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Executive Summary

Purpose of the Master Plan

The City of Benicia (City) provides the full range of wastewater services for its
customers involving the operation, maintenance, repair, and capital improvements of
a city-wide sewer collection system and a Wastewater Treatment Plant (WWTP). This
master plan update provides a foundation on which the City can base future decisions
regarding the construction, operation, and maintenance of the collection and
treatment facilities through the planning horizon of 2035 (buildout).

The master plan is formulated to be consistent
with the goals, policies and programs of the Section 2 describes the study
City’s General Plan. The master plan reflects area and land uses.

current conditions and anticipated future growth,
and incorporates information from recent relevant City studies. It includes
development of a city-wide sanitary sewer collection system model (pipelines of 10-
inch and greater diameter); use of the model to identify and analyze required capacity
improvements for these major sewers; and development of capital improvement
program recommendations based on the analysis results.

Existing Wastewater System

The City owns and operates all aspects of the

wastewater collection and treatment facilities Section 3 describes the
serving the master plan study area. The existing wastewater system
wastewater system includes a WWTP and and the hydraulic model.

sanitary sewer collection system. The City’s
collection system conveys all wastewater flows to the wastewater treatment plant
located in the southeastern part of the City. The collection system consists of about
150 miles of pipeline, a 3-mile wet weather relief (interceptor) pipeline, and 24 lift
stations.

Flow Projections

Existing and future flow projections were

developed using a land use based approach, Section 4 provides information
. . . on wastewater flow
using unit flow factors developed from City flow o :
. projections, which were used
meter data. For the master plan analysis of for the collection system
collection system, peak wet weather flows were analysis.

the critical flow condition for the evaluation of
capacity needs. The increase in projected flows between existing and buildout is not
large; due to the limited future growth in sewered land uses anticipated in the City.
Peak wet weather flows (10-year storm) are projected to increase from 18 million
gallons per day (mgd) under existing conditions to 21.8 mgd at buildout, about a 20
percent increase.

ES-1
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Regulation Review

The master plan included review of upcoming
regulations potentially affecting the City’s Section 5 summarizes the
wastewater system. The regulation review findings of the regulation
addressed wastewater treatment and discharge review.

issues including: effluent limits and total
maximum daily loads; treatment plant
operations; recycled water; biosolids; and the collection system; as well as potential
air quality issues. Overall, the City’s wastewater system is in a good position with
respect to regulatory compliance. There are no new significant regulatory issues that
the City is not already aware of and addressing.

Collection System Analysis

The hydraulic model and wastewater flow

projections were used to analyze existing and Section 6 summarizes the
buildout conditions, to determine where the evaluation criteria for the
existing collection system does not have adequate collection system analysis, and

the collection system analysis
capacity to convey peak flows. The collection results. Y Y

system capacity analysis included the modeled
gravity sewers, lift stations and force mains.

The model results for the existing and buildout peak dry and peak wet weather
simulations were compared to the evaluation criteria. Locations that did meet the
criteria were identified as deficient capacity locations. The deficient locations were
then subject to a detailed analysis to determine the need for improvements. As the
City is close to buildout, the hydraulic analysis results for existing and buildout
conditions are similar for most of the City, with the exception of the Benicia Business
Park, which is the largest future anticipated development.

Sustainability Approaches

This master plan is formulated to be consistent Section 7 summarizes

with the objectives, strategies, and sustainability approaches for
implementation actions of the City’s Climate the wastewater system.
Action Plan (CAP).

