of large customer, the 
pump station may be operating at full capacity or an additional pump may be required to meet demands. 

4.2.8 Aesthetics  
By locating a pump station at the WWTP and storage at the Refinery in an already industrially developed 
area, Conveyance Scenario 3 is the most favorable in comparison to the other scenarios with respect to 
aesthetics. Conveyance Scenario 1 is somewhat less favorable in comparison to Conveyance Scenario 3 
since all additional facilities will be located at the WWTP which has limited space for expansion; therefore, 
the additional facilities may result in additional negative aesthetic impacts to the nearby community. Though 
the storage tank location associated with Conveyance Scenario 2 is in a developed area that already houses 
a potable water storage tank, this scenario is the least favorable since the surrounding areas are open 

                                                      

 
1 The City is pursuing Proposition 1 grants and funding for this project. This requires that all facilities constructed using these funds 
be City owned; however, maintenance can be performed by Refinery. 
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space with nearby homes and the addition of the facilities will be more visible compared to the other 
scenarios. 

4.2.9 Economics Evaluation 
A Class V construction cost estimate was developed for each Conveyance Scenario, included in 
Attachment A. Each Conveyance Scenario assumed the same pipeline alignment which has an estimated 
total construction cost of $2.33 million and a new 0.5 mg above grade storage tank with a total estimated 
construction cost of $1.92 million. This results in a total estimated construction cost of these two 
components of $4.25 million for each scenario. The cost of the pump station(s) for each scenario varies as 
shown in Table 4-1. 

Life cycle costs estimates were developed which included O&M costs for the conveyance facilities on a 
30-year life, as shown in Table 4-2 and detail provided in Attachment A.  

 
Table 4-2. Conveyance Scenario Costs (in millions) 

Item Conveyance Scenario 1 Conveyance Scenario 2 Conveyance Scenario 3 

Pipeline 
Segments A through C 
Segment D (refinery property) 

 
$4.2 
$0.7 

 
$4.2 
$0.7 

 
$4.2 
$0.7 

0.5 mg storage tank $0a $1.9 $1.9 

Pump station 
Booster pump station 

$2.4 
-- 

$1.1 
$0.8 

$1.1 
-- 

Total construction costb $7.3 $8.7 $7.9 

Total capital costc $9.8 $11.8 $10.7 

Annual operating costsd $0.25 $0.25 $0.19 

Total life cycle coste  $17.0 $18.1 $15.6 

a. Storage is built into the pump station and therefore not broken out separately. 
b. Construction costs include a 35 percent contingency and are escalated to mid-point of construction (January 2019). 
c. Capital costs include a 35 percent factor for engineering, administration, construction management and permitting. 
d. Annual costs assume equipment replacement and maintenance costs and energy costs. Costs for potable water blending are 

not included in the conveyance scenarios. 
e. Life cycle costs were calculated for a 30-year period. Capital costs were amortized over a 30-year period assuming no grants 

and a 2 percent interest rate. Annual costs were escalated 3 percent per year and a 5 percent discount rate was assumed. 
 

Conveyance Scenario 3 is the most favorable with the lowest total life cycle cost of $15.6 million. 
Conveyance Scenarios 1 has a construction costs that is quite close to Scenario; however, on a life cycle 
basis Conveyance Scenario 2 is less favorable. Scenario 2 is the least favorable since the construction cost 
and life cycle cost is the highest of all scenarios. 
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4.2.10 Conveyance Scenarios Evaluation Summary 
Table 4-3 below provides a summary of the evaluation results for each of the Conveyance Scenarios within 
each evaluation criterion.  
 

Table 4-3. Conveyance Scenarios Evaluation Matrix  

Criteria Conveyance Scenario 1 Conveyance Scenario 2 Conveyance Scenario 3 

Permitting requirements 0 - + 

Ease of O&M + - 0 

Reliability 0 - + 

Constructability 0 + - 

Easement acquisition + + - 

Greenhouse gas emissions/carbon footprint 0 - + 

Future flexibility 0 + - 

Aesthetics 0 - + 

Estimated probable construction cost - 0 + 

Evaluation of alternatives is relative comparison: The more favorable scenario within a criterion was given a “+” rating and the least 
favorable scenario was given a “-“ rating. The neutral scenario, the one not most or least favorable, was given a “0” rating. 

Though Conveyance Scenario 3 was found to be the least favorable within some evaluation criterion, overall 
it is the most favorable. Conveyance Scenario 1 was a close second; however, the life cycle cost for this 
scenario is the highest. 

Section 5: Conclusion and Recommendations 
Based on the findings of the pipeline screening analysis and conveyance scenarios evaluation a pipeline 
located in City streets and existing ROW, with a 0.5 mg storage tank located at the Refinery, and 2.0 mgd 
pump station at the WWTP is recommended for further development to provide recycled water to the 
Refinery for cooling tower uses (Scenario 3).  

The exact size of the storage tank and pump station should be further developed and defined to support the 
long term needs of the City and Refinery and additional analysis needs to be completed to determine the 
exact alignment of the pipeline and points of connection.  

The following items should be evaluated and developed in subsequent project phases to identify an 
approach that considers construction costs with the appropriate level of reliability and risk: 
• Refine and further develop the pipeline alignment: Determine if the Segment B option of Alternative 2 

should be pursued. Identify preferred locations of the pipeline within the street. Refine Segment D 
alignment through the Refinery. 

• Finalize the storage tank size:  Confirm the need for 2 mg of recycled water storage if potable water can 
be delivered to the Refinery either directly at the cooling towers or pumped from the WWTP; 

• Reliability and Service Interruption: Overall determine how reliability and service interruptions will be 
addressed with the project. 
− Confirm the need for 24-hours advance notice to the Refinery for switching to raw water during 

emergency situations. These are not expected to be regularly occurring or frequent. 
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− Determine if capacity of existing potable water infrastructure at the WWTP can meet peak day and 
peak hour demands for up to 24-hours during times when there lack of supply or issues with 
recycled water quality. 

− Confirm the need and value of a potable water connection to the cooling towers for reliability and 
determine if other improvements to the existing potable water infrastructure are needed to meet the 
demand. 

• Determine if and how the project will be able to provide recycled water to other customers.  
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Attachment A: Cost Information 

  



Technical Memorandum 3 Pipeline Alignment Alternatives and Conveyance Scenarios 
 

 
A 

Use of contents on this sheet is subject to the limitations specified at the beginning of this document. 
Pipeline Alignment and Conveyance Scenarios TechMemo3_Draft.docx 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 

 

 



Cost Unit Comments/Notes

$264 /lf open cut (PVC)  assumes $22/in dia/lf
$300 /lf open cut (PVC) constrained site conditions (within easements, challenging open cut areas)
$250 /lf welded steel pipe pipe on existing rack with no rack improvements; per discussion with M Goodson
$700 /lf pipe rack pipe and rack extension; per discussion with M Goodson
$775 /lf new pipe rack T‐style rack; per discussion with M Goodson
$500 /lf conc cradle pipe on concrete cradle; per discussion with M. Goodson

$5,000,000 retrofit existing 2.3MG tank $2.5M for gunnite and $2.5M for roof, per discussion with M. Goodson, does not include ground 
$1.50 /gal for new tank

$250 $/gpm for booster pump station
$300 $/gpm for low head pump station
$400 $/gpm for high head gpm

Piping

Storage

Pump Station

General Costs



Benicia Water Reuse Study
Pipeline Screening

Cost Estimate
Dec 2015

Item QTY Unit Unit Cost Extended Cost Comments/Notes

Segment A 1,250 LF $264 $330,000 open cut in street
Segment B 1,470 LF $250 $367,500 pipe on exist rack
Segment C 2,180 LF $264 $575,520 open cut in street
Segment D 3,700 LF $700 $2,590,000 pipe on rack extension
Segment E LF
Pipe Rack Extension 1,470 LF $700 $1,029,000
Asphalt Plant 1,800 LF $264 $475,200 Assumes open cut through plant
New Pipe Rack 2,850 LF $500 $1,425,000 conc cradle, add $275/lf for rack
Pipe Rack Extension 2,150 LF $700 $1,505,000

$8,297,220

Pump Station 1390 gpm $300 $417,000
Exist Tank Rehab 1 LS $5,000,000 $5,000,000
Piping 1,020 LF $264 $269,280
Booster Pump Station 900 gpm $250 $225,000

