WASTEWATER TREATMENT PLANT
MASTER PLAN
2. BASIS OF PLANNING

This chapter includes detailed background of the Wastewater Treatment Plant Master Plan’s
(Plan) development, goals and objectives. Additionally, this chapter provides a description of
current and projected regulatory requirements and the Napa Sanitation District’s (District)
existing pollution prevention practices. It presents an overview of existing treatment and
recycling facilities, and concludes with a discussion of proposed system reliability criteria.

2.1
2.1.1

Background, Goals and Objectives
Background

The Plan incorporates information developed in other District efforts for its collection, recycled
water and supervisory control and data acquisition (SCADA) systems. In particular, the Plan
addresses the following needs, deficiencies and recommendations previously identified by
District staff through ongoing operations and through recent studies (Carollo Engineers
October 2008, Brown and Caldwell July 2008a, Brown and Caldwell July 2008b, Winzler
& Kelly October 2007, and Winzler & Kelly May 2009):
• Current influent loadings are approximately equal to the design loadings established in the
Phase 2 upgrade; hence, the WWTP is approaching its design capacity.
• Maximum-month nitrogen loading to the activated sludge process apparently exceeds the
design loading. Further analysis, especially of peak conditions, is needed as part of this
project.
• Year-round nitrification is recommended to increase operational stability of the activated
sludge process and to achieve suitable secondary effluent quality required for stable
operation and performance of the existing filtration and disinfection facilities.
• Oxidation pond structures require refurbishment or replacement.
• Primary treatment hydraulic limitations need to be investigated. Chemically enhanced
primary treatment to provide short- and/or long-term activated sludge pollutant load
reduction is recommended for investigation.
• The influent pump station’s (IPS’s) firm capacity is below influent peak wet weather
flows; hence, it warrants expansion.
An important Plan component is continued compliance with discharge requirements for the Napa
River. Napa River discharge requirements discussed in this Plan are based on the 2011 National
Pollutant Discharge Elimination System (NPDES) permit (adopted on February 9, 2011 and
made effective on April 1, 2011). Discharges to the river normally only occur from November 1
through April 30, hereafter referred to as the winter river discharge operational mode. Based on
recent data from November 1 through April 30, the average discharge of treated water to the
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river is 14.7 million gallons per day (mgd). During the summer reclamation operational mode
(May 1 through October 31), the District routes flow in excess of recycled water demands to the
oxidation ponds for treatment and temporary storage. Discharge to the Napa River during the
summer reclamation operational mode, due to late spring rains for example, is considered an
emergency discharge, for which the District notifies the Regional Water Quality Control Board,
San Francisco Bay Region (SFRWQCB) of such an event. More stringent permit conditions
apply during emergency discharge, as discussed below.
The Wastewater Treatment Plant (WWTP) differs from many treatment facilities because its
process train includes parallel mechanical treatment and oxidation pond systems, with
considerable storage as part of the oxidation ponds. Owing to the considerable storage volume in
the ponds, the District can route the influent flow entering the WWTP to the ponds. After storage
(sometimes for many months), the District treats stored water and either sends it to the District’s
recycled water customers or discharges it to the Napa River. As stated in the District’s current
NPDES permit, the WWTP has a permitted nominal dry weather discharge capacity of 15.4 mgd.
Currently, the District produces recycled water in the WWTP to meet demands, such as
landscape irrigation on industrial parks, golf courses, vineyards and ball fields. The recycled
water is Title 22 unrestricted-use recycled water (see Appendix D for Title 22 limitations).
Maintenance and optimization of the recycled water program are essential to successful WWTP
operations. The District must either discharge effluent to the river or send recycled water to its
customers. The Plan only addresses recycled water demands based on three demand scenarios
taken from the District’s Recycled Water Strategic Plan (Larry Walker Associates,
August 2005).
Much of this Plan’s analysis focused on the secondary (biological) treatment system, specifically
the aeration basins and secondary clarifiers. But the Plan also recognizes and addresses how the
mechanical plant and the oxidation ponds must work in tandem to manage wastewater treatment,
onsite storage and disposal/reuse. The Plan makes recommendations for the secondary system
within the planning period. The District intends to retain and expand (if needed) unit processes
listed below:
• Influent pumping station (IPS)
• Headworks facilities, including screening and aerated grit removal
• Primary treatment using primary clarifiers
• Dissolved air flotation thickener (DAFT) for thickening waste sludge streams, potentially
including primary sludge, waste activated sludge (WAS) and flocculating clarifier sludge
streams
• Sludge gas recovery and reuse
• Dewatering using belt filter presses (BFP)
These processes were evaluated to determine current capacity, useful lifetime, redundancy and
expansion needs.
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Goals and Objectives

The primary Plan goal is to provide adequate wastewater treatment capacity through 2030, based
on meeting defined Levels of Service (LOS) at the lowest practical cost. The Plan assumes that
permit requirements under the 2011 permit will apply throughout that 20-year planning period;
however, the Plan does present limited evaluation of, and recommendations for, a possible
change in requirements beyond 2011, i.e., ammonia oxidation or removal prior to river
discharge. Equalizing primary and/or activated sludge effluent will be considered to increase the
mechanical biological treatment capacity, and/or to facilitate better routine operation of
downstream processes. In addition, the Plan may recommend expanding the secondary treatment
system to accommodate capacity needs, but this expansion would be limited to modifying or
expanding the existing activated sludge process only (the existing aeration basins and secondary
clarifiers) and replacing existing oxidation pond aerators and adding more pond aeration
capacity.
Additional key goals established in completing this Plan include:
• Analyzing processes to determine their current capacity and identify any detrimental
impacts of the processes to the overall WWTP capacity.
• Identifying unit processes’ useful lifetime, redundancy requirements, and any expansion
needs within the planning period.
• Determining and demonstrating the general condition and capacity of the WWTP and its
individual process units using full-scale testing and process models when applicable. Work
includes inspecting existing facilities with District staff.
• Complete sampling, testing and modeling of existing facilities to identify existing
bottlenecks and identify cost-effective methods for accommodating planned growth.
• Identifying alternatives to meet future capacity needs by using a business case evaluation
process to evaluate and select a preferred alternative.
• Preparing a Capital Improvement Program (CIP) that includes a prioritized list of
improvements needed to accommodate growth through the planning period. The CIP will
be based on the preferred alternative and will recommend a phased approach to wastewater
treatment improvements throughout the planning period.
• Developing the preferred alternative to establish recommended implementation by
identifying potential key decision points and response strategies. The Plan addresses
alternative regulatory requirements. The Plan presents “trigger” charts that will indicate
which improvements would be needed to achieve incremental capacity increases based on
flow and loading or performance improvements (e.g., ammonia toxicity control). Trigger
charts will also provide an approximate time, except for recycled water, required to design,
bid, construct and start-up new facilities. For recycled water, customer demand would
trigger required improvements for more capacity.

2.2

Regulatory Framework

This section reviews the regulatory framework for the current District effluent management, lists
current limitations for both effluent discharges and recycling, and presents anticipated changes
developed for the District by Oakley Water Strategies (Oakley Water).
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Regulatory Overview

In 1969, the California State Legislature adopted the Porter-Cologne Water Quality Act and
established the California State Water Resources Control Board (SWRCB), the primary state
agency responsible for protecting California’s surface water quality and groundwater supplies.
In adopting the Clean Water Act in 1972, Congress established the NPDES and provided
program administration authority to the United States Environmental Protection Agency
(USEPA). NPDES is the primary federal program that regulates point- and non-point source
discharges to surface waters of the United States. In California, the USEPA has delegated
authority in administering and enforcing provisions of the Clean Water Act (Section 303) for the
NPDES program to the SWRCB, except for biosolids that are administered by USEPA. The
SWRCB divided the state into nine regional basins with a Regional Water Quality Control Board
(RWQCB) for each basin. Each RWQCB issues NPDES discharge permits that establish waste
discharge requirements for entities within its jurisdiction.
State law requires that each RWQCB adopt a Water Quality Control Plan (Basin Plan) to identify
beneficial uses of the State’s water resources, establish water quality objectives, and develop an
implementation program that includes waste discharge requirements. Pursuant to Section 303 of
the Clean Water Act, each RWQCB must review and update its Basin Plans every three years.
Each RWQCB also must renew NPDES permits every five years. If an RWQCB adopts more
stringent water quality standards, each RWQCB will revise and modify existing NPDES permits
within its region in accordance with the new standards during permit review.
The District is within the San Francisco Bay Basin—Region 2, overseen by SFRWQCB. The
SFRWQCB periodically updates the San Francisco Bay Basin Plan through the adoption of
Basin Plan Amendments.
2.2.2

Current NPDES Discharge Requirements

The SFRWQCB adopted the District’s most recent NPDES permit for the District’s WWTP on
February 9, 2011. Appendix C includes a copy of this permit, identified as Order
No. R2-2011-0007, NPDES Permit No. CA0037575. The SFRWQCB also issued the Mercury
Watershed Permit made effective March 1, 2008, and amended on March 9, 2011, to incorporate
requirements for polychlorinated biphenyls (PCBs) (Order No. R2-2011-0012), which also
applies to the District. On March 9, 2011, SFRWQCB adopted a blanket amendment for
pretreatment requirements (Order No. R2-2011-0009). These requirements also apply to the
District. Text and tables on subsequent pages summarize applicable permit requirements
pertaining to the District’s effluent quality.
The District is prohibited from discharging average dry weather flows (ADWFs) greater than
15.4 mgd , and is only allowed to discharge from May 1 through October 31 (dry season) under
emergency conditions, including conditions involving late spring rainfall when an exceedance of
oxidation pond storage capacity would otherwise be imminent.
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Effluent and Receiving Water Limitations

The NPDES permit includes effluent limitations for conventional and trace constituents.
Wastewater processes must remove at least 85 percent of influent five-day biochemical oxygen
demand (BOD) and total suspended solids (TSS). For bacteriological quality, the monthly
average concentration for Enterococcus must not exceed 35 colonies per 100 milliliter (mL). For
acute toxicity bioassay, the 11-sample median value must be greater than or equal to 90 percent
survival, and any single sample must not be less than 70 percent survival. Several receiving
water limitations specify that the District must not cause adverse conditions in the receiving
water resulting from the discharge.
2.2.4

Summary of Current Effluent Limitations

Tables 2-1 and 2-2 present the numeric effluent limitations for conventional and nonconventional
pollutants for the wet season and dry season, respectively. Table 2-3 presents currently
applicable limitations for trace pollutants, which are the same for wet and dry seasons.
Table 2-1. Conventional and Non-conventional Pollutants Effluent Limitations for Wet Season Discharges
Units

Monthly
Average

mg/L

30

45

--

--

mg/L

25

40

--

--

mg/L

30

45

--

--

mg/L

10

--

20

--

Ammonia

mg/L

21

Chlorine Residual2

mg/L

--

Constituent
BOD1
Or
CBOD
TSS

1

Oil & Grease

Weekly
Average

Daily
Minimum

6.5

pH

Daily
Maximum

Instantaneous

8.5
49

--

--

0.0

Notes:
1
BOD is five-day biochemical oxygen demand; CBOD is carbonaceous biochemical oxygen demand; TSS is Total Suspended Solids; mg/L is
milligrams per liter.
2
The chlorine residual requirements are defined as below the limit of detection in Standard Methods.