The City’s Wastewater Division has made great strides in terms of sustainable
operations. Most of the measures identified in the Climate Action Plan focusing on the
control and minimization of energy demands from their operations are in place or
currently being implemented. Energy usage for wastewater operations has been
significantly lowered in recent years by installing high efficiency aeration blowers at
the treatment plant, utilizing high efficiency pumps and motors, minimizing pumping
operations, utilizing high efficiency lights, minimizing idle equipment/processes, and
utilizing digester gas to heat the digesters at the plant. In addition, the City, in
partnership with Valero Refinery, has been developing a project to supply recycled
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water to the refinery for industrial uses, which will move forward when economically
feasible. The City should continue to monitor the potential impact of sea level rise on
high tides with respect to potential vulnerability of the treatment plant which is
located near the shoreline. Current information suggests that the mean sea level may
rise from 16 to 20 inches by 2050. Adaptive strategies to reduce the potential risk of
flooding should be designed into future rehabilitation or upgrades based on detailed
site analyses and continued monitoring of information on sea level information.

Sludge Disposal Alternatives and Treatment Options

With respect to the wastewater treatment plant,

the master plan included evaluation of potential Section 8 describes sludge

sludge (biosolids) disposal alternatives, as well as | disposal alternatives and

options for solids treatment upgrades that could solids treatment options for the
. . wastewater treatment plant.

reduce solids disposal volume and/or produce

higher quality biosolids. Reducing disposal

volume decreases hauling and landfill costs and operational greenhouse gas (GHG)

emissions. Producing higher quality biosolids can provide additional long-term

flexibility for disposal.

The City has a relatively small biosolids production. For the near-term timeframe, the
current disposal method of landfilling is the most feasible and cost effective disposal
option. There are some relatively minor and low cost modifications of the current
solids treatment processes, such as co-thickening, which could help meet the City’s
CAP goals for reducing GHG emissions. For the long-term, more capital intensive
improvements, such as sludge drying, could provide increased disposal flexibility
with higher quality biosolids.

Recommended Capital Improvements

Table ES-1 summarizes the major categories of
recommended sewer collection system capacity Section 9 presents the
improvements for the City’s Capital recommended sewer system

I P capacity improvements,
mprovement Frogram. estimated costs, and

implementation considerations.

Table ES-1
Recommended Sewer Collection System Capacity Improvements
Total Capital Cost
Type Quantity Unit (2010 $ Million)
Gravity Sewers 19,700 Feet $10.0
Force Mains 14,200 Feet $5.1
Lift Station Upgrades 165 Horsepower $1.4
Total $16.5

ES-3
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Table 9-1 (in Section 9) provides a detailed description of the recommended
improvements to provide the required sewer collection system capacity to convey
buildout flows. Figure 9-1 (in Section 9) shows the conceptual locations of the
recommended capacity improvements. All collection system improvements are sized
to convey buildout peak flows.

The sewer collection system capacity improvements for the master plan address the
larger diameter sewers (generally 10-inch and greater). The City also has an ongoing
program to identify sewer rehabilitation/replacement projects for all sewers,
including smaller sewers of less than 10-inch diameter, that address poor condition,
infiltration/inflow reductions, improved performance, or other needs.

As discussed in Section 8, landfilling continues to be the most feasible and cost-
effective disposal option for the City. Therefore, no significant capital improvements
are needed for the solids handling facilities at the wastewater treatment plant. To
provide some reduction in biosolids volume and help meet GHG emission reduction
goals, two modifications of existing solid treatment facilities/ practices are
recommended for further analysis of feasibility for near-term implementation. These
modifications, which have minimal capital costs and could be implemented
simultaneously, are:

m Co-thickening of primary sludge and scum with waste activated sludge, which
involves adding a 6-inch actuated plug valve to the existing treatment process.

m Series digestion, which involves heating an additional existing digester to increase
operational temperatures, and operation of additional existing recirculation pumps.

As part of the City’s rehabilitation/replacement program, an additional option could
be considered to retrofit the existing belt filter press from 8 rollers to 12 rollers if major
rehabilitation becomes necessary, or to replace it with a 12-roller press at the end of its
useful life. This option would require detailed investigation to determine its feasibility
and potential cost.