$5,911,280
$14,208,500

Contingency 30% $4,262,550
$18,471,059

Engineering, CM 20% $3,694,212
Permitting & Legal 5% $923,553

$23,088,824

C Option 2,180 LF $300 $654,000 Assumes constrainted open cut
D Option 3,770 LF $300 $1,131,000 Assumes constrainted open cut
E Option 7,470 LF $700 $5,229,000 Assumes pipe rack extension
New Storage Tank 1,000,000 gal $2 $1,500,000 Assumes located at exist tank site

Subtotal

TOTAL

Options

Alternative 1 ‐ Refinery Pipe Rack Alignment

Pipeline

Pumping & Storage

Pumping & Storage Subtotal
Subtotal

Pipeline Subtotal

\\bcwckfp01\projects\148000\148314 ‐ Valero Feasibility Study\05‐Conveyance Alternatives\Cost Estimate\Pipeline Screening Cost Estimate.xlsx



Benicia Water Reuse Study
Pipeline Screening

Cost Estimate
Dec 2015

Item QTY Unit Unit Cost Extended Cost Comments/Notes

Segment A 1,250 LF $264 $330,000 open cut in street
Segment B 1,470 LF $250 $367,500 pipe on exist rack
Segment C Option 2,180 LF $300 $654,000 Assumes constrainted open cut
Segment D 3,700 LF $700 $2,590,000 pipe on rack extension
Segment E LF
Pipe Rack Extension 1,470 LF $700 $1,029,000
Asphalt Plant 1,800 LF $264 $475,200 Assumes open cut through plant
New Pipe Rack 2,850 LF $500 $1,425,000 conc cradle, add $275/lf for rack
Pipe Rack Extension 2,150 LF $700 $1,505,000

$8,375,700

Pump Station 1390 gpm $300 $417,000
Exist Tank Rehab 1 LS $5,000,000 $5,000,000
Piping 1,020 LF $264 $269,280
Booster Pump Station 900 gpm $250 $225,000

$5,911,280
$14,286,980
$23,216,354

Item QTY Unit Unit Cost Extended Cost Comments/Notes

Segment A 1,250 LF $264 $330,000 open cut in street
Segment B 1,470 LF $250 $367,500 pipe on exist rack
Segment C 2,180 LF $264 $575,520 open cut in street
Segment D Option 3,700 LF $300 $1,110,000 Assumes constrainted open cut
Segment E LF
Pipe Rack Extension 1,470 LF $700 $1,029,000
Asphalt Plant 1,800 LF $264 $475,200 Assumes open cut through plant
New Pipe Rack 2,850 LF $500 $1,425,000 conc cradle, add $275/lf for rack
Pipe Rack Extension 2,150 LF $700 $1,505,000

$6,817,220

Pump Station 1390 gpm $300 $417,000
Exist Tank Rehab 1 LS $5,000,000 $5,000,000
Piping 1,020 LF $264 $269,280
Booster Pump Station 900 gpm $250 $225,000

$5,911,280
$12,728,500
$20,683,824TOTAL

Pipeline

Pipeline Subtotal
Pumping & Storage

Pumping & Storage Subtotal
Subtotal

Subtotal
TOTAL

Alternative 1 ‐ Refinery Pipe Rack Alignment w/ Segment D Option

Alternative 1 ‐ Refinery Pipe Rack Alignment w/ Segment C Option

Pipeline

Pipeline Subtotal
Pumping & Storage

Pumping & Storage Subtotal

\\bcwckfp01\projects\148000\148314 ‐ Valero Feasibility Study\05‐Conveyance Alternatives\Cost Estimate\Pipeline Screening Cost Estimate.xlsx



Benicia Water Reuse Study
Pipeline Screening

Cost Estimate
Dec 2015

Item QTY Unit Unit Cost Extended Cost Comments/Notes

Segment A 1,250 LF $264 $330,000 open cut in street
Segment B 1,470 LF $250 $367,500 pipe on exist rack
Segment C 2,180 LF $264 $575,520 open cut in street
Segment D 3,700 LF $700 $2,590,000 pipe on rack extension
Segment E LF
Pipe Rack Extension 1,470 LF $700 $1,029,000
Asphalt Plant 1,800 LF $264 $475,200 Assumes open cut through plant
New Pipe Rack 2,850 LF $500 $1,425,000 conc cradle, add $275/lf for rack
Pipe Rack Extension 2,150 LF $700 $1,505,000

$8,297,220

Pump Station 1390 gpm $300 $417,000
New Storage Tank 1,000,000 gal $2 $1,500,000
Piping 1,020 LF $264 $269,280
Booster Pump Station 900 gpm $250 $225,000

$2,411,280
$10,708,500
$17,401,324

Item QTY Unit Unit Cost Extended Cost Comments/Notes

Segment A 1,250 LF $264 $330,000 open cut in street
Segment B 1,470 LF $250 $367,500 pipe on exist rack
Segment C 2,180 LF $300 $654,000 open cut in street
Segment D Option 3,700 LF $300 $1,110,000 Assumes constrainted open cut
Segment E LF
Pipe Rack Extension 1,470 LF $700 $1,029,000
Asphalt Plant 1,800 LF $264 $475,200 Assumes open cut through plant
New Pipe Rack 2,850 LF $500 $1,425,000 conc cradle, add $275/lf for rack
Pipe Rack Extension 2,150 LF $700 $1,505,000

$6,895,700

Pump Station 1390 gpm $300 $417,000
New Storage Tank 1,000,000 gal $2 $1,500,000
Piping 1,020 LF $264 $269,280
Booster Pump Station 900 gpm $250 $225,000

$2,411,280
$9,306,980

$15,123,854
Subtotal
TOTAL

Alternative 1 ‐ Refinery Pipe Rack Alignment w/ lowest cost options

Pipeline

Pipeline Subtotal
Pumping & Storage

Pumping & Storage Subtotal

Pumping & Storage

Pumping & Storage Subtotal
Subtotal
TOTAL

Alternative 1 ‐ Refinery Pipe Rack Alignment w/ New Tank

Pipeline

Pipeline Subtotal
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Benicia Water Reuse Study
Pipeline Screening

Cost Estimate
Dec 2015

Item QTY Unit Unit Cost Extended Cost Comments/Notes

Segment A 5,760 LF $264 $1,520,640
Segment B 2,210 LF $264 $583,440
Segment C 4,220 LF $264 $1,114,080
Roadway 1,550 LF $300 $465,000 assumes constrainted open cut
Pipe Rack Extension 760 LF $700 $532,000

$4,215,160

Pump Station 1390 gpm 400 $556,000 assumes high head pump station
New Storage Tank 1,000,000 gal $2 $1,500,000
Piping 300 LF $264 $79,200
Booster Pump Station 0 gpm $250 $0

$2,135,200
$6,350,360

Contingency 30% $1,905,108
$8,255,477

Engineering, CM 20% $1,651,095
Permitting & Legal 5% $412,774

$10,319,346

B Option 2,410 LF $264 $636,240 Assumes constrainted open cut

Subtotal

TOTAL

Options

Alternative 2 ‐ City ROW Alignment

Pipeline

Pipeline Subtotal
Pumping & Storage

Pumping & Storage Subtotal
Subtotal
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Benicia Water Reuse Study
Pipeline Screening

Cost Estimate
Dec 2015

Item QTY Unit Unit Cost Extended Cost Comments/Notes

Segment A 5,760 LF $264 $1,520,640
Segment B 2,340 LF $264 $617,760
Segment C
New Pipe Rack 2,850 LF $500 $1,425,000 Assumes new pipe rack
Pipe Rack Extension 2,150 LF $700 $1,505,000

$5,068,400

Pump Station 1390 gpm 300 $417,000 assumes low head pump staion
New Storage Tank 1,000,000 gal $2 $1,500,000
Piping 100 LF $264 $26,400
Booster Pump Station 0 gpm $250 $0

$1,943,400
$7,011,800

Contingency 30% $2,103,540
$9,115,349

Engineering, CM 20% $1,823,070
Permitting & Legal 5% $455,767

$11,394,186

Subtotal

TOTAL

Alternative 3 ‐ Hybrid Alignment

Pipeline

Pipeline Subtotal
Pumping & Storage

Pumping & Storage Subtotal
Subtotal
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Date:  March 24, 2016 

To:  Mallika Ramanathan, Walnut Creek 

From:  Dan Goodburn, Parker 

Reviewed by: Don Snowden, West Monroe 

Project No.: 148314-001-005 

Subject:  Benicia Recycled Water Study 

 10-Percent Design Completion 

 Basis of Estimate of Probable Construction Cost 

 

The Basis of Estimate Report and supporting estimate reports for the subject project are attached.  Please 
call me if you have questions or need additional information. 