Table 2-2. Conventional and Non-conventional Pollutants Effluent Limitations for Dry Season Discharges
Constituent

Units

Monthly
Average

Weekly
Average

Daily
Minimum

Daily
Maximum

Instantaneous

BOD1

mg/L

10

20

--

--

TSS1

mg/L

20

30

--

--

Oil & Grease

mg/L

10

--

20

--

pH

6.5

Ammonia

mg/L

21

Chlorine Residual2

mg/L

--

8.5
49

--

--

Notes:
1
BOD is five-day biochemical oxygen demand; TSS is Total Suspended Solids; mg/L is milligrams per liter.
2
The chlorine residual requirements are defined as below the limit of detection in Standard Methods.
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Table 2-3. Trace Pollutants Effluent Limitations for Wet and Dry Season Discharges
Water-Quality-Based Effluent Limitations (WQBELs) 1, 3
2

Constituents

Units

Average Monthly

Maximum Daily

Copper

µg/L

9.4

16

Mercury

µg/L

0.066

Nickel

µg/L

7.8

10

Cyanide

µg/L

6.4

15

Dioxin-TEQ

µg/L

1.4 x 10-8

2.8 x 10-8

PCBs

µg/L

0.012

0.017

0.072

Notes:
1
Compliance with these limitations is intended to be achieved through secondary treatment and, as necessary, pretreatment and
source control. See the permit in Appendix C for other conditions.
2
Micrograms per liter (µg/L) is micrograms per liter. mg/L is milligrams per liter.
3
See permit for details such as laboratory detection requirements.

2.2.5

Discharge Requirement Assumptions for Alternatives Evaluation

To provide a basis of planning for the report, Oakley Water analyzed effluent data and provided
a range of potential estimated water-quality-based effluent limitations (WQBELs). The
WQBELs anticipated by Oakley Water were substantively the same as those in the 2011 permit;
however, the District desires to carry forward a broader range of ammonia limits due to the
dynamic regulatory climate for this constituent. Table 2-4 shows the range of estimated potential
future ammonia limits assumed during Plan preparation. Alternatives were developed to meet
both the high and low ammonia limits. The existing winter river discharge limits fall between the
high and low ammonia scenarios evaluated in the Plan. As discussed in later chapters, the
technical evaluation showed that treatment facilities recommended for the high
ammonia-nitrogen limit alternatives are also sufficient for the 2011 permit limits.
Table 2-4. Potential Future Effluent Ammonia Limits
High AmmoniaNitrogen Limit
mg/L

Item

Low AmmoniaNitrogen Limit
mg/L

2011 Permit
Ammonia-Nitrogen
Limit
mg/L

Winter River Discharge Operational Mode (November - April)
Average monthly effluent limitation

45

10

21

Maximum daily effluent limitation

109

25

49

Summer Reclamation Mode (Emergency Discharge Only) (May - October)
Average monthly effluent limitation

9

2

21

Maximum daily effluent limitation

22

5

49

2.2.6

Recycled Water

The Porter-Cologne Act established health-related standards for using recycled water under
Title 22, Division 4 of the California Administrative Code. Title 22 is the principal set of
requirements used to regulate recycled (reclaimed) wastewater reuse for irrigation and other uses
that may involve direct or indirect human contact. Senate Bill 1722, which became law in 1994,
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changed the terminology from “reclaimed water” to “recycled water.” On January 17, 1996,
SFRWQCB adopted Order 96-011, which includes water reclamation requirements and allows
effluent discharges to land under Title 22. Title 22 defines multiple potential categories of
beneficial use for recycled water, depending on the purpose for which the water is applied and
the likelihood/risk of human contact.
In February 2009, the California SWRCB adopted its Recycled Water Policy. The new policy is
intended to support the SWRCB strategic plan to increase sustainable local water supplies. The
new policy’s purpose is to increase the beneficial use of recycled water from municipal
wastewater sources in a manner that fully conforms to state and federal water quality laws. The
SWRCB also adopted several goals for the next 20 years that focus on increasing recycled water
and stormwater use, improving water conservation, and substituting as much recycled water for
potable water as possible.
The District has decided that all recycled water produced from the WWTP will be of a quality
suitable for unrestricted reuse, such as irrigation of parks, playgrounds, schoolyards, residential
landscaping, and unrestricted access golf courses; therefore, only that requirement is discussed
herein. Minimum treatment to achieve this performance will include secondary treatment
(oxidization such that organic matter is stabilized and nonputrescible, and contains dissolved
oxygen), coagulation (if secondary effluent turbidity exceeds 2 Nephelometric turbidity
units [NTU]), filtration and disinfection. Filtration is required to achieve turbidity in the filtered
effluent of less than 2 NTU, and disinfection is achieved using chlorine. Bacterial counts in the
disinfected effluent shall be no greater than 2.2 most probable number (MPN) total coliform per
100 milliliters.

2.3

Pollution Prevention

The District has stated that controlling trace constituents at the source is the best means of
keeping pollutants out of the local water environment. Its WWTP removes many trace
constituents successfully but is not designed for consistent trace constituent removal to low
concentrations. Hence, the District has implemented a Pollution Prevention and Source Control
Program to control sources of pollutants to the WWTP. The source control program began in
the 1970s and is constantly evolving with new strategies to further reduce pollutant loadings.
The District implements several programs that encourage and provide incentives to the general
public to reduce certain constituents in wastewater loads. These programs take the form of
information and material exchange with residents and commercial property owners. For
example, the District conducts a residential mercury thermometer exchange program in which
residents are encouraged to bring old mercury thermometers to the District in exchange for new,
non-mercury thermometers. For each thermometer recovered, approximately 0.5 grams of
mercury are disposed of properly and may be prevented from polluting the local water
environment.
An example of a commercial pollution prevention program is the District’s fats, oils and grease
(FOG) program. This program is specifically aimed at restaurants with the goal of reducing the
amount of grease discharged to sewers. Restaurants are required to install and maintain a grease
removal device (a grease trap, interceptor or vault, depending on the type of food service
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business) to collect grease before discharging wastewater to the collection system. This program
also helps reduce sewer overflows caused by pipes clogged with grease, and helps reduce the
damage caused to collection system sewers that can occur from repetitive cleaning.
Table 2-5 lists other pollution prevention tips, practices and permits publicized by the District on
its website that reduce pollutant loading in the District collection system and WWTP.
Table 2-5. Summary of Napa Sanitation District Pollution Prevention
Wastewater Source

Pollution Prevention Area

Tips, Practices and Permits

Residential, Commercial
and Industrial

Automobiles

Antifreeze Disposal Policy
Portable Mat Systems (vehicle wash area requirements)
Vehicle Inspection Form
Oil/Water Separator (vehicle wash area requirements)

Residential

Mercury Thermometers

Thermometer Exchange Program

Residential

Paints

Paint Disposal Policy
Paint Clean-Up Policy

Residential and Commercial

Hazardous Waste

Hazardous Waste Disposal Requirements

Residential and Commercial

Pharmaceutical Waste

Pharmaceutical Waste Disposal Requirements

Residential

Home

Pool/Spa Water Discharge Requirements
FOG Discharge Requirements
Toilet Retrofit Rebate (conversion to lower water volume use toilets)

Commercial

Groundwater Remediation

Industrial User Permit
Wastewater Discharge Permit Application

Commercial

Dry Cleaners

Dry Cleaner Inspection Report
Sewer Use Permit and Conditions

Commercial

Restaurants

FOG Inspection Report for Food Services
Restaurant Inspection and Procedure Outline

Industrial

Cooling Towers

Tributyltin Fact Sheet
Cooling Tower Chemicals and Water Conservation Practices

In addition, the District employs a pretreatment program for industrial and commercial facilities.
Pollutants targeted in the pretreatment program include heavy metals such as copper, lead,
mercury and nickel, and organic material that might elevate BOD loading to the WWTP. The
District encourages the industrial and commercial facilities with high quantities of such
pollutants in their wastewater streams to reduce their concentration and mass before discharging
to the District collection system. The District enforces this pretreatment program in accordance
with federal pretreatment regulations (40 CFR, Part 40), pretreatment standards put forth by the
Clean Water Act, and its NPDES permit.
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The three pretreatment program objectives are to:
• Prevent pollutant introduction into the collection system and WWTP, which, if not
prevented, would interfere with operations, including the use and disposal of municipal
sludge.
• Prevent pollutant introduction into the collection system and WWTP that would otherwise
pass through the WWTP and violate effluent limits.
• Improve District opportunities to recycle and reclaim municipal and industrial wastewater
and sludge streams (40 CFR, 403.2).
Recommended means of pollutant source reduction in the pretreatment program include material
recycling, reuse and conservation, material substitution, product substitution, and process
modifications. The District pretreatment program also supports water recycling and reuse, in
addition to wastewater treatment by the commercial or industrial facility prior to discharge to the
collection system.
The District’s pretreatment program enforcement activities span numerous industrial and
commercial businesses in Napa. Program activities include periodic on-site inspections, permit
writing and administration, discharge sampling, and maintaining a list of industrial and
commercial businesses.

2.4
2.4.1

Overview of Existing Wastewater Facilities
Service Area

The District provides wastewater collection, treatment and disposal services to residents and
businesses in the City of Napa and surrounding unincorporated areas of Napa County. The
District has served the public in this capacity since November 1945. The District service area is
approximately 23 square miles, which includes the entire collection system and the WWTP (see
Figure 2-1).
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Figure 2-1. Napa Sanitation District Service Area
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Wastewater Collection System

More than 33,000 homeowners and businesses connect to the District wastewater collection
system. The collection system has more than 280 miles of underground pipeline, with diameters
ranging from 4 to 66 inches. In addition, the District’s Collection System Department also
maintains approximately 33,000 sewer laterals and 5,700 manholes. All wastewater flow in the
collection system is transported in the network of sewers and three lift stations to the WWTP for
treatment and disposal or reuse.
In 2007, the District updated its Collection System Master Plan (CSMP) (Winzler &
Kelly, October 2007). The previous update was completed in 1988. The 2007 CSMP was based
on projections for development within the District service area. Table 2-6 lists estimates of
increases in residential and commercial/industrial connections to the collection system made in
the CSMP.
Table 2-6. Development Potential in Napa Sanitation District Collection System
Year Range

Residential Dwelling Units

Commercial/Industrial Square Footage (x 1,000)

2005

31,472

11,718

2005-2020

33,343

15,054

2030

39,174

17,054

From Napa Sanitation District Collection System Master Plan Final Report, October 2007

The 2007 CSMP lists the following existing (2005) design flows that were derived from a
hydraulic model of the District’s collection system:
• Average Dry Weather Flow (ADWF): 6.7 mgd
• Peak Dry Weather Flow (PDWF): 12.4 mgd
• Peak Wet Weather Flow (PWWF): 86.4 mgd
The 2007 CSMP hydraulic modeling also projected flow increases for the collection system
within the planning period (2010 through 2030). Projected 2030 flows to the WWTP were:
• ADWF: 8.6 mgd
• PDWF: 15.9 mgd
• PWWF: 89.9 mgd
The projected PWWF—about 90 mgd—would occur if no infiltration and inflow (I/I)
improvements were made to the collection system and collection system capacity improvements
were made to convey all I/I. The 2007 CSMP details approximately $120 million of
recommended capital improvements for existing collection system rehabilitation, mainly to
eliminate bottlenecks (which may actually increase peak flows) and reduce I/I contributions and
resulting peak wet weather flows. Potential increases and decreases in peak flows resulting from
proposed projects are not projected in the 2007 CSMP. Given that the collection system has
known conveyance capacity constraints that limit the peak flow received at the WWTP, the
immediate firm capacity requirement at the WWTP is 60 mgd. After the collection system is
upgraded to address all of the capacity deficiencies, the District might need to increase the firm
capacity to accommodate 90 mgd as stated in the CSMP; however, if the District’s I/I reduction
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efforts prove to be successful, the PWWF at the WWTP would be something less than 90 mgd.
For this Plan, a PWWF of 60 mgd will be assumed, similar to the Influent Pump Station Seismic
Study and Replacement Technical Memorandum (Winzler & Kelly, May 2009).
Projected flows for ADWF and PDWF are as listed above and form the basis when developing
alternatives for WWTP modifications, conceptualizing designs, and providing cost estimates of
improvements.
2.4.3