A potential long-term upgrade would add an on-site sludge drying unit. However,

this improvement would be very costly and is not recommended at this time given

the City’s available landfill disposal options. In future master plan updates, it could
be re-evaluated depending on future disposal needs.



Section 1
Introduction

This section describes the purpose, organization and scope of the master plan, lists
acknowledgments, and defines acronyms and abbreviations.

1.1 Purpose of Master Plan

The City of Benicia (City) provides the full range of wastewater services for its
customers involving the operation, maintenance, repair, and capital improvements of
a city-wide sewer collection system and a Wastewater Treatment Plant (WWTP). This
master plan is intended to provide a solid foundation on which the City can base
future decisions regarding the construction, operation, and maintenance of its sewer
collection system, and the treatment plant elements addressed as part of the plan. The
master plan is formulated to be consistent with the goals, policies and programs of the
City’s General Plan.

The master plan reflects current conditions and anticipated future growth, and
incorporates information from recent relevant City studies. It includes development
of a city-wide sanitary sewer collection system model (pipelines of 10-inch and
greater diameter); use of the model to identify and analyze required improvements
for these major sewers; and development of capital improvement program
recommendations based on the analysis results.

1.2 Organization of Master Plan Report

This report highlights the key master plan findings. The report is organized into nine
sections, as described in Table 1-1. Detailed technical information is in the appendices.

Table 1-1
Report Organization
Section Description
1 — Introduction Overview of the purpose, organization and scope of the Master Plan.
2 - Study Area and Land Pertinent information on the study area, and its current and future land
Uses uses.
3 - Existing Sanitary Sewer Overview of the existing system and key facilities; summary description
System of hydraulic model. Appendix A contains a Technical Memorandum
describing the hydraulic model software evaluation and selection.
4 — Wastewater Flow Development of dry weather and wet weather wastewater flows to
Projections determine peak design flows for the system evaluation.
5 — Regulation Review Summary of upcoming regulatory actions that may impact the City’'s
existing collection, treatment, and/or disposal facilities.
6 — Collection System Analysis of collection system to identify capacity deficiencies and

Analysis and Alternatives | evaluate alternative improvements based on established hydraulic
Evaluation criteria.

7 — Sustainability Approaches | General framework for integrating sustainability and green approaches
with respect to City’'s wastewater system.

8 — Sludge Disposal & Identification of sludge disposal alternatives and sludge treatment
Treatment Options options for City’s WWTP.

9 — Recommended Capital Sanitary sewer collection system improvement recommendations,
Improvements including costs and phasing; and sludge disposal and treatment

improvement recommendations at the plant.

1-1
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1.3 Scope of Services

The City of Benicia retained Camp Dresser & McKee Inc. (CDM) to prepare the
Wastewater System Master Plan. The CDM team included EOA, Inc. as a
subconsultant for the regulation review task. The scope of work included:

m Determine current and future land use information for the study area.
m Develop wastewater flow and loading projections.

m Conduct a review of upcoming regulatory actions with respect to potential impacts
on the City’s existing collection, treatment, and/or disposal facilities.

m Evaluate hydraulic modeling software and select preferred software.
m Develop a collection system hydraulic model using the selected software.

m Utilize the hydraulic model to analyze the collection system under current and
future conditions based on established hydraulic criteria, including identifying
deficiencies and evaluating alternative improvements.

m Identify sustainability issues and approaches for the City’s wastewater system.

m Identify alternatives for treatment and disposal of sludge produced by the City’s
WWTP.

m Develop capital improvement recommendations.

m Prepare a master plan report documenting the findings and recommendations.