Enclosures (3): 
1. Basis of Estimate Report 

2. Summary Estimate 

3. Detailed Estimate 
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Basis of Estimate Report 

Benicia Recycled Water Study 
Introduction 
Brown and Caldwell (BC) is pleased to present this opinion of probable construction cost (estimate) prepared 
for the Benicia Recycled Water Study. 

Summary 
This Basis of Estimate contains the following information: 
 Scope of work 
 Background of this estimate 

 Class of estimate 

 Estimating methodology 
 Direct cost development 

 Indirect cost development 

 Bidding assumptions 
 Estimating assumptions 

 Estimating exclusions 

 Allowances for known but undefined work 
 Contractor and other estimate markups 

Scope of Work 
This project evaluates several alternatives to send recycled water from the Benicia WWTP to the Valero 
refinery plant.  The table below describes the treatment and conveyance alternatives. 
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Treatment Alternative 1 – Activated Sludge   New Aeration Basin 

 Conversion of RBC SC into chlorine contact 
basin 

Treatment Alternative 2 – TMBR   Conversion of RBC SC into MBR 

 New UV Disinfection system 

Conveyance Alternative 1 – WWTP   Oversized Recycled Water Pump Station Wet 
Well to provide 0.5 MG of storage (below 
grade) 

 150 HP vertical turbine Recycled Water Pump 
Station at the WWTP 

Conveyance Alternative 2 – Storage at Corp Yard   0.5 MG storage at the Corp Yard (above grade, 
steel tank) 

 100 HP Recycled Water Pump Station ‐Vertical 
Turbine pump station at the WWTP 

 35 HP Booster Pump Station at the Corp Yard 

Conveyance Alternative 3 – Storage at Refinery   0.5 MG (above‐grade) storage tank at the 
Refinery 

 105 HP Recycled Water Pump Station – 
Vertical turbine pump station at the WWTP 

 

Background of this Estimate 
The attached estimate of probable construction cost is based on documents dated March, 2016, received by 
the ESG.  These documents are described as preliminary based on the current project progression, 
additional or updated scope and/or quantities, and ongoing discussions with the project team. Further 
information can be found in the detailed estimate reports. 

Class of Estimate  
In accordance with the Association for the Advancement of Cost Engineering International (AACE) criteria, 
this is a Class 4 estimate.  A Class 4 estimate is defined as a Planning Level or Design Technical Feasibility 
Estimate.  Typically, engineering is from 1 to 15 percent complete. Class 4 estimates are used to prepare 
planning level cost scopes or to evaluate alternatives in design conditions and form the base work for the 
Class 3 Project Budget or Funding Estimate. 

Expected accuracy for Class 4 estimates typically range from -30 to +50 percent, depending on the 
technological complexity of the project, appropriate reference information and the inclusion of an 
appropriate contingency determination.  In unusual circumstances, ranges could exceed those shown. 

Estimating Methodology 
This estimate was prepared using quantity take-offs, vendor quotes and equipment pricing furnished either 
by the project team or by the estimator.  The estimate includes direct labor costs and anticipated 
productivity adjustments to labor, and equipment. Where possible, estimates for work anticipated to be 
performed by specialty subcontractors have been identified.  
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Construction labor crew and equipment hours were calculated from production rates contained in 
documents and electronic databases published by R.S. Means, Mechanical Contractors Association (MCA), 
National Electrical Contractors Association (NECA), and Rental Rate Blue Book for Construction Equipment 
(Blue Book).   

This estimate was prepared using BC’s estimating system, which consists of a Windows-based commercial 
estimating software engine using BC’s material and labor database, historical project data, the latest vendor 
and material cost information, and other costs specific to the project locale. 

Direct Cost Development 
Costs associated with the General Provisions and the Special Provisions of the construction documents, 
which are collectively referred to as Contractor General Conditions (CGC), were based on the estimator’s 
interpretation of the contract documents.  The estimates for CGCs are divided into two groups: a time-related 
group (e.g., field personnel), and non-time-related group (e.g., bonds and insurance).  Labor burdens such as 
health and welfare, vacation, union benefits, payroll taxes, and workers compensation insurance are 
included in the labor rates.  No trade discounts were considered. 

Indirect Cost Development 
Local sales tax has been applied to material and equipment rentals. A percentage allowance for contractor’s 
home office expense has been included in the overall rate markups.  The rate is standard for this type of 
heavy construction and is based on typical percentages outlined in Means Heavy Construction Cost Data. 

The contractor’s cost for builders risk, general liability and vehicle insurance has been included in this 
estimate.  Based on historical data, this is typically two to four percent of the overall construction contract 
amount.  These indirect costs have been included in this estimate as a percentage of the gross cost, and are 
added after the net markups have been applied to the appropriate items. 

Bidding Assumptions  
The following bidding assumptions were considered in the development of this estimate. 
1. Bidders must hold a valid, current Contractor’s credentials, applicable to the type of project. 

2. Bidders will develop estimates with a competitive approach to material pricing and labor productivity, 
and will not include allowances for changes, extra work, unforeseen conditions or any other unplanned 
costs. 

3. Estimated costs are based on a minimum of four bidders.  Actual bid prices may increase for fewer 
bidders or decrease for a greater number of bidders.   

4. Bidders will account for General Provisions and Special Provisions of the contract documents and will 
perform all work except that which will be performed by traditional specialty subcontractors as identified 
here: 

 Piles 

 Electrical 

Estimating Assumptions  
As the design progresses through different completion stages, it is customary for the estimator to make 
assumptions to account for details that may not be evident from the documents.  The following assumptions 
were used in the development of this estimate. 
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1. Contractor performs the work during normal daylight hours, nominally 7 a.m. to 5 p.m., Monday through 
Friday, in an 8-hour shift.  No allowance has been made for additional shift work or weekend work. 

2. Contractor has complete access for lay-down areas and mobile equipment. 
3. Equipment rental rates are based on verifiable pricing from the local project area rental yards, Blue 

Book rates and/or rates contained in the estimating database. 

4. Contractor markup is based on conventionally accepted values that have been adjusted for project-area 
economic factors.   

5. Major equipment costs are based on both vendor supplied price quotes obtained by the project design 
team and/or estimators, and on historical pricing of like equipment. 

6. Process equipment vendor training using vendors’ standard Operations and Maintenance (O&M) 
material, is included in the purchase price of major equipment items where so stated in that quotation. 

7. Bulk material quantities are based on manual quantity take-offs. 
8. There is sufficient electrical power to feed the specified equipment.  The local power company will supply 

power and transformers suitable for this facility. 

9. Electrical power for new facilities will be derived from existing process area switchgear and no new 
electrical buildings or switchgear is anticipated.  New motor control centers will replace the existing 
motor control centers in the existing facilities. 

10. Yard piping and pumped water lines have nominal 5 feet of cover. 
11. Concrete piles spaced on 10 foot centers under foundation slabs and footings.  Aeration basin piles are 

70 feet deep and all other piles are 50 feet deep. 

12. Dewatering is included for structural excavations 5 feet or deeper below existing grade. 
13. Storage tank and pump station slabs are 2 feet thick with 1 foot of base material.  All other structure 

slabs are 18-inches thick with 8-inches base material.  Walls thicknesses vary with height of wall. 

14. No additional costs are included for the Pipeline Segment A crossing under Interstate 780 beyond the 
open cut construction. 

15. All structure excavations and yard pipe trenching is open cut with 1:1 slopes.  Sheeting and shoring is 
not included. 

16. All off-site pipeline bedding and backfill will be imported crushed rock. For Pipeline Segment D the 
excavated native material will be considered to be contaminated waste for disposal. 

Estimating Exclusions  
The following estimating exclusions were assumed in the development of this estimate. 
1. Hazardous materials remediation and/or disposal. 
2. O&M costs for the project with the exception of the vendor supplied O&M manuals. 

3. Utility agency costs for incoming power modifications. 

4. Permits beyond those normally needed for the type of project and project conditions. 
5. Sitework at the remote pump stations or storage tank locations due to unknown locations. 

6. Right of way or property acquisition costs. 
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Allowances for Known but Undefined Work 
The following allowances were made in the development of this estimate. 
1. Various exposed process system piping 
2. Wet chemical scrubber system 

3. Electrical and Instrumentation 

Contractor and Other Estimate Markups 
Contractor markup is based on conventionally accepted values which have been adjusted for project-area 
economic factors.  Estimate markups are shown in Table 1.  