Treatment Facilities

The WWTP consists of the mechanical plant located in the central treatment plant area, and the
oxidation ponds. Appendix E presents a more detailed description of each WWTP unit process,
including sizing and design criteria. Appendix E also contains overall WWTP flow schematics
(Figure E-1 depicts the summer reclamation mode typical flow pattern and Figure E-2 depicts the
winter river discharge mode typical flow pattern) A synopsis of the information in Appendix E is
provided in this section. Chapter 4 summarizes unit process capacities.
The WWTP treatment facilities include liquid-phase treatment processes, solids handling and
treatment processes, and support facilities. Figure 2-2 presents a simplified flow schematic for
the WWTP. Liquid-phase treatment processes are as follows:
• Influent Pumping: The IPS lifts influent flow from the District’s collection system and
discharges to the WWTP headworks. The IPS firm capacity (largest pump out of service)
is 25 mgd. The IPS capacity is approximately 58 mgd with all pumps in operation, based
on influent flow meter readings. The District’s objective is to provide firm pumping
capacity, that is, capacity with the largest unit out of service; therefore the IPS firm
capacity is now 25 mgd. The District can also install temporary pumps to bypass the IPS.
Flows in excess of 58 mgd are contained in the collection system. A magnetic flow meter
downstream of the IPS and prior to the headworks measures influent flow. Downstream of
the IPS at Manhole 9, flows in excess of approximately 15 mgd are currently diverted over
a weir to the oxidation ponds. When the IPS is operating at its maximum pumping capacity
of approximately 58 mgd, approximately 26 percent of the flow (15 mgd) is conveyed to
the headworks for subsequent treatment while the remaining 64 percent (approximately
43 mgd) is conveyed to the oxidation ponds for subsequent storage and/or treatment.
• Septage Receiving Station: The District operates a septage receiving facility adjacent to the
headworks where local haulers discharge septage through grinding and metering facilities
into two holding tanks. Dedicated pumps transfer septage from the holding tanks and to the
channel ahead of the influent screens in the headworks.
• Preliminary Treatment: The headworks facility includes screening and grit removal that
remove solid material (e.g., rags, rocks, grit and other debris) from the influent wastewater.
The screening process has three channels, two of which contain automatically cleaned fine
screens with 6-mm (1/4-inch) bar spacing. The third channel contains a manually cleaned
bar rack. Screenings are washed and compacted before being transported on a belt
conveyor to a screenings hopper. Screened wastewater flows to two aerated grit tanks
where grit is removed using a dedicated grit pump. The pumped grit slurry is washed and
dewatered with a decanter and spiral-flight grit classifiers before discharge to the grit
hopper. The District contracts for hauling screenings and grit for landfill disposal.
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Figure 2-2. WWTP Schematic
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• Primary Treatment: Two primary clarifiers remove readily settleable solids and organic

•

•

•

•

•

•

material from screened, degritted influent. Primary sludge and scum are collected and
pumped with progressing cavity pumps to the anaerobic digesters. The primary clarifiers
have aluminum geodesic dome covers for capturing foul air, which is then conveyed to a
chemical scrubber odor control facility.
Aeration Basins: The WWTP diverts a portion of the primary effluent to an activated
sludge process for secondary treatment. The remainder of the flow is treated in the
oxidation pond secondary treatment system. The activated sludge facilities consist of two
aeration basins, two secondary clarifiers, return activated sludge (RAS) pumps and WAS
pumps. Secondary treatment removes soluble and colloidal pollutants, quantified as BOD,
and residual particulate wastes not removed in the primary treatment processes. During
winter, both aeration basins operate in parallel with the oxidation pond system to maximize
river discharge capacity. During summer, District staff operates only one aeration basin to
minimize energy use and to produce a constant feed flow (approximately the minimum
night time influent flow) to the tertiary filters for reclamation. The District uses this
operational mode because the effluent filters do not operate well when percentages of
activated sludge and pond effluent vary over the course of a day. Aeration blower facilities
include two high-speed turbo blowers and one stand-by multi-stage centrifugal unit.
Secondary Clarification: Two circular secondary clarifiers remove settleable floc formed in
the aeration basins. Aeration basin effluent flows to a mixed liquor distribution structure
that splits flow between the secondary clarifiers. The RAS pumping system conveys settled
floc back to aeration basins using two submersible pumps per clarifier. The WAS pumping
system conveys the excess biosolids to the solids handling system using one submersible
pump per clarifier.
Oxidation Ponds: Four oxidation ponds (Ponds 1 through 4) provide both storage and
secondary treatment. The ponds range in surface area from 65 acres to 110 acres and total
343 acres. The Pond 4 Pump Station (P4PS) lifts pond effluent from Pond 4 to the
flocculating clarifiers.
Flocculating Clarifiers: Two flocculating clarifiers remove suspended algae solids prior to
river discharge or reclamation. Chemicals that enhance algae removal are injected into the
P4PS wet well.
Secondary Effluent Pumping: The secondary effluent flow from both the secondary and
flocculating clarifiers is conveyed to the secondary effluent pump station (SEPS). The
SEPS includes three pumps that convey secondary effluent to either the tertiary filtration
facilities during summer reclamation mode or to the chlorine contact basins (CCBs) for
disinfection during winter river discharge mode.
Filtration: Four continuous backwash-type sand filters remove fine particulate solids and
produce tertiary-quality water for reclamation. Filters typically remove particles
10 microns and larger. Chemical coagulants and/or polymers are injected into filter
influent to aid in solids removal. During river discharge, filters are used under special
circumstances to reduce BOD and TSS due to algae incrementally in order to meet
secondary treatment requirements. In this configuration, the filters operate in parallel with
the flocculating clarifiers.
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• Disinfection: The WWTP uses sodium hypochlorite injected at the beginning of the three

CCBs for effluent disinfection. The first two basins, the East and West CCBs, are identical
and can be operated in parallel during winter river discharge. CCB 3 is currently operated
in series with the East CCB during the summer operational mode to achieve a longer
contact time sufficient for meeting recycled water requirements. The secondary effluent
flow for river discharge is dechlorinated using sodium bisulfite as it leaves the CCBs and
enters the 36-inch-diameter effluent pipe.
• Effluent Conveyance: During winter operations, disinfected effluent from the CCBs is
conveyed through a 36-inch-diameter pipe to the Napa river outfall. During summer
operations, disinfected tertiary effluent flows from CCB 3 to the recycled water storage
reservoirs. The recycled water storage and pumping system includes two covered recycled
water reservoirs that store approximately 6.5 million gallons (MG) or 20 acre-feet (AF)
and three recycled water distribution system pumps.
Solids handling and treatment processes are:
• Sludge Thickening: Sludge thickening is accomplished using a single DAFT, which
concentrates WAS prior to anaerobic digestion. Mechanical equipment associated with
DAFT operation includes two recycle pumps, a single underflow pump, and two thickened
waste activated sludge (TWAS) pumps.
• Sludge Stabilization: Primary sludge, scum and TWAS are stabilized in the anaerobic
digestion process, which includes a single steel vessel, egg-shaped digester mixed using a
draft tube mixer. Sludge is heated to maintain digester temperature in the range of 95 to
98 degrees F to achieve required sludge stabilization. Stabilized sludge is conveyed to a
second half-egg-shaped digested sludge storage tank equipped with a flexible dual
membrane digester cover for digester gas storage. Digester gas fuels the cogeneration
engine to provide supplementary electricity to the WWTP.
• Dewatering: Three BFPs are used to reduce the digested sludge moisture content prior to
disposal. Dewatered cake or solids are conveyed to a single cake hopper. Currently, sludge
from the cake hopper is loaded into a District-owned sludge truck and transported to onsite storage for land application on District ranch lands. When fields are not accessible for
solids spreading, the District uses “ag” bags for on-site storage, which provide some
composting and stabilization benefits. BFP filtrate flows to the oxidation ponds. When
fields become accessible, the District breaks the ag-bags and spreads stored solids.
As described further in Appendix E and Appendix G (Technical Memorandum 8.9), support
facilities include odor control, WWTP water systems, chemical feed systems, standby power,
electrical distribution, and instrumentation and control systems.
2.4.4

Storage

The District uses two forms of storage in its wastewater treatment system—oxidation ponds to
store wastewater during treatment, and recycled water storage reservoirs. The pond system
includes four oxidation ponds with a total surface area of 342 acres. The ponds receive the
following liquid flow streams:
• Primary effluent in excess of activated sludge capacity
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• Influent (during peak wet weather flows)
• Storm water from area drains within the site (about 12 MG [or 35 AF] in an average year)

and rain that falls directly onto the ponds
• Internal recycled streams
− BFP filtrate
− Filter backwash (filter reject)
− Flocculating clarifier underflow (separated solids)
The ponds provide significant equalization capabilities for the WWTP. During the summer
reclamation season, the ponds store flows in excess of reclamation demands, thus avoiding river
discharges. During the winter season, the District conveys flow from Pond 4 through the Pond 4
pump station to the flocculating clarifiers prior to disinfection and discharge to the Napa River.
A minimum amount of water storage is required in each pond. In Pond 1 (area of 110 acres), a
5-foot-minimum water depth is required to provide acceptable biological treatment of the
wastewater and maintain submergence of accumulated solids. A 2-foot-minimum water depth is
required in the remaining ponds. Maximum water depth in all ponds is 8 feet. Total pond volume
is about 2,700 AF. Maintaining minimum water levels, available storage volume is about
1,700 AF now and could possibly be increased to about 1,900 AF if the District removed
accumulated solids.
During the summer of 2007 and 2008, the District bypassed Pond 1 to carry out biosolids
removal. In 2009, the District bypassed Pond 1 through July to continue solids drying.
The recycled water storage reservoirs include two basins that provide approximately
6.5 MG (or 20 AF) of storage. These basins provide a buffer between the WWTP and recycled
water pumping and connect to three (two duty and one stand-by) recycled water distribution
system pumps. Covers over the storage reservoirs minimize algae growth and maintain
disinfectant residual during storage.

2.5
2.5.1

Basis of Planning
Demographic Projections

The demographic projections used for this Plan are taken from the 2007 CSMP (Winzler &
Kelly, October 2007). The 2007 CSMP provided projections for residential, commercial and
industrial development within the District service area, which were based on anticipated
development provided by the City and County planners. The projections are consistent with the
City of Napa General Plan (as amended August 12, 2003) and the 1994 Napa County General
Plan (as amended) and information from the General Plan Update process as it was in progress
in 2007. Table 2-6 summarizes the projected residential dwelling units and commercial/industrial
development within the District service area. Analysis of the values presented in Table 2-6
indicate that residential dwelling units are projected to increase by approximately 20 percent,
whereas commercial and industrial usage (on a square footage basis) is anticipated to increase by
roughly 46 percent over the planning period.
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Analysis of Flow and Loads

This section summarizes:
• Historical flows and loads for conventional and non-conventional pollutants.
• Results from a two-week intensive wastewater characterization effort.
• Flow and load projections for the planning period.
The various flow and load definitions used in the Plan are provided in Table 2-7, along with the
purpose each will serve in master planning future facilities.
Table 2-7. Wastewater Influent Flow and Load Definitions
Item

Definition

Purpose or Use

ADWF and
ADWL

Average Dry Weather Flow
The lowest 90-day average influent flow in the dry weather
season (May through October).
Average Dry Weather Load
The average daily influent loading occurring during the same
period ADWF is defined.