1.4 Acknowledgments

This report would not have been possible without the valuable assistance of City staff.
In particular, the following key staff provided comprehensive information, significant
input, and important insights throughout the master plan development:

m Chris Tomasik, Former Assistant Director of Public Works/ Utilities Manager
m Jeff Gregory, Wastewater Treatment Plant Superintendent

m Carrie Wenslawski, Utilities Division Management Analyst
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1.5 Acronyms and Abbreviations

AC alternative current

ADC alternative daily cover

ADMM average day maximum month

ADW average day weather

BAAQMD Bay Area Air Quality Management District
BACWA Bay Area Clean Water Agencies

BCDC San Francisco Bay Conservation and Development Commission
BOD biological oxygen demand

BWF base wastewater flow

CAP Climate Action Plan

CASA California Association of Sanitation Agencies
Cc Construction Cost Index

CDM Camp Dresser & McKee Inc.

CECs contaminants of emerging concern

cfs cubic feet per second

CHP combined heat and power

cIp Capital Improvement Program

City City of Benicia

CIWMB California Integrated Waste Management Board
CN cyanide

CO; carbon dioxide

CO2E carbon dioxide equivalent

COPs Certificates of Participation

DAFT dissolved air flotation thickener

DEM Digital Elevation Model

DO dissolved oxygen

EIR Environmental Impact Report

ENR Engineering News Record

EPA Environmental Protection Agency

EQ Exceptional Quality

ft feet

fps feet per second

GHG greenhouse gas

GIS geographic information system

GO General Obligation

gpcd gallons per capita per day

gpd gallons per day

gpd/ac gallons per day per acre

gpd/unit gallons per day per housing unit

gpm gallons per minute

1-3
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GWI
HP
HHW

1/1

SRF

SSMP

SSO

State Water Board
TDH

TDS

TEQs

TMDL

tons/yr

TPAD

City of Benicia

Wastewater System Master Plan

groundwater infiltration
horsepower

High High Water

internal combustion

infiltration and inflow

inch

kilowatt-hour

lift station

meters per second

million gallons per day
milligrams per liter

Mean Higher High Water
municipal regional permit
megawatts

No Feasible Alternatives Analysis
National Pollutant Discharge Elimination System
operations and maintenance
polychlorinated biphenyls

Park Industrial Lift Station
Pacific Gas & Electric Company
publicly owned treatment works
Power Purchase Agreement

parts per million

photo voltaic

rotating biological contactors
rainfall-dependent inflow and infiltration
request for proposals

reverse 0smosis

San Francisco Bay Regional Water Quality Control Board

Statewide Community Infrastructure Program
selenium

San Francisco

State Revolving Fund

Sanitary Sewer Management Plan
sanitary sewer overflows

State Water Resources Control Board
total dynamic head

total dissolved solids

toxicity equivalency concentrations

total maximum daily load

tons per year

Temperature Phased Anaerobic Digestion
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TSS total suspended solids

ng/L micrograms per liter

USGS U.S. Geological Survey

VFDs variable frequency drives
WDR Waste Discharge Requirements
WLA wasteload allocations

WWTP Wastewater Treatment Plant

Section 1
Introduction
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Section 2
Study Area and Land Uses

This section describes the master plan study area, the land uses within the study area
for development of flow projections, and relevant General Plan goals and policies.

2.1 Study Area

The Wastewater Master Plan study area includes the entire City incorporated area
within its current City limits. Figure 2-1 shows the boundary of the City limits
(incorporated area). All development will occur within the City limits.

Figure 2-1 also shows an outer “planning area boundary” that is generally
comparable to the City’s Sphere of Influence as defined by the Solano County Local
Agency Formation Commission. The area outside the City limits that is within the
outer planning area boundary is primarily to the north and extends to the southern
boundary of the Tri-City and County Open Space Area. The City has designated this
outer planning area as open space. The outer planning area is not included within the
master plan study area.

2.2 Existing and Future Land Uses

To determine existing and future land uses within the City boundary, CDM
developed an electronic (GIS-based) land use map for the master plan. Buildout land
uses were based on the information from the City’s zoning map dated July 2006, the
2003 General Plan land use map, the current 2007-2014 Housing Element Update, and
the Benicia Business Park Development Plan. Existing land use information was
developed by identifying and delineating vacant land polygons using aerial photos
from Google and subtracting that from the buildout land use map.