 
Table 1.  Estimate Markups 

Item Rate (%) 

Net Cost Markups  

Contractor Overhead and Profit, includes the following  markups: 10 

 Labor  (employer payroll burden)  

 Materials and process equipment plus Shipping and Handling  

 Equipment (construction-related)  

 Subcontractor  

Sales Tax (State and local for materials, process equipment and construction equipment rentals, etc.) 8.625 

Gross Cost Markups  

Contractor General Conditions plus Start-up, Training and O&M 12 

Construction Contingency 35 

Bonds and Insurance, includes the following markups 3.5 

 Builders Risk, Liability and Auto Insurance  

 Performance and Payment Bonds  

Escalation to Midpoint of Construction 8.7 

 

Labor Markup 

The labor rates used in the estimate were derived chiefly from the latest published State Prevailing Wage 
Rates.  These include base rate paid to the laborer plus fringes.  A labor burden factor is applied to these 
such that the final rates include all employer paid taxes.  These taxes are FICA (which covers social security 
plus Medicare), Workers Comp (which varies based on state, employer experience and history) and 
unemployment insurance.  The result is fully loaded labor rates.  In addition to the fully loaded labor rate, an 
overhead and profit markup is applied at the back end of the estimate.  This covers payroll and accounting, 
estimator’s wages, home office rent, advertising and owner profit. 

 



 

Benicia Recycled Water Study

March 24, 2016

 

 6 

BOE_Benicia_3-24-16.docx 

Materials and Process Equipment Markup 

This markup consists of the additional cost to the contractor beyond the raw dollar amount for material and 
process equipment.  This includes shop drawing preparation, submittal and/or re-submittal cost, purchasing 
and scheduling materials and equipment, accounting charges including invoicing and payment, inspection of 
received goods, receiving, storage, overhead and profit. 

Equipment (Construction) Markup 

This markup consists of the costs associated with operating the construction equipment used in the project.  
Most GCs will rent rather than own the equipment and then charge each project for its equipment cost.  The 
equipment rental cost does not include fuel, delivery and pick-up charges, additional insurance 
requirements on rental equipment, accounting costs related to home office receiving invoices and payment.  
However, the crew rates used in the estimate do account for the equipment rental cost.  Occasionally, larger 
contractors will have some or all of the equipment needed for the job, but in order to recoup their initial 
purchasing cost they will charge the project an internal rate for equipment use which is similar to the rental 
cost of equipment.  The GC will apply an overhead and profit percentage to each individual piece of 
equipment whether rented or owned. 

Subcontractor Markup 

This markup consists of the GC’s costs for subcontractors who perform work on the site.  This includes costs 
associated with shop drawings, review of subcontractor’s submittals, scheduling of subcontractor work, 
inspections, processing of payment requests, home office accounting, and overhead and profit on 
subcontracts. 

Sales Tax (Materials, Process Equipment and Construction Equipment) 

This is the tax that the contractor must pay according to state and local tax laws.  The percentage is applied 
to both the material and equipment the GC purchases as well as the cost for rental equipment.  The 
percentage is based on the local rates in place at the time the estimate was prepared.  

Contractor Startup, Training, and O&M Manuals 

This cost markup is often confused with either vendor startup or owner startup.  It is the cost the GC incurs 
on the project beyond the vendor startup and owner startup costs.  The GC generally will have project 
personnel assigned to facilitate the installation, testing, startup and O&M Manual preparation for equipment 
that is put into operation by either the vendor or owner.  These project personnel often include an 
electrician, pipe fitter or millwright, and/or I&E technician.  These personnel are not included in the basic 
crew makeup to install the equipment but are there to assist and trouble shoot the startup and proper 
running of the equipment.  The GC also incurs a cost for startup for such things as consumables (oil, fuel, 
filters, etc.), startup drawings and schedules, startup meetings and coordination with the plant personnel in 
other areas of the plant operation.  

Builders Risk, Liability, and Vehicle Insurance 

This percentage comprises all three items.  There are many factors which make up this percentage, 
including the contractor’s track record for claims in each of the categories.  Another factor affecting 
insurance rates has been a dramatic price increase across the country over the past several years due to 
domestic and foreign influences.  Consequently, in the construction industry we have observed a range of 
0.5 to 1 percent for Builders Risk Insurance, 1 to 1.25 percent for General Liability Insurance, and 0.85 to 
1 percent for Vehicle Insurance.  Many factors affect each area of insurance, including project complexity 
and contractor’s requirements and history.  Instead of using numbers from a select few contractors, we 
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believe it is more prudent to use a combined 2 percent to better reflect the general costs across the country.  
Consequently, the actual cost could be higher or lower based on the bidder, region, insurance climate, and 
on the contractor’s insurability at the time the project is bid. 

Material Shipping and Handling 

This can range from 2 to 6 percent, and is based on the type of project, material makeup of the project, and 
the region and location of the project.  Material shipping and handling covers delivery costs from vendors, 
unloading costs (and in some instances loading and shipment back to vendors for rebuilt equipment), site 
paper work, and inspection of materials prior to unloading at the project site.  BC typically adjusts this 
percentage by the amount of materials and whether vendors have included shipping costs in the quotes that 
were used to prepare the estimate.  This cost also includes the GC’s cost to obtain local supplies; e.g., oil, 
gaskets and bolts that may be missing from the equipment or materials shipped. 

Escalation to Midpoint for Labor, Materials and Subcontractors 

In addition to contingency, it is customary for projects that will be built over several years to include an 
escalation to midpoint of anticipated construction to account for the future escalation of labor, material and 
equipment costs beyond values at the time the estimate is prepared.  For this project, the anticipated rate of 
escalation is 3 percent per annum. 

The estimated construction time for this project is 18 months, exclusive of unusual weather or site 
conditions delays.  Construction is anticipated to start April, 2018 and complete September, 2019.  The 
escalation factors used in this estimate are calculated from the date the estimate is finalized to the 
anticipated midpoint of construction at approximately 33 months from the date of this estimate. 

Undesigned/undeveloped Contingency 

The contingency factor covers unforeseen conditions, area economic factors, and general project complexity.  
This contingency is used to account for those factors that can not be addressed in each of the labor and/or 
material installation costs.  Based on industry standards, completeness of the project documents, project 
complexity, the current design stage and area factors, construction contingency can range from 10 to 
50 percent.   

Performance and Payment Bonds 

Based on historical and industry data, this can range from 0.75 to 3 percent of the project total.  There are 
several contributing factors including such items as size of the project, regional costs, contractor’s historical 
record on similar projects, complexity and current bonding limits.  BC uses 1.5 percent for bonds, which we 
have determined to be reasonable for most heavy construction projects. 
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Dummer, Catherine

WATER RE-USE STUDY - PIPELINE AND STORAGE

Estimate Breakdown Gross Total Cost
w/Markups

01 01 
ME Mist EliminatorME Mist Eliminator

46 WATER AND WASTEWATER TREATMENT PLANTS 97,63446 WATER AND WASTEWATER TREATMENT PLANTS
ME Mist Eliminator 97,634

PA Pipeline Segment APA Pipeline Segment A
01 GENERAL CONDITIONS 35,75201 GENERAL CONDITIONS
02 SITEWORK & DEMOLITION 122,47002 SITEWORK & DEMOLITION
23 HVAC 41,77023 HVAC
31 EARTHWORK 724,48431 EARTHWORK
32 EXTERIOR IMPROVEMENTS 592,12332 EXTERIOR IMPROVEMENTS
33 UTILITIES 528,03333 UTILITIES

PA Pipeline Segment A 2,044,633

PB Pipeline Segment BPB Pipeline Segment B
01 GENERAL CONDITIONS 1,06801 GENERAL CONDITIONS
23 HVAC 13,56623 HVAC
31 EARTHWORK 231,87531 EARTHWORK
32 EXTERIOR IMPROVEMENTS 97,37832 EXTERIOR IMPROVEMENTS
33 UTILITIES 136,77233 UTILITIES

PB Pipeline Segment B 480,660

PC Pipeline Segment CPC Pipeline Segment C
01 GENERAL CONDITIONS 29,42101 GENERAL CONDITIONS
02 SITEWORK & DEMOLITION 101,19502 SITEWORK & DEMOLITION
23 HVAC 34,51423 HVAC
31 EARTHWORK 609,84431 EARTHWORK
32 EXTERIOR IMPROVEMENTS 489,26032 EXTERIOR IMPROVEMENTS
33 UTILITIES 425,38433 UTILITIES

PC Pipeline Segment C 1,689,620
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Dummer, Catherine

WATER RE-USE STUDY - PIPELINE AND STORAGE

Estimate Breakdown Gross Total Cost
w/Markups

PD Pipeline Segment DPD Pipeline Segment D
01 GENERAL CONDITIONS 76301 GENERAL CONDITIONS
22 PLUMBING 373,99722 PLUMBING
23 HVAC 8,42323 HVAC
31 EARTHWORK 93,80531 EARTHWORK
32 EXTERIOR IMPROVEMENTS 9,49132 EXTERIOR IMPROVEMENTS
33 UTILITIES 150,61433 UTILITIES