To develop base wastewater flow
projections and to provide the basis for
sizing certain treatment facilities. Also
used to evaluate impacts of taking various
process units out of service.

AA

Average Annual
The average daily flow or loading for an annual period.

To evaluate annual power use for
alternatives.

ADWMM

Average Dry Weather Maximum Month
The highest 30-day average flow or load in the dry weather
season (May through October). Note that maximum month flows
and loads do not necessarily occur in the same month.

To size wastewater treatment facilities to
meet 30-day NPDES permit requirements.
Also used to evaluate impacts of taking
various process units out of service.

AWWMM

Average Wet Weather Maximum Month
The highest 30-day average flow or load in the wet weather
season (November through April). Note that maximum month
flows and loads do not necessarily occur in the same month.

To size wastewater treatment facilities to
meet 30-day NPDES permit requirements.

MW

Maximum Week
The maximum 7-day average flow or load. Note that maximum
week flows and loads do not necessarily occur during the same
period.

Used in nitrification or biological nutrient
removal plants to determine the hydraulic
and solids retention time (SRT) for
nitrification and denitrification.

MD

Maximum Day
The maximum day flow or load occurring during an annual
period.

Together with consideration of diurnal
variation, often used to determine aeration
demands as well as to check maximum
day discharge requirements.

PHWWF

Peak Hour Wet Weather Flow
The peak hour plant influent flow resulting from a 10-year
design storm (per CSMP)

To set plant hydraulic capacity.

2.5.2.1

Existing Flows and Loads

The WWTP influent flows and loads include wastewater generated from residential, commercial
and industrial sources within the service area. In addition to these flows, the WWTP accepts
septage from independent haulers that is discharged to the headworks upstream of the influent
flow measurement and sample location; therefore, WWTP influent flows and loads are impacted
by septage discharges and any other industries discharging upstream in the collection system.
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Daily influent flow and load data from 2002 through 2008 were reviewed (see in Table 2-8).
Load data are provided in pounds per day (lb/day) for the BOD, TSS and ammonia as nitrogen
(NH3-N). Hourly influent flows from 2006 through 2008 were reviewed to determine the peak
hour wet weather flow (PHWWF) for that period. Only three years of hourly data were reviewed
to include sufficient information for planning purposes without becoming unmanageable in terms
of data volume. To determine peak day and other factors, seven years of data were used.
Table 2-8. Historical Flow and Loads to the WWTP Including Septage
Item

2002

2003

2004

2005

2006

2007

2008

Average

2006-2008
Average

7.16

6.89

7.90

7.03

6.78

6.55

6.89

6.79

Average Dry Weather (ADW)
Flow, mgd

5.92

BOD, lb/day

12,600

14,600

15,800

16,300

16,500

18,200

17,700

16,000

17,500

TSS, lb/day

13,200

14,700

14,500

18,900

16,400

18,100

18,000

16,200

17,500

NH3-N, lb/day

1,420

1,790

1,770

1,790

1,880

1,970

1,800

1,770

1,880

Average Annual (AA)
Flow, mgd

8.01

8.72

9.03

10.04

10.22

7.66

8.28

8.85

8.72

BOD, lb/day

15,500

14,000

15,900

17,400

17,000

18,000

18,300

16,600

17,800

TSS, lb/day

26,700

14,700

15,700

20,000

17,200

19,200

19,700

19,000

18,700

NH3-N, lb/day

1,240

1,580

1,790

1,660

1,710

2,020

1,890

1,700

1,870

Average Dry Weather Maximum Month (ADWMM)
Flow, mgd

7.61

12.90

7.41

9.70

8.86

7.47

7.09

8.72

7.81

BOD, lb/day

20,600

18,000

18,100

17,100

18,100

21,700

21,100

19,200

20,300

TSS, lb/day

52,200

19,700

15,900

20,200

19,000

26,100

25,500

25,500

23,600

16.01

15.17

16.08

Average Wet Weather Maximum Month (AWWMM)
Flow, mgd

11.79

13.19

15.75

17.19

20.60

11.64

BOD, lb/day

26,800

13,700

17,000

24,400

19,500

19,300

20,500

20,200

19,800

TSS, lb/day

61,700

14,800

22,700

31,500

21,400

23,600

26,200

28,800

23,700
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Table 2-8. Historical Flow and Loads to the WWTP Including Septage (continued)
Item

2002

2003

2004

2005

2006

2006-2008
Average

2007

2008

Average

13.89

21.42

22.16

23.79

Maximum Week (MW)
Flow, mgd

14.50

20.41

21.34

27.52

36.06

BOD, lb/day

39,200

21,000

23,200

32,100

25,100

24,000

24,700

27,000

24,600

TSS, lb/day

142,100

30,400

42,800

56,600

32,200

33,900

39,700

54,000

35,300

Maximum Day (MD)
Flow, mgd
BOD, lb/day
TSS, lb/day
1

NH3-N, lb/day

16.76

30.25

32.99

53.76

42.89

33.37

32.23

30.61

48,300

21,000

34,100

45,200

42,500

33,400

15.58

31,700

36,600

35,900

226,200

45,900

58,500

58,400

43,900

46,800

62,800

77,500

51,200

1,650

2,070

1,990

1,900

2,050

2,960

2,550

2,820

2,520

--

51.18

Peak Hour Wet Weather Flow (PHWWF)
Flow, mgd

--

--

--

22.50

45.71

39.80

39.80

Notes:
1
NH3-N samples are taken approximately once per month. Reported maximum day loading is same as maximum month, ADWMM or AWWMM.
2
Historically the District has observed that the IPS flow meter “pegs”—measures to its maximum capacity—of 58 mgd.

As indicated in Table 2-8, load data from 2002 is suspect, as maximum month, week and day
loads were significantly higher in 2002 than observed during any other years in the reviewed
period. Previous studies also noted this variation and determined it was due to sampling issues
(Brown and Caldwell, July 2008a); therefore, the 2002 data were not considered in this flow and
load analysis.
Although analyses found no consistent trends in influent wastewater flow for the review period,
the average dry weather (ADW) and average annual (AA) BOD and TSS loads generally
increased during the review period. The cause for this increase is unknown, but likely due to
service area growth or sampling method changes.
To determine possible winery waste impact on the influent flow and load, the Draft Winery
Waste Management Study Technical Memorandum (Oakley Water Strategies, April 2009) was
reviewed. The winery waste study estimated existing potential loads based on information
collected from active wineries in the service area. Table 2-9 summarizes the potential winery
waste flows and loads currently generated in the service area.
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Table 2-9. Potential Winery Waste Flows and Loads to WWTP
Item

Value

ADW
Flow, mgd

0.29

BOD, lb/day

3,810

TSS, lb/day

730

AA
Flow, mgd

0.22

BOD, lb/day

2,750

TSS, lb/day

518

ADWMM
Flow, mgd

0.75

BOD, lb/day

9,790

TSS, lb/day

1,880

AWWMM
Flow, mgd

0.29

BOD, lb/day

3,540

TSS, lb/day

639

From Napa Sanitation District Draft Winery Waste Management Technical Memorandum, April 2009

The estimated potential winery waste illustrates loading seasonality, where most waste is
produced during the dry weather period. This coincides with the vintage season (grape harvesting
and juice handling). If all potential winery waste generated were discharged to the District
collection system, the data suggests that wineries would account for anywhere from 2 to
7 percent of the influent flow and TSS load, and 15 to 45 percent of the influent BOD load.
Although this would comprise a significant percentage of the influent BOD load, no seasonal
correlation was observed in the influent BOD load to the WWTP, given the data reviewed.
The Winery Waste Management Study also made the observation that much of the winery waste
produced is not currently being discharged to the District collection system. This explanation is
plausible as many wineries have their own treatment or pretreatment facilities, or off-haul waste
to other facilities. Given the small amount of data, it is difficult to determine how much of the
influent wastewater is actually comprised of winery waste; therefore, the Plan included no
winery wastes when calculating future loading.
To determine the impact of septage on the influent flow and load, three years of daily septage
data were reviewed. Table 2-10 shows the volume of septage in gallons per day (gpd) accepted at
the WWTP from 2006 through 2008, followed by Tables 2-11 and 2-12 that present loading
information for septage and WWTP flow and loading without septage loads. Septage was
accepted prior to 2006; however, no records were available for review.
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Table 2-10. Historical Septage Flow to WWTP
Item

2006

2007

2008

Average

Maximum

9,010

16,910

7,980

11,300

16,900

AA, gpd

10,300

16,100

8,520

11,600

16,100

ADWMM, gpd

14,500

56,600

14,300

28,500

56,600

AWWMM, gpd

13,700

11,200

10,500

11,800

13,700

MW, gpd

31,300

82,100

21,700

45,000

82,100

MD, gpd

183,200

99,200

54,000

112,100

183,200

ADW, gpd

Table 2-11. Historical ADW Septage Data
Item

2006

2007

9,010

16,910

BOD, lb/day

350

TSS, lb/day

Flow, gpd

NH3-N, lb/day

2008

Average

Maximum

7,980

11,300

16,910

650

310

440

650

450

840

400

560

840

65

123

58

82

123

Table 2-12. Historical Influent Flow and Load without Septage
Item
Flow, mgd

2006

2007

7.02

6.76

2008
6.55

Average
6.78

BOD, lb/day

16,100

17,400

17,200

16,900

TSS, lb/day

15,800

17,100

17,400

16,800

1,760

1,790

1,720

1,760

NH3-N, lb/day

The impact of septage on influent flow is negligible. Limited septage characterization data were
available to determine what, if any, impact the septage has on influent loads. Chemical oxygen
demand (COD) characterization of septage collected from May 26 through June 6, 2008, resulted
in an average COD concentration of 15,300 mg/L. This is approximately 35 to 50 percent of the
“typical” septage concentrations reported in wastewater industry manuals
(Tchobanoglous, 2003). The District has performed no BOD, TSS or NH3-N loading analysis;
however, it was assumed they would also be 35 to 50 percent of “typical” septage concentrations
reported in industry manuals. This assumption results in an average annual septage load of
approximately 440, 560 and 82 lb/day for BOD, TSS and NH3-N, respectively. This is
approximately 1 to 3 percent of the average annual WWTP influent load for these constituents,
which is a negligible contribution.
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As part of the operational review task, the District has performed more intensive NH3-N
sampling on the influent waste stream at the IPS and at the headworks, downstream of where
septage is introduced. On some days, NH3-N concentrations are higher at the headworks, which
suggest septage could make up more than the estimated 1 to 3 percent of the WWTP influent
NH3-N load. Additional septage characterization will help to understand better its impacts to the
influent waste stream and WWTP processes. But because no such data were available for the
Plan, analyses did not use a higher influent NH3-N load from septage.
2.5.2.2

Diurnal Flow Variation

Hourly flow data from 2006 through 2008 were reviewed during dry and wet weather periods to
determine diurnal flow patterns. During wet weather periods, influent flow hydrographs were not
strongly dependent on time of day, but rather on the timing, duration and intensity of storms. As
expected during dry weather periods, the influent flow hydrograph had a distinct diurnal flow
pattern with minimum flows typically occurring around 6 a.m. and peak flows occurring around
1 to 2 p.m. This was the case in 2006 and 2008 and, in fact, the diurnal flow patterns were almost
identical when comparing the peaking factors generated from the same time period each year
(the composite being generated from the first week of July, August and September). The diurnal
flow patterns in 2006 and 2008 are typical for a system this size.
The diurnal flow pattern from 2007 was different, however, with a higher minimum, lower
maximum, and notable shift in when they occurred. Note that during the 2007 summer, District
staff throttled the influent gate at the IPS to equalize influent flow to the activated sludge system
while the District removed solids from Pond 1. This operational modification impacted the
diurnal flows. This Plan is based on more typical diurnal flow patterns, which were seen in 2006
and 2008. Figure 2-3 illustrates the typical dry weather diurnal flow pattern for the years
reviewed.
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Figure 2-3. Typical Dry Weather Flow Pattern for WWTP