Figure 2-1 shows the land use information that will be used to develop wastewater
flows within the City boundary. Figure 2-1 shows buildout land uses, as well as large
vacant areas that could potentially be developed in the future.

Table 2-1 summarizes the existing and buildout land use acreages by land use
category within the City boundary. Table 2-1 identifies existing developed areas
served by the sewer system, large vacant areas assumed to develop in the future by
buildout, and areas assumed to remain permanently unsewered such as parks, open
space and marsh lands, shorelines, and freeways.

The land use information is at a level of detail appropriate for master planning
purposes, and not intended to be a detailed representation of the City’s General Plan
or Zoning Map. The land use categories on Table 2-1 have been aggregated for the
master plan by combining closely related types into a single category, e.g., all
commercial types in one category. The aggregated master plan types provide an
appropriate level of detail for development of unit flow factors and flow projections
as discussed in Section 4.

2-1
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Section 2
Study Area and Land Uses

City of Benicia

Wastewater System Master Plan

Table 2-1

Land Use Categories and Acreages

Large Vacant Parcels Permanent
Existing for Future Buildout
Land Use Category @ Unsewered
(acres) Development (acres)
(acres)
(acres)

Low Density Residential 1,828 - - 1,828
Medium Density Residential 437 - - 437
High Density Residential 10 - - 10
Commercial (includes general, 212 63 - 275
downtown, community,
waterfront, business and
professional office, and mixed
use)
Industrial (includes general, 1,673 999 - 2,672
limited, and water front)
Public and Quasi-Public 225 - - 225
Park - - 339 339
Open Space/Marsh - - 2,117 2,117
Shorelines and Freeways - 1,159 1,159

Total 4,385 1,062 3,615 9,062

(e
primarily infill projects.

Large vacant parcels are shown in this table. Other future development, such as future residential, will be

It should be noted that areas designated as industrial in Figure 2-1 and Table 2-1 are

large areas, of which only a portion of the parcel typically has developed uses and the
rest remains as open space or other unsewered uses. The unit flow factors in Section 4
take into account the level of development.

The City is very close to buildout. Future development is anticipated to include:

m The largest future development area is the proposed Benicia Business Park
Development west of I-680 between Lake Herman Road and East Second Street,
which has a total area of 528 acres. It is anticipated that the proposed development
will consist of: 150 acres of limited industrial, 35 acres of commercial, 30 acres of
roads, and 313 acres of open space. The developable lands are located on the south
side of the property; the northern part will remain open space.

m There are also some other larger vacant developable parcels designated for future
industrial uses. These parcels have a total area of about 470 acres. According to

information from a 2005 Municipal Services Review conducted by the Public Works
& Community Development Department’s Planning Division (as referenced in the
City’s September 2007 Economic Development Strategy), about half of the area may
be developable, about 240 acres, with the remainder left as wetlands/open space.
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m As shown in Table 2-1, there are no large vacant parcels designated for future
residential uses. Future residential development will be primarily infill.

According to information provided by the Public Works & Community
Development Department’s Planning Division, there are no future large
residential development areas.

The future residential land uses also include an additional future 532
residential units that are part of the City’s 2007-2014 Housing Element Update.
Based on the available information, these housing units are anticipated to be
high density residential that will be infill development in the southern part of
the City. The locations for the infill areas are based on the conceptual locations
identified in the Housing Element Update. These future units are included in
the buildout land uses and future flow projections.

m There are two major commercial redevelopment areas in the southeastern portion
of the study area:

2.3

Downtown Mixed Use Area of about 90 acres bounded roughly by West
Second Street to the west, C Street to the south, East Second Street to the east,
and K Street to the north. This existing commercial area would be redeveloped
with a variety of commercial uses, primarily retail-oriented uses on the ground
floor, and potentially office uses or residential units, e.g., live/work spaces, on
upper floors.