PD Pipeline Segment D 637,093

S1 Storage Tank 1 - 0.5 MGS1 Storage Tank 1 - 0.5 MG
03 CONCRETE 195,05803 CONCRETE
22 PLUMBING 188,36822 PLUMBING
26 ELECTRICAL 47,09226 ELECTRICAL
31 EARTHWORK 221,81831 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 1,271,48646 WATER AND WASTEWATER TREATMENT PLANTS

S1 Storage Tank 1 - 0.5 MG 1,923,822

S2 Storage Tank 2 - 1.0 MGS2 Storage Tank 2 - 1.0 MG
03 CONCRETE 346,77303 CONCRETE
22 PLUMBING 188,36822 PLUMBING
26 ELECTRICAL 47,09226 ELECTRICAL
31 EARTHWORK 389,88731 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 1,852,79046 WATER AND WASTEWATER TREATMENT PLANTS

S2 Storage Tank 2 - 1.0 MG 2,824,911

S3 Storage Tank 3 - 2.0 MGS3 Storage Tank 3 - 2.0 MG
03 CONCRETE 604,21803 CONCRETE
22 PLUMBING 188,36822 PLUMBING
26 ELECTRICAL 47,09226 ELECTRICAL
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Dummer, Catherine

WATER RE-USE STUDY - PIPELINE AND STORAGE

Estimate Breakdown Gross Total Cost
w/Markups

31 EARTHWORK 676,00531 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 2,958,51246 WATER AND WASTEWATER TREATMENT PLANTS

S3 Storage Tank 3 - 2.0 MG 4,474,196
01 14,172,568
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Project Number:     148314-001-005
Estimate Issue:     2

Due Date:     3/24/2016

WATER RE-USE STUDY - PIPELINE AND STORAGE Estimator:     Dummer, Catherine

Estimate Totals

Description Rate Hours Amount Totals
Labor 19,578 hrs 2,863,969

Material 2,233,815
Subcontract 1,827,956
Equipment 633,678 hrs 479,320

Other 48,209

7,453,269 7,453,269

Contractor OH&P 10.000 % 745,327

Sales Tax - Material and Other 8.625 % 132,974

Net Markups 878,301 8,331,570

Contractor General Conditions 12.000 % 999,788

999,788 9,331,358
Undesign/Undevelop Contingency 35.000 % 3,265,976

3,265,976 12,597,334
Bonds and Insurance 3.500 % 440,907

440,907 13,038,241
Escalation to Midpoint (ALL) 8.700 % 1,134,327

Gross Markups 1,134,327 14,172,568

Total 14,172,568
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Dummer, Catherine

WATER RE-USE STUDY - CONVEYANCE PUMPING ALT 1

Estimate Breakdown Gross Total Cost
w/Markups

01 01 
RP Recycled Water Pump StationRP Recycled Water Pump Station

03 CONCRETE 737,42003 CONCRETE
05 METALS 9,74005 METALS
08 DOORS & WINDOWS 17,29108 DOORS & WINDOWS
22 PLUMBING 222,05222 PLUMBING
26 ELECTRICAL 297,98726 ELECTRICAL
27 COMMUNICATIONS 99,32927 COMMUNICATIONS
31 EARTHWORK 527,23831 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 509,73946 WATER AND WASTEWATER TREATMENT PLANTS

RP Recycled Water Pump Station 2,420,796
01 2,420,796
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Project Number:     148314-001-005
Estimate Issue:     2

Due Date:     3/24/2016

WATER RE-USE STUDY - CONVEYANCE PUMPING ALT 1 Estimator:     Dummer, Catherine

Estimate Totals

Description Rate Hours Amount Totals
Labor 4,157 hrs 440,598

Material 508,193
Subcontract 211,300
Equipment 1,348 hrs 99,649

Other

1,259,740 1,259,740

Contractor OH&P 10.000 % 125,974

Sales Tax - Material and Other 8.625 % 37,390

Net Markups 163,364 1,423,104

Contractor General Conditions 12.000 % 170,772

170,772 1,593,876
Undesign/Undevelop Contingency 35.000 % 557,857

557,857 2,151,733
Bonds and Insurance 3.500 % 75,311

75,311 2,227,044
Escalation to Midpoint (ALL) 8.700 % 193,753

Gross Markups 193,753 2,420,797

Total 2,420,797
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Dummer, Catherine

WATER RE-USE STUDY - CONVEYANCE PUMPING ALT 2

CITY OF BENICIA
WATER RE-USE STUDY - CONVEYANCE PUMPING ALT 2
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Estimator Dummer, Catherine

BC Project Manager Mallika Ramanathan
BC Office Walnut Creek

Estimate Issue No. 2
QA/QC Reviewer Don Snowden

QA/QC Review Date 3/9/2016
BC Estimate Number 148314-001-005
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______________________________

Conveyance Pumping Alternative 2
   Booster Pump Station
   Recycled Water Pump Station
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Dummer, Catherine

WATER RE-USE STUDY - CONVEYANCE PUMPING ALT 2

Estimate Breakdown Gross Total Cost
w/Markups

01 01 
BP Booster Pump StationBP Booster Pump Station

03 CONCRETE 79,15403 CONCRETE
05 METALS 9,74205 METALS
08 DOORS & WINDOWS 11,53008 DOORS & WINDOWS
22 PLUMBING 104,73022 PLUMBING
26 ELECTRICAL 251,12926 ELECTRICAL
27 COMMUNICATIONS 83,64727 COMMUNICATIONS
31 EARTHWORK 47,29931 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 233,18346 WATER AND WASTEWATER TREATMENT PLANTS

BP Booster Pump Station 820,415

RP Recycled Water Pump StationRP Recycled Water Pump Station
03 CONCRETE 217,37603 CONCRETE
05 METALS 9,74205 METALS
08 DOORS & WINDOWS 11,53008 DOORS & WINDOWS
22 PLUMBING 173,14622 PLUMBING
26 ELECTRICAL 148,55826 ELECTRICAL
27 COMMUNICATIONS 49,58227 COMMUNICATIONS
31 EARTHWORK 125,09031 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 409,96646 WATER AND WASTEWATER TREATMENT PLANTS

RP Recycled Water Pump Station 1,144,991
01 1,965,405
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Project Number:     148314-001-005
Estimate Issue:     2

Due Date:     3/24/2016

WATER RE-USE STUDY - CONVEYANCE PUMPING ALT 2 Estimator:     Dummer, Catherine

Estimate Totals

Description Rate Hours Amount Totals
Labor 1,990 hrs 251,046

Material 453,191
Subcontract 281,964
Equipment 505 hrs 35,950

Other

1,022,151 1,022,151

Contractor OH&P 10.000 % 102,215

Sales Tax - Material and Other 8.625 % 31,029

Net Markups 133,244 1,155,395

Contractor General Conditions 12.000 % 138,647

138,647 1,294,042
Undesign/Undevelop Contingency 35.000 % 452,915

452,915 1,746,957
Bonds and Insurance 3.500 % 61,144

61,144 1,808,101
Escalation to Midpoint (ALL) 8.700 % 157,305

Gross Markups 157,305 1,965,406

Total 1,965,406
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Dummer, Catherine

WATER RE-USE STUDY - CONVEYANCE PUMPING ALT 3

CITY OF BENICIA
WATER RE-USE STUDY - CONVEYANCE PUMPING ALT 3

CONCEPTUAL CLASS 5

Estimator Dummer, Catherine

BC Project Manager Mallika Ramanathan
BC Office Walnut Creek

Estimate Issue No. 2
QA/QC Reviewer Don Snowden

QA/QC Review Date 3/9/2016
BC Estimate Number 148314-001-005

Notes PROCESS LOCATION/AREA INDEX
______________________________

Conveyance Pumping Alternative 3
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Project Number: 148314-001-005
Estimate Issue Number: 2

Bid Date: 3/24/2016
Estimator: Dummer, Catherine

WATER RE-USE STUDY - CONVEYANCE PUMPING ALT 3

Estimate Breakdown Gross Total Cost
w/Markups

01 01 
RP Recycled Water Pump StationRP Recycled Water Pump Station

03 CONCRETE 217,66703 CONCRETE
05 METALS 9,75505 METALS
08 DOORS & WINDOWS 11,54508 DOORS & WINDOWS
22 PLUMBING 173,38022 PLUMBING
26 ELECTRICAL 148,75926 ELECTRICAL
27 COMMUNICATIONS 49,64927 COMMUNICATIONS
31 EARTHWORK 125,25831 EARTHWORK
46 WATER AND WASTEWATER TREATMENT PLANTS 410,50046 WATER AND WASTEWATER TREATMENT PLANTS