2.5.2.3

Future Flows and Loads

Table 2-13 presents flow and load projections for the WWTP.
Table 2-13. Flow and Load Projections for the WWTP
Item

Existing
(2006 - 2008)

Peaking Factor

2015

2020

2025

2030

ADW
Flow, mgd
BOD, lb/day

6.79

1.00

7.11

7.34

7.95

8.55

17,500

1.00

18,400

19,000

20,600

22,100

BOD, mg/L

310

1.00

310

310

310

310

TSS, lb/day

17,500

1.00

18,400

19,000

20,600

22,100

310

1.00

310

310

310

310

1,880

1.00

1,960

2,020

2,190

2,350

33

1.00

33

33

33

33

TSS, mg/L
NH3-N, lb/day
NH3-N, mg/L
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Table 2-13. Flow and Load Projections for the WWTP (continued)
Existing
(2006 - 2008)

Item

Peaking Factor

2015

2020

2025

2030

9.24

9.54

10.34

11.12

AA
Flow, mgd

8.83

1.30

BOD, lb/day

18,400

1.05

19,300

20,000

21,600

23,200

TSS, lb/day

19,100

1.09

20,100

20,700

22,500

24,100

1,920

1.02

2,000

2,060

2,230

2,400

NH3-N, lb/day
ADWMM
Flow, mgd

12.23

1.80

12.81

13.22

14.32

15.4

BOD, lb/day

21,500

1.23

22,600

23,400

25,300

27,200

TSS, lb/day

25,200

1.44

26,500

27,400

29,700

31,900

2,410

1.28

2,510

2,590

2,810

3,020

NH3-N, lb/day
AWWMM
Flow, mgd

19.89

2.93

20.83

21.51

23.29

25.05

BOD, lb/day

26,300

1.50

27,600

28,500

30,900

33,200

TSS, lb/day

29,400

1.68

30,900

31,900

34,600

37,100

2,410

1.28

2,510

2,590

2,810

3,020

NH3-N, lb/day
MW
Flow, mgd

34.83

5.13

36.47

37.65

40.78

43.86

BOD, lb/day

34,500

1.97

36,200

37,400

40,600

43,500

TSS, lb/day

52,900

3.02

55,600

57,400

62,200

66,700

2,980

1.59

3,110

3,210

3,480

3,730

NH3-N, lb/day
MD
Flow, mgd

46.24

6.81

48.42

49.99

54.14

58.23

BOD, lb/day

48,700

2.78

51,200

52,800

57,300

61,400

TSS, lb/day

70,500

4.03

74,200

76,600

83,000

89,100

3,250

1.73

3,380

3,490

3,780

4,060

--

--

NH3-N, lb/day
Attenuated Peak Hour Wet
Weather Flow (PHWWF), mgd1

60

--

--

Unattenuated Peak Hour Wet
Weather Flow (PHWWF), mgd2

86.37+

--

--

-87.59

--

89.87

Notes:
1
Attenuated flow to WWTP represents actual flow entering the WWTP. Projections are dependent on future capacity-related collection system
improvements. Capacity improvements in the collection system will increase PHWWF to WWTP.
2
Unattenuated flow represents instantaneous maximum flow in collection system. Actual flow into WWTP will be less due to flow attenuation,
storage, and hydraulic limitations in the collection system.
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Per direction from the District, ADW flow projections used in this Plan match projections
developed in the 2007 CSMP (Winzler & Kelly, October 2007), which were coordinated with
adopted City and County General Plans, and were reviewed with City and County planners. In
the 2007 CSMP, ADW flow projections were made for 2005, 2020 and 2030. For completion of
Table 2-13, ADW flow projections for intermediate years were linearly interpolated between
2007 CSMP reported points.
The flow projections from the 2007 CSMP are based on constant unit flow values, implying that
additional water conservation is not expected. If additional water conservation occurs, pollutant
concentrations would be expected to increase, while loadings would be expected to increase
faster than flows.
The existing ADW load was based on the average historical load for the last three years. Based
on the existing ADW flow and load, a representative ADW concentration was calculated for
each of the load parameters. For future ADW loads, projections in this Plan assume that the
ADW concentration would be the same. This assumption is reasonable as long as no significant
changes occur in the service area that would result in a disproportionate growth in industrial or
commercial components. Based on the demographic projections and discussion with the District,
the District has no reason to think that significant changes would occur. Although industrial
growth is projected to increase faster than residential, the residential flows account for
approximately 80 percent of the flows through the entire planning period. Flows and loads for
other conditions were developed based on historical peaking factors relative to the ADW
condition. Peaking factors used for the AA condition were the average of the historical peaking
factors from 2003 to 2008. For the other conditions, the highest peaking factors seen during the
review period were used unless a value was an obvious outlier. Load peaking factors from 2002
appear to be outliers (see Table 2-8) and were not used for making projections.
One approach to defining the available capacity in a WWTP is to examine its capacity to treat
organic loading under its most stressed conditions. When wastewater characteristics are known,
e.g., the pounds of BOD produced by an average household each day, that capacity can be stated
in terms of equivalent single-family dwelling units, also known as equivalent dwelling units
(EDUs). The District can then convert the loading from a non-residential connection, say a
restaurant, into EDUs based on loading. The District has established an average wastewater flow
per household of 176 gallons per day (gpd). From the flows and loading analyses presented in
this chapter, on an average annual basis, each EDU in the collection system delivers about
0.48 lb/day of BOD to the WWTP. Based on the current average annual BOD loading of
18,400 lb/day (see Table 2-13), the current loading is 38,300 EDUs.
PHWWF projections were not developed from peaking factors, but were based on projections
made in the 2007 CSMP. Projections in the CSMP were developed from hydraulic modeling of
the collection system and were only provided for un-attenuated flow, which represented the total
instantaneous flow in the collection system that would arrive at the plant if there were no
attenuation, storage or hydraulic limitations. As presented above, there is little difference
between the existing and 2030 projection for un-attenuated flow.
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Given that the collection system has conveyance capacity constraints that limit the peak flow
received at the WWTP, the WWTP’s immediate firm capacity requirement is 60 mgd. After the
collection system is upgraded to address capacity deficiencies, the firm capacity might need to be
increased to handle 90 mgd as stated in the CSMP; however, if the District’s I/I reduction efforts
prove to be successful, the PWWF at the WWTP would be something less than 90 mgd. For this
Plan, a PWWF of 60 mgd will be assumed, similar to the Influent Pump Station Seismic Study
and Replacement Technical Memorandum (Winzler & Kelly, May 2009).
2.5.2.4

Trace Constituents

In addition to conventional and non-conventional pollutants, the District’s NPDES permit
(No. CA 0037575) and other regulatory requirements include effluent concentration limitations
for six trace pollutants—copper, mercury, nickel, cyanide, dioxin-TEQ, and PCBs. The WWTP
removes some of these trace constituents in the treatment process. Removal is likely achieved
with two main treatment mechanisms—adsorption to flocculated biomass in the activated sludge
system and assimilation by algae in the oxidation ponds.
Influent and effluent concentrations and loads for these pollutants from 2002 through 2008 were
reviewed and summarized (see Table 2-14), except for dioxin-TEQ and PCBs. For dioxin-TEQ,
the maximum measured WWTP effluent concentration for the period November 2004 through
March 2009 was 3.3 x 10-9 micrograms per liter (µg/L). The District has regularly tested for
PCBs in the District’s effluent, but never has detected any. The table compares the average
loading rates to current NPDES limits for these constituents. Note that the measured average
effluent concentrations listed in the table are all less than the current NPDES permit limits.
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Table 2-14. Historical Trace Constituent Concentrations & Loadings (2002-2008)
Influent

Units

Copper

Mercury

Nickel

Cyanide

No.

64

64

63

63

Average Concentration

μg/L

75

0.29

6.4

3.3

Minimum Concentration

μg/L

23

0.05

4.2

1.5

Maximum Concentration

μg/L

130

2.80

12.0

11.0

Standard Deviation

μg/L

21

0.42

1.3

1.3

Detection Limit1

μg/L

0.05-1.0

0.000170.0025

0.01-0.5

0.6-3.0

Average Loading

lb/day

5.1

0.021

0.45

0.24

Minimum Loading

lb/day

2.3

0.004

0.19

0.09

Maximum Loading

lb/day

10.4

0.227

0.76

0.74

Standard Deviation

lb/day

1.6

0.033

0.14

0.13

Number of Samples

No.

38

36

38

38

Average Concentration

μg/L

3.4

0.0061

3.7

4.6

Minimum Concentration

μg/L

1.0

Non-Detect

2.9

0.3

Maximum Concentration

μg/L

8.0

0.1500

5.8

13.0

Standard Deviation

μg/L

1.2

0.0247

0.6

2.5

Detection Limit1

μg/L

0.05-1.0

0.000170.0025

0.01-1.0

0.6-3.0

NPDES Permit Average
Monthly Effluent Limit 2

μg/L

9.4

0.066

7.8

6.4

NPDES Permit Maximum
Daily Effluent Limit 2

μg/L

16

0.072

10

15

Average Loading

lb/day

0.20

0.00094

0.43

0.53

Minimum Loading

lb/day

0.00

Non-Detect

0.07

0.05

Maximum Loading

lb/day

1.36

0.02546

0.75

1.69

Standard Deviation

lb/day

0.22

0.00421

0.16

0.37

95

98

42

-39

Influent
Number of Samples

Effluent

Average Removal2

%

Notes:
1
Detection limit defined as a range of the laboratory reporting limits (RL) and laboratory method detection limits (MDL)
over the course of the review period.
2
Average removal calculated using average influent and average effluent concentration.
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Following are observations on the data in Table 2-14:
• All effluent copper concentrations were less than the wet season daily maximum effluent
limitation. The average copper removal through the WWTP was 95 percent.
• Effluent mercury concentrations ranged from as low as non-detect to a maximum
concentration of 0.15 µg/L measured in February 2002. This value was investigated and,
while influent mercury was high during this period, no source for the short-term slug load
was found. All subsequent mercury measurements were very low. The average mercury
removal through the WWTP was 98 percent.
• Effluent nickel concentrations never exceeded the NPDES limits for daily maximum and
monthly average of 9.5 and 8.0 µg/L, respectively. The average removal of nickel through
the WWTP was 42 percent. Nickel removal through biological treatment systems is
typically lower than for other trace metals.
• Effluent cyanide concentrations never exceeded the wet season daily maximum effluent
limit of 15 µg/L. Cyanide concentrations generally increased as wastewater passed through
the WWTP, which is not uncommon for facilities that disinfect with chlorine. The
wastewater industry strongly suspects that cyanide is a chlorination by-product for waste
streams with nitrogen compounds.
2.5.3

Water Recycling

The District has practiced water recycling since the Phase 1 improvements were completed
in 1994. This section provides a review of the District’s historical recycled water usage.
2.5.3.1

Historical Recycled Water Usage

The District’s historical recycled water delivery from 2002 through 2008 was reviewed and is
summarized in Table 2-15. Monthly recycled water delivery is shown on Figure 2-4.
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Table 2-15. Napa Sanitation District Historical Recycled Water Delivery
(Peak Month and Average Monthly Flows Highlighted)
Monthly Average Flow1 (mgd)