Historic Lower Arsenal Mixed Use Area of about 50 acres generally bounded
by lands adjoining I-780 on the north, land adjoining I-680 on the east, Port of
Benicia land and the Carquinez Strait on the south, and residential
neighborhoods on the west. After full redevelopment, this area would contain
about 43 acres of mixed uses (primarily commercial and office, and some
limited residential such as work/live), 22 residential units, and 7 acres of open
space.

Relevant General Plan Goals, Policies, Programs

The Wastewater Master Plan must be consistent with the relevant goals, policies and
programs in the City’s General Plan. As used in the General Plan, “goals” are long-
range answers to what the City wants to accomplish. Policies are medium- or short-
range statements that guide day-to-day decision-making so there is continuing
progress toward attainment of goals. Programs are the actions taken to implement a
specific policy or group of policies.

Summarized below are the relevant goals, policies and programs as obtained from the
City’s current 1999 General Plan; the adopted 1999-2006 Housing Element as modified
by the current 2007-2014 Housing Element Update submitted for certification by the

2-3
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State Department of Housing and Community Development; and the City’s Strategic
Plan for 2009-2011.

Land Use and Growth Management
m Growth Management Goal 2.4: Ensure that development pays its own way.
e Policy 2.4.1: Ensure any new development to be fiscally and financially sound

and pay its own way with respect to the City and School District capital
improvements.

— Program 2.4.A: Monitor development to ensure it does not overburden the
City’s infrastructure.

Community Services
m Public and Quasi-Public Goal 2.28: Improve and maintain public facilities and
services.

e DPolicy 2.28.1: Require that new development not reduce the levels of service in
existing neighborhoods below City standards.

— Program 2.28.A: Establish standards for City services and facilities as
approved by the City Council (see also Program 2.6.E).
m Water Goal 2.40: Ensure adequate wastewater treatment capacity to serve all

development shown in the General Plan.

e Policy 2.40.1: Approve changes in land use designations for new development
only if adequate wastewater treatment capacity is assured.

e Policy 2.40.2: Promote use of reclaimed water where feasible.

— Program 2.40.A: Prepare, adopt, and implement a sewer maintenance and
replacement program.

— Program 2.40.B: Continue to implement the City’s Wet Weather
Management Plan.

e Policy 2.40.3: Encourage developments with projected high strength
discharges to reduce pollutants directly to the City’s wastewater system.

— Program 2.40.C: Educate developers about recycling and other
technological methods where feasible.

— Program 2.40.D: Continue to pursue the City’s Pollution Prevention
Program for all users of the City’s wastewater system including
commercial, industrial and residential.

— Program 2.40.E: Continue to pursue the City’s pretreatment program for
industrial dischargers.
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m Water Goal 2.41: Minimize Wastewater Treatment Plant (WWTP) operational
upsets, potential discharge of inadequately treated wastewater, and the emission of
odor and noise.

Policy 2.41.1: Have accomplished replacement of the gaseous chlorine system
with a less hazardous chemical (such as liquid chlorine system) and will
continue efforts to address the potential safety impacts to the neighborhood
surrounding the WWTP.

Policy 2.41.2: Continue to work with neighbors to implement programs that

minimize odor, noise, and potential safety impacts to the neighborhood
surrounding the WWTP.

Open Space and Conservation of Resources

m Energy Conservation Goal 3.27: Improve energy efficiency.

Policy 3.27.1: Promote energy conservation in all new development and

during rehabilitation of existing homes.

— Program 3.27.A: Distribute information on weatherization and energy
conservation.

— Program 3.27.B: Implement State energy conservation requirements in new
housing.

2007-2014 Housing Element Update

The City’s 2007-2014 Housing Element Update includes the following goals and
policies related to energy efficiency and conservation:

m Goal 6 - Housing in Benicia is Energy Efficient.