RP Recycled Water Pump Station 1,146,513
01 1,146,513
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Project Number:     148314-001-005
Estimate Issue:     2

Due Date:     3/24/2016

WATER RE-USE STUDY - CONVEYANCE PUMPING ALT 3 Estimator:     Dummer, Catherine

Estimate Totals

Description Rate Hours Amount Totals
Labor 1,392 hrs 170,863

Material 292,588
Subcontract 104,960
Equipment 362 hrs 25,937

Other

594,348 594,348

Contractor OH&P 10.000 % 59,435

Sales Tax - Material and Other 8.625 % 20,214

Net Markups 79,649 673,997

Contractor General Conditions 12.000 % 80,880

80,880 754,877
Undesign/Undevelop Contingency 35.000 % 264,207

264,207 1,019,084
Bonds and Insurance 3.500 % 35,668

35,668 1,054,752
Escalation to Midpoint (ALL) 8.700 % 91,763

Gross Markups 91,763 1,146,515

Total 1,146,515
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Attachment B 

Structural Observations – Existing 
2 Million Gallon Reservoir 
The purpose of this memorandum is provide a summary of observations made during a site visit 
made on November 4, 2015 to an existing 2 million gallon (MG) water storage reservoir located in 
Benicia, California. The purpose of the visit was to determine the extent of structural repairs and 
retrofit that may be required to place the reservoir back in service as storage for recycled water.  

Introduction 
The Benicia Water Reuse study evaluated several options for delivering approximately 2 mgd of 
recycled water from the City of Benicia to the Valero Benicia Refinery. Alternative 1 of this study 
included use of an existing reservoir to store recycled water. This reservoir is a below grade structure 
located on a bluff near the intersection of Park Road and Interstate 780 in Benicia, California 
(Figure 1). The tank is rectangular with approximate dimensions of 235ft x 120ft x 20ft deep. It was 
constructed in 1881 by the United States Army and was used periodically to store potable water until 
being decommissioned in the 1960’s.  

 

 
Figure 1. Location of Benicia reservoir 
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Site Visit and Observations 
On November 4, 2015, Mary Goodson, S.E. went into the buried reservoir to make observations 
regarding its current condition and to provide an opinion regarding feasibility of structural 
improvements that may be necessary to bring the structure into compliance with current building 
codes.  

The site visit began with a walk around the reservoir perimeter to observe the general condition of 
the top soil and roof construction. No obvious signs of gaps between the wall and soil were observed. 
The roof is constructed of sheets of corrugated steel attached to roof beams and purlins below 
(Figure 2). No measurements were taken of the sheets or method of attachment to the roof 
structure, as the roof did not appear to be designed to carry significant weight.   

Access to the reservoir interior was obtained via climbing through an access hatch and down a 
ladder. The reservoir’s interior walls are sloped at approximately 2V:1H making the bottom floor 
dimensions about 210 ft x 100 ft. (Figure 3). The walls appear to be constructed of a cementicious 
material; likely gunite. Although several cracks were observed, there were no signs of discoloration 
evident, so it can be assumed that the walls are likely unreinforced. The floor appears to be 
constructed of concrete and is moderately cracked throughout the base; again, no discoloration 
observed so it is reasonably certain the floor is unreinforced as well. It is interesting to note that 
there is a large floor crack located along the west end of the floor slab. This crack appeared to 
approximately ¼-inch thick (Figure 4).  

 

 
Figure 2. Reservior roof 
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Figure 3. Inside wall 

 

 
Figure 4. Floor crack at west end of basin 
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The reservoir roof is supported on a grid of 2 x 18 wooden beams supported on 4 x 4 wooden posts 
in the center of the reservoir and resting on top of the reservoir wall at the perimeter. The wooden 
posts are placed on a 21 x 6 grid. The actual spacing between post rows is irregular. 3 x 6 purlins 
span between the beams to provide support for the corrugated metal roofing. The wooden posts are 
supported on 6x16 wooden planks seated on top of 12 x 16 wooden planks. It is noted that there is 
no positive connection between the post and the support. The roof beams are braced to the wall 
using 1 x 6s. It could not be ascertained how the braces are attached to the walls. (Figures 5 
through 8). 

 

 
Figure 5. Reservoir interior 
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Figure 6. Beam braces attached to wall 

 

 
Figure 7. Post support 
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Figure 8. Beam support 

 

Discussion  
The Benicia Reservoir is nearly 135 years old and located in a region of high seismicity. The overall 
condition is considered marginal. The reservoir appears to be reasonably sound for support of static 
loads; the extensive cracking and leakage is of concern. Further, the lack of positive connections at 
the beams and post indicates that the roof support system has little or no lateral force resisting 
capacity, which would be needed to resist hydrodynamic loads that would occur in the event of an 
earthquake. 

There are no construction documents available for this reservoir so any renovations would first 
involve intensive testing to establish concrete strength and determine whether the walls and floor 
contain reinforcing. Minimally, the cracks would need to be repaired. More likely, a new perimeter 
reinforced gunite wall system would need to be constructed; both for hydrodynamic loads and to 
make the reservoir watertight. The roof support system would require modifications to all 
connections and perhaps replacement of several of the framing members. The corrugated steel 
roofing material would need to be replaced with a true diaphragm that can transfer lateral loads 
from the frames into the walls.  

Geotechnical information would need to be obtained to establish slope stability and whether any 
ground improvements might be needed. Although no signs of sloughing or landslides were observed 
during the site visit, it would be prudent to establish a baseline and understand the geology of the 
surrounding area. 
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Conclusions 
Although no calculations were performed to determine structural adequacy of the reservoir, it is clear 
that based on age and condition a significant amount of retrofit and renovation would be required to 
place it back into service as part of the Benicia recycled water program. 
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Attachment C: USA Design Inquiry Results 
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Owner Name Contact Phone Address A B C D E
ATTCAL (AT&T TRANSMISSION 
CAL)  

ONE-CALL PROCESS 
MANAGER JIM A  

(770) 929 - 4730  2535 E. 40TH DENVER, CO 
80205  X

COMNPA (COMCAST-NAPA)  UTILIQUEST ANYONE  X X

CTYBEN (CITY BENICIA)  MIKE ROBERTS  (707) 746 - 4240  X X

PACBEL (PACIFIC BELL)  

AT&T - RECORD 
REQUESTS 
CONSTRUCTION & 
ENGINEERING  

870 N MCCARTHY BLVD 
MILPITAS, CA 95035  X X

PGEVJO (PGE DISTR VALLEJO) 
 

R R  (800) 743 - 5000 
x 00  X X

VALERO (VALERO REFINING 
CO - CA)  

DENNIS HIRTH  (707) 745 - 7245  X X X X

Owner Name Contact Phone Address A B C B 
ATTCAL (AT&T TRANSMISSION 
CAL)  

ONE‐CALL PROCESS 
MANAGER JIM A  

(770)929‐4730  
2535 E. 40TH DENVER, CO 
80205  

X X X X

COMNPA (COMCAST‐NAPA)   UTILIQUEST ANYONE   X X X X

CTYBEN (CITY BENICIA)   MIKE ROBERTS   (707)746‐4240   X X X X

PACBEL (PACIFIC BELL)  
AT&T ‐ RECORD REQUESTS 
CONSTRUCTION & 
ENGINEERING  

870 N MCCARTHY BLVD 
MILPITAS, CA 95035  

X X X X

PGEVJO (PGE DISTR VALLEJO)   R R  
(800)743‐5000x00 
 

X X X X

TERDEX (TERRADEX INC.)  Bob Wenzlau  (650)227-3251  855 El Camino Real #309 
Palo Alto, CA 94301  X X X

VALERO (VALERO REFINING CO 
‐ CA)  

DENNIS HIRTH   (707)745‐7245   X X X

Owner Name Contact Phone Address A B C
ATTCAL (AT&T TRANSMISSION 
CAL)  