2004

2005

2006

2007

2008

Average2

January

0.00

0.00

0.00

0.02

0.01

0.01

February

0.00

0.00

0.01

0.04

0.02

0.01

March

0.68

0.01

0.01

0.46

0.58

0.35

April

1.29

0.22

0.01

1.16

1.54

0.84

May

4.08

1.70

1.31

3.56

3.12

2.75

June

4.36

3.15

3.42

4.57

3.94

3.89

July

4.05

4.36

4.13

3.70

4.04

4.06

August

3.94

4.74

3.74

3.16

3.84

3.88

September

2.79

4.68

3.34

3.85

2.74

3.48

October

1.45

3.20

2.46

1.14

1.44

1.94

November

0.08

0.11

0.04

0.36

0.07

0.13

December

0.01

0.06

0.02

0.04

0.04

0.03

Peak Monthly Average Flow (mgd)

4.36

4.74

4.13

4.57

4.04

4.37

Annual Delivery
(million gallons / yr)

696

681

567

673

654

654

Annual Delivery (AF/yr)

2,136

2,089

1,739

2,067

2,008

2,008

Peak Month/Annual Delivery (percent)

18.8%

21.6%

22.6%

20.3%

19.2%

20.5%

Peak Day/Peak Month Flow3

1.12

1.13

1.16

1.12

1.14

1.13

Notes:
1
Monthly average flow was calculated by dividing the total monthly recycled water used by the days in the month.
2
Calculated as the average of monthly flow for five years.
3
Peak Day/Peak Month Flow data based on recycle water metered at the pump station. The Peak Day/Peak Month
Flow for 2002 and 2003 were 1.27 and 1.21, respectively. The Peak Day/Peak Month Flow from 2002 was the
highest of the data available.
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Figure 2-4. Monthly Average Recycled Water Flow
The average annual recycled water delivery was 2,000 AF per year, with most delivery occurring
between May and October. Peak month delivery typically occurred in June or July, although in
some years it occurred later in the summer. Peak month delivery averaged 21 percent of the total
annual delivery, and peak day delivery averaged 13 percent higher than the peak month delivery.
Facilities must be sized to meet peak month and peak day demands. This delivery pattern is
consistent with the nature of the District’s recycled water users, which consist of vineyard and
landscape irrigation customers.
2.5.3.2

Recycled Water Demand Projections

To develop a planning approach for the recycled water program, the District completed the
Strategic Plan for Recycled Water Use for 2020 (Larry Walker Associates, August 2005). At the
beginning of the Master Plan project, the District selected three of the strategies for 2020 to
cover the range of recycled water flows:
• Strategy 1: Recycle all WWTP influent wastewater (9,800 AF). Additional water storage
facilities would be required for Strategy 1. Since additional storage was beyond the scope
of the Plan, the Plan did not consider this strategy further.
• Strategy 2: Recycle sufficient wastewater quantity to prevent dry season discharge
(3,590 AF) under normal conditions. Peak month demands (7.9 mgd) were based on the
Strategic Plan. Peak day demands (10.0 mgd) were assumed to be 27 percent higher than
peak month demands, based on the maximum historical peaking factor.
• Strategy 3: Deliver as much recycled water as possible with existing storage facilities
(4,540 AF) by storing water in the ponds in spring for use in the peak irrigation season.
Peak month demands (11.3 mgd) were based on the Strategic Plan. Peak day demands
(14.4 mgd) were assumed to be 27 percent higher than peak month demands, based on the
maximum historical peaking factor.
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To plan better for future recycled water system operation and understand likely available
quantities for recycling, the District included development of a water balance as part of the Plan.
Water balance development resulted in a spreadsheet model that allows the user to estimate the
statistics for recycled water availability based on irrigated acreage and recycled water use
balanced against a 50-year climate record (rainfall and evaporation). Technical Memorandum 13
(see Appendix G) provides details on the water balance model development and results.
Table 2-16 summarizes the key results of the water balance.
The results present estimates for a given set of initial conditions as to how frequently the District
would run short of recycled water. The model also shows when the District might need an
emergency discharge because its oxidation ponds were too full.
Table 2-16. Water Balance Key Results
Dry Year Water
Demand, AF2

Current ADWF, Ponds at Minimum
Level on May 1

2,300

2,600

6.2

>52

2020 ADWF, Ponds at Minimum
Level on May 1

2,600

2,900

6.9

17

2030 ADWF, Ponds at Minimum
Level on May 1

3,000

3,400

8.3

7

Current ADWF, Ponds Nearly Full
on May 15

3,700

4,200

11.0

9

2020 ADWF, Ponds Nearly Full on
May 15

4,000

4,600

12.1

5

2030 ADWF, Ponds Nearly Full on
May 15

4,500

5,200

13.8

2

Scenario

Peak
Demand, mgd3

Return Frequency for
Summer Emergency
Discharge, yr4

Median Yearly Water
Demand, AF1

Notes:
1
Does not include District controlled land, but does include District land used in the future for golf courses or vineyards. During dry years, District
controlled land is assumed not to be irrigated. During wet years, District controlled land is irrigated to minimize summer emergency discharge.
Median District land demands were 800 AF per year.
2
Dry years are based on a 10-year return frequency for protected shortfalls in deliveries, so District can supply sufficient water to meet user demands
nine out of 10 years. In other words, the District has to limit or reduce deliveries about one in 10 years.
3
Peak demand based on the peak 30-day demand from the model for the 10-year return frequency dry year, without any delivery curtailment. Further
delivery curtailment may be required during peak week demand conditions.
4
Assumes District controlled land irrigated during wet years.
5
May 1 pond storage objective was set to store as much water as possible while preventing pond overflow in March and April during wet years. When
ponds are nearly full on May 1, emergency discharge is frequently necessary in May.

The following provides key findings from the water balance:
• Because of climatic variations effecting irrigation demand and evaporation, balancing the
need to supply sufficient water with the objective to avoid summer emergency discharges
is difficult. Under all scenarios, the District runs short of water approximately once in
10 years during dry years. During wet years, summer emergency discharges are necessary.
• As dry weather influent flows to the WWTP increase, more water is available for
reclamation. Conversely, as total annual dry weather flows to the WWTP increase, the
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ponds fill faster when yearly irrigation demand is low, so emergency discharges are more
frequent.
Having land available as areas where the District controls irrigation rates greatly increases
the District’s flexibility in delivering recycled water to its customers while minimizing
emergency discharges.
If the District were to maximize recycled water supplies for its customers by holding more
effluent in its ponds going into the non-discharge season, such practices would increase the
likelihood that the District would have an emergency discharge.
Using the currently available storage in the oxidation ponds, the District could supply an
average of 3,700 AF of water while limiting emergency discharges to approximately once
in nine years.
With increased WWTP influent flows, the District could increase recycled water supply to
an average of 4,500 AF, but emergency discharges would occur more than every two
years.
Additional water can be supplied during the winter months. To supply 1,800 AF during the
off-season, water deliveries must begin by November 1 and continue through the winter.

Business Case Evaluation

This section presents and discusses the business case evaluation (BCE) process used to develop
and compare selected liquid and solids process alternatives. The BCE process provides a
framework for evaluating alternative wastewater treatment plant expansion solutions. The
process evaluates these solutions using criteria that go beyond financial and environmental
considerations to include community/social values and benefits. In short, the intent of the BCE
process is to identify solutions that are in the utility customers’ best interests. This section also
discusses the evaluation criteria used in the initial alternatives screening, as well as those used
later in the detailed comparison of selected alternatives.
2.6.1

Business Case Evaluation Definition

The BCE is a process used to help identify and define a utility customers’ needs and to determine
how best to address those needs considering financial, environmental and social impacts.
Although BCE is often more quantitative, its purpose is to support a business judgment decision
regarding a proposed project or set of projects. Through BCE, District staff help the District
Board (Board) make a business judgment based on the factors that define the WWTP’s impact
on the community by asking questions such as:
• Do District customers need this solution?
• Is this the best approach to solve the problem?
• Does this solution provide the best balance between costs and expected benefits?
• What risks are involved, and what is their magnitude?
2.6.2

Business Case Evaluation Process

District staff and the consultant team jointly worked through the BCE to define and develop
proposed LOS and evaluation criteria. The Board reviewed and endorsed the proposed LOS and
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evaluation criteria before and during project alternatives development. LOS incorporates both
performance requirements and community goals for the WWTP. District staff used the
evaluation criteria through the BCE to select one or more project alternatives that meet LOS.
Figure 2-5 summarizes the BCE process steps for this project. Key steps in the BCE process,
along with brief descriptions of step activities, are:
• Appoint a BCE Team: The BCE is typically carried out by a multi-disciplinary team that
represents engineering, operations and maintenance, planning, finance, and customer
service fields, as well as technical experts in specific areas. This approach is required
because solutions need to consider all costs and benefits during the facility’s life cycle.
For this Plan, the BCE team included the District Manager, Chief Engineer, senior
engineering staff, senior WWTP operations and maintenance managers, and a consultant
team that included representatives from the HDR, Inc., (program manager) and Brown and
Caldwell/Carollo Engineers (the master planning consultant).
• Define the Problem: Defining the problem is the most critical step in the BCE because the
way a problem is defined may limit the solutions considered. In this step, the team needs
to “step back” from the situation to understand the problem in a way that permits the
formulation of creative alternative approaches to a solution. For example, a properly
conceived problem statement may lead to a “solution” that results in a modified
maintenance regime for an under-performing piece of equipment rather than a “project” to
replace that equipment.
• Identify Levels of Service: An approach to solving a problem must meet the utility’s
service requirements. These service requirements are usually referred to as LOS and have
two main characteristics: (1) They are visible and important to the community; and (2)
they are, ideally, measurable. The District has decided that some LOS must be met
regardless of cost (e.g., worker safety and public health), while others may be desirable
but cost prohibitive.
• Identify Conceptual Alternatives: Identify and formulate reasonable alternatives to address
the problem, considering both capital and operation and maintenance (O&M) approaches.
• Screen Conceptual Alternatives: Identified conceptual alternatives are screened in this step
using the LOS. The process eliminates those alternatives that have not met the required
LOS or that have benefits that are too costly. In the BCE process, this screening is often
called a fatal flaw analysis.
• Develop Viable Alternatives: Remaining project alternatives are subjected to detailed cost
analyses that consider not only the budgetary impacts but also risks, environmental
considerations, and societal costs (where practical)—the non-economic evaluation criteria.
Costs for all categories are typically projected through the life-cycle of the project
alternative being considered.
• Alternative Comparison and Selection: In this step, present value analyses are performed
that consider life-cycle costs and benefits for all viable project alternatives. Sensitivity
analyses to consider variations in important assumptions such as energy costs are also
performed. The recommended projects alternatives will be those that best meet the
required LOS at the lowest net present value (NPV) of net costs.
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Appoint a BCE Team
1. Select appropriate in-house and consultant resources

Define the Problem
1. Be as clear and exact as possible
2. Do not imply a solution through the problem

Identify Levels of Service
1. Identify levels of service from the community’s point of view
2.
Distinguish between mandatory and non-mandatory levels of service if necessary

Identify Conceptual Alternatives
1. Document base case (“do nothing” scenario)
2. Brainstorm conceptual alternatives

Screen Conceptual Alternatives
1. Screen alternatives for fatal flaws
2. Screen alternatives based on LOS and evaluation criteria

Develop Viable Alternatives
1. Define capital, operational, maintenance and refurbishment costs for all passing the initial screening
scenarios
2. Develop risk costs, where possible

Alternative Comparison and Selection
1. Calculate NPV for alternatives
2. Conduct sensitivity analyses
3. Recommend project alternative(s) that meets LOS at the lowest NPV

Figure 2-5. Process Flow for BCE
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Though District staff and the consultant team may develop alternatives to address a given LOS,
District Board and staff may not think the associated costs for meeting that LOS are justified.
This circumstance may require what is often referred to as the “reasonable person test.”
Figure 2-6 illustrates the iterative process for conducting the “reasonable person test.”