ONE‐CALL PROCESS 
MANAGER JIM A  

(770)929‐4730  
2535 E. 40TH DENVER, CO 
80205  

X

COMNPA (COMCAST‐NAPA)   UTILIQUEST ANYONE   X

CTYBEN (CITY BENICIA)   MIKE ROBERTS   (707)746‐4240   X

PACBEL (PACIFIC BELL)  
AT&T ‐ RECORD REQUESTS 
CONSTRUCTION & 
ENGINEERING  

870 N MCCARTHY BLVD 
MILPITAS, CA 95035  

X

Utility Segment
Alternative 3 ‐ Hybrid Alignment

Alternative 2 ‐ City ROW Alignment

Alternative 1 ‐ Refinery Pipe Rack Alignment

Utility Segment

Utility Segment

\\bcwckfp01\projects\148000\148314 ‐ Valero Feasibility Study\05‐Conveyance Alternatives\Conveyance TM\Attachment C ‐USA Design Inquiry Results.xlsx
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PGEVJO (PGE DISTR VALLEJO)   R R  
(800)743‐5000x00 
 

X

TERDEX (TERRADEX INC.)  Bob Wenzlau  (650)227-3251  855 El Camino Real #309 
Palo Alto, CA 94301  

VALERO (VALERO REFINING CO 
‐ CA)  

DENNIS HIRTH   (707)745‐7245   X X X
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Customer w/in 0.25 mi of pipe C Commercial Meter
Customer w/in 0.5 mi of pipe IR Irrigation Meter 
Customer w/in 1 mi of pipe IM City‐owned Irrigation Meter

Name Demand (gpd) Category Address
VICTORIAN VILLAGE H.O.A. 1525 IR 745 ‐767 MILITARY EAST

LERA VILLAGE HOA 750 IR 1300 EAST 7TH STREET
CLOCKTOWER GROVE HOA 2457 IR 735 BUCHANAN

Military Cemetary
CITY OF BENICIA 1794 IM 2100 CASA GRANDE

ASSOCIATION BAY VISTA BUSINESS 2164 IR 2990 BAY VISTA COURT

BV PROPERTIES 6 IR 3070 BAY VISTA COURT
METLSAW SYSTEMS INC. 367 C 2950 BAY VISTA COURT
MOSHER INDUSTRIAL 129 C 2990 BAY VISTA COURT
MOSHER INDUSTRIAL 123 C 2970 BAY VISTA COURT
APS WEST COAST 78 C 1997 ELM

DELANOY‐TREADWELL CO. 334 C 3195 PARK ROAD
MELVIN LOE 10 C 3140 PARK ROAD

SMYERS ‐ NOUROT 72 C 675 EAST H STREET
F3 & ASSOCIATES 148 C 701 EAST H STREET
CITY OF BENICIA 14768 IM EAST 5TH STREET
CITY OF BENICIA 1512 IM 614 EAST 5TH STREET
CITY OF BENICIA 96 IM 614 EAST 5TH STREET
PORTSIDE VILLAGE 4836 IR 435 EAST 5TH STREET
COSTA VISTA HOA 1621 IR 1736 LINDO STREET
CITY OF BENICIA 28 IM  5TH STREET
COSTA VISTA HOA 66 C 1761 CASA GRANDE
LERA VILLAGE HOA 0 C 1300 EAST 7TH STREET (REC

RICHARD D. TERRILL, JR. 88 C 675 MILITARY EAST
SMYERS ‐ NOUROT 72 C 675 EAST H STREET
F3 & ASSOCIATES 148 C 701 EAST H STREET
THOMAS ORMOND 295 C 938 ADAMS STREET

SIMPKINS AUTO CARE 281 C 980 ADAMS STREET
STAR MOTORS 207 C 986 ADAMS STREET

BEN. HIST. PARK PLACE #2 133 C 940 ADAMS STREET
BEN. HIST. PARK PLACE 80 C 1090 ADAMS STREET

DUNLOP MANUFACTURING 2 C 1032 ADAMS STREET
APS WEST COAST 156 C 1031 BAYSHORE ROAD
APS WEST COAST 4 C 981 BAYSHORE ROAD

BENICIA HISTORICAL MUSEUM 205 C 2024 CAMEL ROAD
WEAR‐EVER PARTS AND SERVICE 45 C 2283 CAMEL ROAD
BENICIA HISTORICAL MUSEUM 29 C 2060 CAMEL ROAD

Customers Along Alternative Alignment 1
The following customers were identified as potential recycled water users by reviewing City water 
meter data and street address.
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Name Demand (gpd) Category Address
BENICIA COLLISION REPAIR 3 C 2045 CAMEL ROAD
BENICIA BENGALS, LLC 174 C 1350 HAYES STREET

STATE OF CAL. ‐ MILITARY DEP 1297 C 711 HILLCREST
STATE OF CAL.‐ MILITARY DEPT. 6 C 711 HILLCREST AVENUE

BENICIA INTERNATIONAL 174 C 711 JACKSON STREET
SUSIE HARPER SCHOOL OF DANCE 16 C 954 JACKSON STREET

J. R. SCHNEIDER 12 C 915 JACKSON STREET
BENICIA INTERNATIONAL ASSOC. 10 C 750 JACKSON STREET

CALTRANS ‐ D04 (BAUS) 3469 C 1601 PARK ROAD
APS WEST COAST 1789 C 2050 PARK ROAD

AMERICAN CABINETRY 43 C 1879 PARK ROAD
CUBESMART L.P. 2 C 3300 PARK ROAD

S.E COMBINED SERVICES, OF CA I 0 C 1845 PARK ROAD
ST. DOMINIC'S CEMTY. 6828 IR  HILLCREST CEMETERY

DEPT. OF TRANSPORTATION 0 IR 1450 EAST 5TH STREET
CITY OF BENICIA 127 IM 597 EAST L STREET

ALEX'S AUTOMOTIVE 0 IR 3190 BAYSHORE ROAD
QUALITY ERECTORS 564 IR 3130 BAYSHORE ROAD

BENICIA FOUNDRY & IRONWRKS 477 IR 2995 BAYSHORE ROAD

MCJUNKIN RED MAN CORPORATION 713 IR 3110 BAYSHORE ROAD

INTERSTATE BATTERIES 109 IR 2990 BAYSHORE ROAD

RUSZEL WOODWORKS, INC 4 IR 2980 BAYSHORE ROAD
PONDEROSA PROPERTIES 80 IR 3000 BAYSHORE ROAD

FLEETVIEW SELF STORAGE 389 IR 2991 BAYSHORE ROAD

IRONWORKERS APPRENTICESHIP 0 IR 3150 BAYSHORE ROAD
CITY OF BENICIA 715 IM COMMANDANTS LANE

ROBERT WHITEHEAD 562 C 949 GRANT STREET
ROBERT WHITEHEAD 529 C 941 GRANT STREET
KAREN WATSON 486 C 983 GRANT STREET

SHOEN STEIN COMPANY 152 C 932 GRANT STREET
JASON LINGNAU 92 C 1000 GRANT STREET

COMMAND POST ASSOC. 29 C 1060 GRANT STREET
JAMES SHELBY 14 C 1043 GRANT STREET
REED ROBBINS 105 C 1063 JEFFERSON STREET

VALLEY FINE FOOD 22071 C 3909 PARK ROAD SUITE H
ARSENAL VILLAGE 422 C 1051 TYLER ROAD

POLY INVESTMENT WESTERN 131 C 946 TYLER ROAD
APS WEST COAST 45 C 1051 TYLER ROAD

POLY INVESTMENT WESTERN 14 C 954 TYLER ROAD
ARSENAL VILLAGE 449 C 991 TYLER STREET
ARSENAL VILLAGE 342 C 991 TYLER STREET
ARSENAL VILLAGE 121 C 991 TYLER STREET

BENICIA UNIFIED SCHOOL 6972 IR 400 EAST K STREET
BENICIA UNIFIED SCHOOL 219 IR 350 EAST K STREET

DR. ARUN ANAND 88 IR 1208 EAST 5TH STREET
BENICIA UNIFIED SCHOOL 332 C 2015 EAST 3RD STREET
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Name Demand (gpd) Category Address
BEN. CONG. JEHOVAH'S 164 C 1845 EAST 3RD STREET
ST. DOMINIC'S SCHOOL 602 C 935 EAST 5TH STREET
BAY AREA SHIP SERVICES 133 C 201 EAST 5TH STREET

SOUTHAMPTON PET HOSPITAL 355 C 490 EAST L STREET
MICHAEL REED 39 C 479 EAST L STREET

BOB HUFFMAN CALTRANS ‐ D04 (B 0 IR 7TH STREET
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Customer w/in 0.25 mi of pipe C Commercial Meter
Customer w/in 0.5 mi of pipe IR Irrigation Meter 
Customer w/in 1 mi of pipe IM City‐owned Irrigation Meter

Name Demand (gpd) Category Address
FEATHERER PET STORE 459 C 1202 EAST 5TH STREET
DR. ARUN ANAND 271 C 1208 EAST 5TH STREET