Figure 2-6. Flow Schematic for the “Reasonable Person Test” Applied to a Given LOS
2.6.3

Levels of Service

LOS defines requirements that the District must meet to conform to legal requirements such as
meeting NPDES discharge limitations or to function successfully while it services its rate payers.
LOS may also include non-mandatory requirements that decision makers think might benefit the
community but for which costs (capital and/or O&M) may be a factor in choosing an alternative.
Such LOS need development so that costs and benefits are understood fully before a decision is
made.
With consultant team assistance, District staff formulated proposed LOS that the District Board
and staff refined and finalized. The LOS, listed in Table 2-17, include mandatory LOS (see
Type I in Table 2-17) for ongoing and future activities, as well as non-mandatory LOS (see
Types II and III in Table 2-17) that might benefit the community if decision makers deem
associated costs acceptable. The reader should note that some LOS applies equally to all
alternatives considered, e.g., “Maintain a safe work place to avoid employee health and safety
risks.” Such LOS are intrinsic to every acceptable alternative and, therefore, do not serve as
differentiators among alternatives.
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Table 2-17. Wastewater Treatment Plant Master Plan Levels of Service
Type 1 – Currently Provided and Required to Continue
1.1

Customer Service

1.1.1

Accept all piped influent and internal recycle flows year-round

1.1.2

Provide recycled water (RW) for existing irrigation customers within District’s current RW service area during
irrigation season

1.2

Regulatory Requirements

1.2.1

Meet current and future regulatory requirements from the 2011 permit renewal

1.2.2

Comply with current and future requirements for unrestricted Title 22 RW

1.2.3

Comply with current and future biosolids regulatory requirements for land application

1.3

Community, Environment and Employee Health and Safety

1.3.1

Maintain odor emissions at current or reduced levels

1.3.2

Support environmental outreach and education

1.3.3

Maintain wildlife habitat buffers around the WWTP

1.3.4

Maintain a safe workplace to avoid employee health and safety risks

1.4

Energy and Chemicals

1.4.1

Operate the WWTP to reduce energy as much as practicable

1.4.2

Operate the WWTP to reduce chemical use as much as practicable

Type II – Currently Provided But Could Be Reduced or Eliminated Depending on Cost (Non-mandatory)
2.1

Customer Service

2.1.1

Accept hauled septage from within District boundaries

2.1.2

Accept hauled septage from within Napa County but outside District boundaries

2.1.3

Provide RW for future irrigation customers within District’s current RW service area during irrigation season

2.1.4

Provide RW for existing customers within District’s current RW service area during non-irrigation season
Type III – Potentially Added LOS (Non-mandatory)

3.1

Customer Service

3.1.1

Accept hauled winery waste from within District boundaries

3.1.2

Accept hauled winery waste from within Napa County but outside District boundaries

3.1.3

Accept hauled restaurant fats, oils and grease (FOG) from within District boundaries

3.1.4

Accept hauled restaurant FOG from within Napa County but outside District boundaries

3.1.5

Provide RW for future irrigation customers within District’s current RW service area during non-irrigation season

3.1.6

Provide RW for irrigation customers outside District’s current RW service area

3.1.7

Provide RW for non-irrigation uses
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Evaluation Criteria

With consultant team assistance, District staff developed potential evaluation criteria in three
overall categories—confidence, life-cycle cost, and social/environmental. Table 2-18 lists the
evaluation criteria divided into these categories. District staff presented these criteria to the
Board as the basis for evaluating project alternatives.
Table 2-18. Evaluation Criteria Summary
Category/Evaluation Criteria

Description/Discussion

I.

Life-Cycle Cost

A.

Upfront Design/Construction

Traditional capital costs including appropriate contingencies and allowances

B.

Ongoing Re-Investment Costs

Rehabilitation and/or interim replacement

C.

Operating and Maintenance
1. Labor

Labor by District staff

2. Energy

Purchased energy (electricity and natural gas)

3. Chemicals

Purchased chemicals including hypochlorite, bisulfite, caustic soda, and polymers used
for algae removal, filtration enhancement, disinfection, and dewatering

4. Services and supplies

Specialty services such as equipment calibration, programming, cleaning services, etc.

5. Special training, tools, and parts

Required certification training for operators, specialty tools, and replacement parts

6. Tipping fee revenue

Collect tipping fees to offset capital and/or operation and maintenance costs to treat
and dispose of wastes

II.
A.

B.

Confidence
Reliability
1. Ease of Operation

Addressed through labor costs but also scored since a more complex alternative would
have more possibility for failure or require more operator attention

2. Maintenance complexity

Addressed through labor costs but also scored because some alternatives might require
significantly more preventative maintenance due to mechanical complexity

3. Compatibility with existing plant

Incorporated easily to existing facilities or process so that there is simplified operation
and maintenance and ease of staff training

4. Proven operational history

Operational success proved already in the wastewater industry or through pilot or full
scale demonstration testing by the WWTP

5. Performance

Ability to meet permit reliably

Flexibility
1. Operational adaptability

Flexibility in processes to operate in differing modes

2. Regulatory

Cost-effective modifications/additions possible to meet changes in regulations without
stranding capital assets
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Table 2-18. Evaluation Criteria Summary (continued)
Category/Evaluation Criteria
III.

Description/Discussion

Energy/Chemical/Greenhouse Gases

A

Energy

Minimize energy use

B.

Chemicals

Minimize chemical use

C.

Greenhouse Gases

Minimize greenhouse gases with energy use as the surrogate for carbon dioxide

IV.

Acceptance of Winery Waste

A.

Winery wastes

V.

Acceptance of Non-Traditional Wastes

A.

Increased Septage from County

Receive and treat trucked-in septic tank pumpage

FOG acceptance

Receive and treat trucked-in FOG wastes gathered from restaurants and other
sources

B.

Receive and treat trucked-in winery wastes

VI.

Water Recycling benefits

A.

Increased recycled water production

Produce water for recycling beyond 10 mgd without additional capital investment

B.

Non-irrigation season recycled water
production

Produce water for recycling during the non-irrigation season

For this Plan, District staff and the consultant team have applied evaluation criteria to screen
alternatives and perform the final evaluation of viable project alternatives.
2.6.5

Evaluation Criteria Application

Both the LOS and the evaluation criteria played a role in the BCE. For purposes of this
discussion, it is important to distinguish between the two:
The LOS are performance characteristics of the completed project. As discussed in section 2.6.3,
there are three types:
• Type 1: Currently provided and required to continue. Providing these LOS is mandatory,
and any alternative must provide these LOS to be considered. Examples: Accept all piped
influent and internal recycle flows year-round; meet current and future regulatory
requirements.
• Type 2: Currently provided but subject to reduction or elimination, depending on cost or
other factors. Examples: Accept hauled septage from within Napa County (but outside the
District’s boundary); provide reclaimed water capacity for future irrigation customers
within the current service area during irrigation season.
• Type 3: Not currently provided but desirable, depending on cost or other factors.
Examples: Accept hauled winery waste from within Napa County; provide reclaimed water
for non-irrigation users.
Table 2-17 lists all the LOS used in this BCE.
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Evaluation criteria are used to support a quantitative screening and prioritize alternatives. Again,
as discussed in Section 2.6.4, there are three evaluation criteria categories:
• Category I: Confidence. Criteria relating to reliability of plant operations and flexibility in
meeting future regulatory changes. Examples: Proven operational history (of the physical
process); maintenance complexity (potential of increased operational risk).
• Category II: Life-cycle costs. Direct costs of an alternative that the District can expect to
incur over the plant’s useful life. Examples: Capital outlays; labor costs.
• Category III: Social and environmental. These are less quantifiable criteria that relate to
impacts of an alternative on the community or the environment. Examples: Minimal odor
complaints; minimal greenhouse gas production.
The BCE team used LOS and evaluation criteria in the BCE as follows, with reference to the
process flow diagram in Figure 2-5:
• Formulate alternatives: All alternatives put forward were considered to provide Type 1
(mandatory) LOS, with the exception of 1.4 (energy and chemicals). The BCE team also
considered some non-mandatory LOS and evaluation criteria, especially cost.
• Screen alternatives: It was necessary to reduce the number of alternatives to a manageable
number for analysis. This involved a preliminary analysis of each alternative considering
Type 1.4 LOS (energy and chemicals), Types 2 and 3 LOS (non-mandatory), and the
evaluation criteria. If an alternative appeared to offer no process advantage over other
similar alternatives, were judged to be relatively more expensive than similar alternatives,
or posed other significant problems (e.g., risk or unreliability), such alternatives were
removed from further consideration. This screening process left six liquid stream and
three solids alternatives for further analysis.
• Develop cost information: Category II (direct financial) evaluation criteria guided the
development of life-cycle costing for each alternative. The result was an estimate of the
NPV of life-cycle costs of each alternative on an “apples to apples” basis that could
reliably support the final analysis.
• Compare alternatives: The comparison helped determine which alternative offered the best
balance between costs, developed in the step directly above, and benefits provided.
Types 1.4, 2 and 3 LOS and Types I and III evaluation criteria were considered for the
analysis. “No action” alternatives for both liquid stream and solids alternatives were also
considered to understand the implications of doing nothing.
Where a factor was not readily quantifiable in monetary terms, workshop participants
assigned a weighting value and a numerical score to the factor. The weighting value was
the same criterion for all alternatives; the numerical scores varied depending on the
characteristics of each alternative. The weighted scores were totaled to arrive at an overall
point rating for each alternative. As a sensitivity analysis, the alternatives comparison also
considered the relative weighting of different factors to see if the rankings changed. This
step served as a reasonableness check for selecting weighting factors.
Workshop participants then reviewed and discussed analysis results. Costs and rating
scores, both at summary and detail levels, were considered. Sensitivity analyses were
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applied to both the cost and point-score analyses. As a result, a consensus view developed
on the “preferred” alternative that resulted in a final recommendation for moving forward.
Several factors were not considered in the final comparison:
• Type 1 LOS had already been considered in the formulation and screening of alternatives.
As a result, all alternatives met these LOS. Examples: Maintain wildlife habitat buffers
around the WWTP; maintain a safe workplace to avoid employee health and safety risks.
• Type II evaluation criteria had already been considered in the development of cost
information and, thus, were implicitly considered through the balancing of costs and nonquantified factors. Examples: Chemical costs; tipping fee revenues.
Thus, the analysis ultimately considered total project costs, direct and indirect alike, along with
factors important to the community but not easily quantified.
2.6.6

Trigger Point Concept

A key goal for any efficiently run utility is to add new capabilities and/or capacity only when
they are needed. To plan properly for this, the required lead times for planning, permitting,
design, bidding and award, construction, and start up must be understood. The District has
defined providing adequate capacity when it is needed as a “trigger point.” For this Plan, the
analyses have determined existing firm/reliable capacity for each WWTP component. As
presented in Chapter 4, each facility has certain limitations, e.g., a maximum dependable
hydraulic capacity or limited capacity to treat organic load. The Plan identifies each such
limitation and a modification or expansion to address that limitation. In the future when District
staff determines that some facility component is approaching its limitation, staff will include an
appropriate project in the District’s CIP for Board consideration.