ROBERT'S CHINA GARDEN INC. 1687 C 1239 EAST 5TH STREET
LAI SAECHAE 25 C 1301 EAST 5TH STREET

CHARLES ALVES 191 C 133 137 EAST E STREET
HOLIDAY INN 1629 C 1375 EAST 5TH STREET

T.R.T. REAL ESTATE 258 C 1421 EAST 5TH STREET
CIRCLE R FOOD MART, INC. 59 C 1500 EAST 5TH STREET
VALERO REFINING CO., CA 46235 C 3300 EAST 2ND STREET
ST. DOMINIC'S SCHOOL 215 C 428 EAST J STREET
CHURCH OF CHRIST 150 C 430 EAST N STREET

ST. DOMINIC'S 178 C 433 EAST I STREET
BENICIA UNIFIED SCHOOL 16 C 440 EAST K STREET

JACK ANTHONY 1457 C 451 EAST O STREET
LIQUOR WAREHOUSE 184 C 457 MILITARY EAST

DENISE MAHER 125 C 470 EAST O STREET
ST. DOMINICS PARISH 1400 C 475 EAST I STREET
F & P TROPHY SALES 27 C 475 MILITARY EAST

BENICIA CAC 59 C 480 MILITARY EAST
SOUTHLAND CORP. #26231 221 C 500 MILITARY EAST

TRI ‐CITY GAS 273 C 505 MILITARY EAST
TRI‐ CITY AUTO WASH 105 C 505 MILITARY EAST

NORTHBAY CHURCH OF CHRIST 299 C 525 MILITARY EAST
BEST WESTERN ‐ BENICIA 1195 IR 1955 EAST 2ND STREET

CITY OF BENICIA 0 IM 2250 EAST 2ND STREET
CITY OF BENICIA 0 IM 3503 EAST 2ND STREET

ST. DOMINIC'S CEMTY. 6828 IR  HILLCREST CEMETERY
PORTSIDE VILLAGE 4836 IR 435 EAST 5TH STREET
DR. ARUN ANAND 88 IR 1208 EAST 5TH STREET

DEPT. OF TRANSPORTATION 0 IR 1450 EAST 5TH STREET
BENICIA UNIFIED SCHOOL 6972 IR 400 EAST K STREET
BENICIA UNIFIED SCHOOL 219 IR 350 EAST K STREET
SECLUDED KNOLLS ASSOC. 707 IR 349 EAST T STREET

COSTA VISTA HOA 1621 IR 1736 LINDO STREET
CITY OF BENICIA 0 IM 614 EAST 5TH STREET
CITY OF BENICIA 0 IM 614 EAST 5TH STREET
CITY OF BENICIA 0 IM 614 EAST 5TH STREET
CITY OF BENICIA 0 IM  5TH STREET

Customers Along Alternative Alignment 2
The following customers were identified as potential recycled water users by reviewing City water 
meter data and street address.
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Name Demand (gpd) Category Address
BENICIA UNIFIED SCHOOL DIST 4845 IR 1900 EAST 2ND STREET

BENICIA UNIFIED SCHOOL 904 IR 2015 EAST 3RD STREET
VALERO RETAIL PAYABLES #3789 947 IR 1925 EAST 2ND STREET

CALTRANS ‐ D04 35 IR 200 EAST S STREET
BENICIA UNIFIED SCHOOL 332 C 2015 EAST 3RD STREET
ST. DOMINIC'S SCHOOL 602 C 935 EAST 5TH STREET

SOUTHAMPTON PET HOSPITAL 355 C 490 EAST L STREET
MICHAEL REED 39 C 479 EAST L STREET

VALERO RETAIL PAYABLES 4334 C 1925 EAST 2ND STREET
BEST WESTERN ‐ BENICIA 3414 C 1955 EAST 2ND STREET
BENICIA UNIFIED SCHOOL 31 C 350 EAST K STREET

CJM PROPERTY MANAGEMENT 309 C 400 ‐418 MILITARY EAST
BIG O TIRES #241 164 C 415 MILITARY EAST
MCINERNEY TRUST 365 C 425 MILITARY EAST
CITY OF BENICIA 0 IM B STREET
CITY OF BENICIA 0 IM 370 EAST L STREET

STERLING HEIGHTS 3720 IR 150 RANKIN WAY
STERLING HEIGHTS 3707 IR 150 RANKIN WAY
STERLING HEIGHTS 27 IR 150 RANKIN WAY
CITY OF BENICIA 0 IM 597 EAST L STREET
COSTA VISTA HOA 66 C 1761 CASA GRANDE

BEN. CONG. JEHOVAH'S 164 C 1845 EAST 3RD STREET
LERA VILLAGE HOA 0 C 1300 EAST 7TH STREET (REC

RICHARD D. TERRILL, JR. 88 C 675 MILITARY EAST
SMYERS ‐ NOUROT 72 C 675 EAST H STREET
F3 & ASSOCIATES 148 C 701 EAST H STREET

PAM DIXON 162 C 161 & 175 EAST D STREET
KERRY CARNEY 156 C 164 EAST H STREET

KAREN HAMILTON 824 C 235 EAST L STREET
MIKE KRISTIE 139 C 237 EAST J STREET

VILLAGE PLAZA ASSOC. 311 C 291 EAST H STREET
BENICIA HOUSING PARTNERS 2006 IR 91 RIVERVIEW TERRACE

CITY OF BENICIA 0 IM 1200 EAST 2ND STREET
HING PROPERTIES 244 IR 1399 EAST 2ND STREET

QUALITY DENTAL LAB 307 IR 1440 EAST 2ND STREET
MCDONALD'S RESTAURANT 1244 IR 1602 EAST 2ND STREET

PORTSIDE VILLAGE 5082 IR 448 EAST 2ND STREET
CITY OF BENICIA 0 IM 800 EAST 2ND STREET
CITY OF BENICIA 0 IM EAST 3RD & I STREET
BENICIA MARINA 1789 IR 266 EAST B STREET
BENICIA MARINA 443 IR 266 EAST B STREET
BENICIA MARINA 332 IR 266 EAST B STREET
BENICIA MARINA 137 IR 266 EAST B STREET
PATRICK ROETZER 141 IR 142 EAST D STREET

QUEENA MAGIODORA 61 IR 172 EAST D STREET
PAM DIXON 275 IR 175 EAST D STREET
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Name Demand (gpd) Category Address
CITY OF BENICIA 0 IM 205 EAST E STREET
CITY OF BENICIA 0 IM MARINA

POINTE BEN CONDO ASSOC 8380 IR MARINA VILLAGE
LERA VILLAGE HOA 750 IR 1300 EAST 7TH STREET

VILLAGE PLAZA ASSOC. 832 IR 291 EAST H STREET
BENICIA YACHT CLUB 1070 C 400 EAST 2ND STREET
BENICIA MARINA 428 C 430 EAST 2ND STREET

BAY AREA SHIP SERVICES 133 C 201 EAST 5TH STREET
US POSTAL SERVICE 201 C 290 EAST L STREET
CITY OF BENICIA 0 IM 7TH STREET



 

 

 

 

ID  Customer 
Demand 
(gpd) 

Tier 1 

A1  Victorian Village HOA 1,525

A2  Lera Village HOA  750 

A3  Clocktower Grove HOA 2,457

A4  Military Cemetery

A5  City of Benicia 1,794 
A6  Association Bay Vista Business 2,164

A7  BV PROPERTIES 6

T1  City of Benicia 16,376 
T2  Portside Village HOA  4,836 

T7  Costa Vista HOA  1,621 

   City of Benicia 28 
Tier 1 Total Demand  31,557  

Tier 2 
T8  St Dominic's Cemetery  6,828 

T6  Caltrans  0 

T5  City of Benicia 127 
Tier 2 Total Demand   6,955 

Tier 3 
C1  Alex's Automotive 0

C2  Ironworks Apprenticeship 0

C3  Quality Erectors 564

C4  Benicia Foundry & Ironworks 477

C5  MckJunkin Red Man Corp 713

C6  Interstate Batteries 109

C7  Ruszel Wookworks, Inc 4

C8  Ponderosa Properties 80

C9  Fleetview Self Storage 389

C10  City of Benicia 715 
T3  Liberty High School  7,191 

T4  Dr. Arun Anand  88 

Tier 3 Total Demand  10,330 
Total Demand  48,843 
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Figure 1 
Oct 2015 

Benicia Water Reuse Project 

Customers along Alternative Alignment 1 
(Valero Pipe Rack Alignment) 
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Figure 2 
Oct 2015 

Benicia Water Reuse Project 

Customers along Alternative Alignment 2 
(City ROW Alignment) 
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