2.7

Reliability Criteria

A key design and operation consideration for a major WWTP is reliability. Reliability is
commonly defined as the ability to provide uninterrupted service while continuing to meet
discharge requirements. For this Plan, reliability has been assessed through the process
simulation/optimization evaluation and careful review of existing facilities. This Plan presents
reliability criteria formulated to meet the District’s established LOS.
In many cases, reliability is accomplished by installing stand-by process units in addition to duty
process units. This provision allows processes, components or equipment to be removed from
service for routine maintenance or repair while still providing the required LOS. District staff
may also achieve reliability by rerouting flows to bypass problematic equipment or otherwise
work around a problem.
The WWTP has provisions to re-route flow to the ponds under many different scenarios and,
therefore, District staff operate the WWTP to address many reliability issues without redundant
equipment. The District has ample opportunity to carry out preventative maintenance when the
WWTP is not operating in a stressed mode, e.g., repairing filters in the spring or fall when
irrigation demands are low but no river discharge is required. Again, the seasonality for high
flows and high recycled water demands provide ample opportunity for preventative maintenance.
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In this plan, reliability criteria are based on:
• The values used in past WWTP designs.
• The District’s experience with routine and unscheduled outages.
• Reliability information from other similar-capacity wastewater treatment plants.
• Accepted engineering practice as documented in the USEPA technical bulletin “Design
Criteria for Mechanical, Electric and Fluid System and Component Reliability”
(EPA-430-99-74-001). This bulletin recommends system design criteria for three
reliability classes, including Class 1 (works that discharge into navigable waters that could
be permanently or unacceptably damaged by effluent that was degraded in quality for only
a few hours). District staff also provided input on risk management priorities.
Table 2-19 lists preliminary reliability and redundancy criteria for each major WWTP process
unit. These criteria form the basis for alternatives development, discussed further in Chapter 5.
Design criteria in Appendix E—Existing Facilities Description were used to develop the
reliability criteria. Notes are provided where the existing reliability complies with
recommendations in EPA-430-99-74-001 or where the District otherwise achieves suitable
reliability.
Table 2-19. Napa Sanitation District Reliability Criteria
Process Unit
Influent
Pumping
Station

Screening

Aerated Grit
Chamber

Primary
Sedimentation
Tanks

Process Description

Reliability Criteria

Comments

Three pumps (58 mgd total
capacity with all pumps
operating) lift all influent to
the headworks and/or wet
weather bypass to ponds

Convey projected peak wet
weather flow with largest
pump out of service. This
criterion is consistent with
EPA 430-99-74-001.

Projected PWWF for 2030 is 60 mgd,
with possible future expansion to
90 mgd. The IPS Study (Winzler &
Kelly, 2009) describes several options
for reconstruction or replacement of the
IPS, to provide a 60-mgd firm capacity.

Three influent channels; two
containing fine mechanically
cleaned screens and one
containing an
emergency/redundant manual
bar rack

Provide sufficient treatment
for 20 mgd under all
conditions, either through
automatic or manually
cleaned back up units.

Rated capacity of each mechanical
screen is 10 mgd. Headworks capacity is
20 mgd (excess must be sent to ponds).
The emergency bar rack complies with
EPA 430-99-74-001.

Two aerated grit tanks, each
with two grit hoppers,
followed by one grit classifier
and washer.

Provide sufficient treatment
for 20 mgd with one aerated
grit tank out of service or use
capacity to re-route flows to
ensure that required
maintenance can be
completed.

Headworks capacity is 20 mgd (excess
must be sent to ponds). No redundancy
currently provided for grit classifier or
washer but these components are not
process critical for meeting permit
requirements. Also duration of required
maintenance is short so WWTP staff can
accommodate duration of outage.

Two tanks, each with one
sludge pump; one primary
scum pump for both tanks;
sludge is thickened in
primaries to 4 to 6 percent
solids.
Capacity per clarifier of
10 mgd.

At average dry weather flow,
provide sufficient TSS and
BOD removal with one
primary sedimentation tank
out of service

The primary sedimentation tanks
comply with EPA 430-99-74-001.
No redundancy currently provided for
sludge pumps or primary scum pump.
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Table 2-19. Napa Sanitation District Reliability Criteria (continued)
Process Unit

Process Description

Ferric chloride
pumps

Two pumps inject 10-12 mg/L
ferric chloride into headworks
for odor control.

Provide one duty and one
stand-by pump.

Sufficient capacity and equipment
redundancy currently provided

Area Drain
Pump Station

Pumps lift BFP filtrate to
facultative ponds. System has
two 4.5-mgd pumps.

Convey average flow with
one pump out of service.

Redundancy currently provided.
Projected peak flow is about 1.5 mgd.

No redundancy needed.

Primary
Diversion
Structure

Splits flow between aeration
tanks and facultative ponds
(meter to aeration basins and
rest sent to ponds); also
provides split of flow to
individual aeration basins.

Oxidation
Ponds

Four ponds totaling 343 acres
surface area and maximum of
8-feet depth for storage,
sedimentation, biological
wastewater treatment, and
solids storage.

Biological treatment and
provide sufficient detention
time for storage during
projected peak wet weather
flows.

Ponds provide acceptable storage for
projected peak and internal recycled
flows. District has plans for taking
individual ponds out of service.

Three vertical centrifugal
pumps (12.0 mgd total
capacity) lift Pond 4 effluent to
flocculating clarifiers and/or
effluent filters.

Convey projected peak pond
flows with one pump out of
service.

System needs either 4th pump or three
larger pumps installed in place of
existing pumps to provide adequate firm
capacity (11.5 mgd when feeding
flocculating clarifiers and direct
filtration).

Two clarifiers treat pond
effluent with polymer injection
for increased algae solids
removal.

Provide sufficient TSS and
algae solids removal with one
clarifier out of service during
low demand for pond
effluent.

The flocculating clarifiers comply with
EPA 430-99-74-001.
Two algae sludge pumps provided and
one scum pump provided.

Two aeration basins are
installed: one basin is used in
summer to produce recycled
water flow and two basins are
used in winter to maximize
river discharge.
Two secondary clarifiers are
installed with a splitter box
upstream.

Dry Weather Criteria:
Produce full biological
treatment of influent flow
with one basin and one
secondary clarifier off line
and using facultative ponds
for parallel treatment during
low recycled water demand.
Wet Weather Criteria:
Produce full biological
treatment of influent flow
with both aeration basins and
secondary clarifiers operating.

Aeration basins design flow is 4.3 mgd
(each basin).
Aeration basins comply with
EPA 430-99-74-001 (requiring 2 equal
volume basins at minimum).
District staff program preventative
maintenance when the activated sludge
can stably operation with one activated
sludge train out of service.
During biological process upsets, staff
can divert primary effluent to oxidation
ponds.

Four 2.2-mgd capacity RAS
pumps serve the two secondary
clarifiers; RAS flow pumped
back to head of aeration basins
at a rate of 20 to 30 percent of
influent flow.

Convey RAS flow at a rate of
50 percent of influent flow
with one pump out of service.

All pumps have equal capacity.
Capacity is sufficient with one pump out
of service based on process
optimization.

Pond 4 Pump
Station

Flocculating
Clarifiers

Aeration Tanks
Secondary
Clarifiers

RAS Pumps

Reliability Criteria

Comments
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Table 2-19. Napa Sanitation District Reliability Criteria (continued)
Process Unit

Process Description

Reliability Criteria

Comments

Two high-speed blowers and
one stand-by multi-stage
blower

Provide sufficient oxygen
transfer for biological process
with one high-speed blower
out of service

System includes two newer turbo
blowers with one centrifugal blower as
standby; hence capacity is adequate.
Two rotary positive displacement
blowers provide aeration for aeration
basin influent and effluent channels.

Three pumps convey
secondary effluent to filters.
Operated to maintain a
constant level in the secondary
effluent wet well; additional
diesel pump transports
secondary effluent to the
oxidation ponds or marsh.

Convey sufficient water to
meet peak recycled water
demand (including backwash)
with one pump out of service.

See Filtration reliability criteria for
potential future demands.

Filtration

Continuous backwash filters
with three flocculators and four
filter cells treat effluent from
pond system and aeration
tanks.

Provide Title 22 recycled
water meeting projected peak
demand with all units in
service (since filters
backwash continuously).

Existing demand includes irrigation
customers within District’s current
recycled water service area during
irrigation season. Future demand could
include customers within District’s
current RW service area during nonirrigation season, irrigation customers
outside District’s current RW service
area, and non-irrigation uses.

Chlorination

Sodium hypochlorite is
injected into influent to
chlorine contact basins;

No redundancy needed for
contact basin. Redundancy
needed for ancillary
equipment such as metering
pumps.

Since WWTP can hold flow during
temporary outages, no installed
redundant equipment is provided.
Consider possible on-the-shelf
redundant chemical mixing equipment.

Dechlorination

Secondary effluent flow is
dechlorinated using sodium
bisulfite.

Redundancy needed for
ancillary equipment such as
metering pumps

Recycled Water
Reservoirs

Two recycled water basins
provide 20 AF of storage.

No redundancy needed.

Not evaluated as part of this project.

Recycled Water
Pump Station

Three (two duty and one standby) water distribution pumps
convey recycled water to users.

Provide projected recycled
water peak demand with one
pump out of service.

See Filtration reliability criteria for
potential future demands.

One 34-foot-diameter DAFT
thickens WAS solids to
3.5 percent.

Provide backup WAS
treatment when DAFT out of
service or otherwise manage
solids beyond capacity of one
egg.

Two DAFTs would provide thickened
WAS requirements with one unit out of
service, or route WAS to Pond 1 or
digest WAS without thickening.

One steel-vessel egg-shaped
digester provides volatile
solids reduction (VSR) of 45 to
65 percent. The digester
accepts thickened WAS and
primary sludge.

Provide sufficient VSR of
entire sludge flow with one
digester out of service.

Current unit process does not comply
with EPA 430-99-74-001 (at least two
digestion tanks shall be provided).
Potential means of achieving reliability
can be one additional digester, pond
storage, or a temporary digestion
system.

Flexible dual-membrane
digester cover has 62,500
cubic feet of gas-holding
capacity.

No redundancy needed.

Aeration Basin
Blowers

Secondary
Effluent
Pumping
Station

DAFT

Anaerobic
Digester

Sludge Holding
Tank Gas
Holder

2-43
Use of contents on this sheet is subject to the limitations specified at the end of this document.

Chapter 2

Wastewater Treatment Plant Master Plan

Table 2-19. Napa Sanitation District Reliability Criteria (continued)
Process Unit

Process Description

Reliability Criteria

Comments

Sludge Holding
Tank Gas
Holder Blowers

Two 350-cfm blowers control
system gas pressure and keep
the air membrane completely
inflated.

Provide 350-cfm capacity at
all times.

No redundancy needed.

Sludge Storage

The lower half of a future
anaerobic digester is used for
sludge storage prior to
dewatering.

A sufficient number of belt
filter press unit shall be
provided such that sufficient
capacity for treating average
solids flows remains when
one unit is off line.

Sufficient redundancy currently
provided.

Belt Filter Press

Three (two duty and one
stand-by) belt filter presses
provide dewatering of digested
biosolids. Polymer is mixed in
the feed solids to increase final
solids content, which typically
is 16 to 20 percent.

Cogeneration
System/Standby
Power

One digester-gas-fueled
605-HP engine operates one
420-kW engine. Two dieselfueled 800-kW stand-by
generators provided.

Provide acceptable stand-by
generator capacity for total
critical electrical
requirements.

Sufficient redundancy currently
provided.

One duty, one stand-by unit system
currently provides acceptable
redundancy.
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