Policy 6.01 - Enforce State requirements for energy conservation in new
residential projects and encourage residential developers to employ additional
energy conservation measures with respect to siting of buildings, landscaping,
and solar access.

Policy 6.02 - Enforce the California Energy Commission energy efficiency
requirements in new housing and encourage the installation of energy saving
devices in pre-1975 housing,.

Policy 6.03 - Encourage green building design standards in new construction
and redevelopment to achieve increased energy conservation.

Strategic Plan

The City’s Strategic Plan for FY 2009-2011 also includes the following near-term
strategies related to accomplishing the General Plan goals of sustainability and
improving energy efficiency:

m Strategic Issue 2 - Protecting and Enhancing the Environment

Strategy 1 - Reduce greenhouse gas emissions and energy consumption.

Strategy 3 - Pursue and adopt sustainable practices.

2-5



Section 3
Existing Sanitary Sewer System

This section provides an overview of the existing sanitary sewer system and the City’s
current Sanitary Sewer Management Plan goals, and describes the hydraulic model
developed for the sewer system.

3.1 Overview of Existing System

The City of Benicia wastewater system includes the WWTP and sanitary sewer
collection system. The collection system consists of about 150 miles of pipeline, a
3-mile wet weather relief (interceptor) pipeline, and 24 lift stations.

Figure 3-1 provides an overview of the City’s existing sanitary sewer system. The
figure shows the location of the WWTP, the existing lift stations, and the major larger-
diameter sewers modeled and analyzed in the master plan, as well as smaller
diameter un-modeled sewers. The master plan analysis focused on the backbone
sewer system consisting of 10-inch and larger diameter sewers. The modeled sewer
system is described in more detail in Section 3.3.

The City owns and operates all aspects of the wastewater collection and treatment
facilities serving the master plan study area. In 2000, the City completed a $20 million
upgrade of the WWTP. Since 2000 the City has implemented extensive
infiltration/inflow rehabilitation improvements at critical locations in the collection
system. In 2005 the City completed a $15 million wet weather upgrade of the
treatment plant and collection system.

3.1.1 Wastewater Treatment Plant

All sanitary wastewater collected by the City’s system flows to the WWTP in the
southeastern part of the City. The plant operates under a National Pollutant
Discharge Elimination System (NPDES) permit issued by the San Francisco Bay
Regional Water Quality Control Board (RWQCB).

The plant provides secondary treatment of wastewater from domestic, commercial
and industrial sources within the master plan study area. The WWTP has a permitted
average dry weather design treatment capacity of 4.5 million gallons per day (mgd), a
peak one hour wet weather secondary treatment capacity of 18 mgd, and a short term
maximum hydraulic capacity of 24 mgd.

Figure 3-2 provides an overview schematic of the WWTP. The WWTP includes
influent screening and grinding, grit removal basins, primary sedimentation basins
(clarifiers), biological secondary treatment via two parallel activated sludge basins or
three parallel trains of rotating biological contactors (RBCs), followed by secondary
clarification, chlorination and dechlorination.

3-1
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The peak secondary treatment capacity of 18 mgd utilizes the RBCs and/or
multipurpose basins at the plant. When flows exceed 8 mgd through the activated
sludge process, the operations staff sends any excess primary effluent to either the
RBCs (up to 10 mgd) and/or to multipurpose basins for equalization, depending
upon storm conditions. The plant has seven flow multipurpose basins where up to
one million gallons of influent can be diverted and temporarily stored during peak
flows or upsets and subsequently returned to the plant for full treatment. The
multipurpose basins also provide a parallel treatment process (primary sedimentation
and blending), if needed, for peak wet weather flows through the plant in excess of

18 mgd.

Solids removed from the wastewater stream are thickened by a gravity thickener or
primary sedimentation basins (for primary sludge) and dissolved air flotation (for
waste activated sludge). The primary sludge can be directed to a gravity thickening
system for further thickening if necessary. The solids are then anaerobically digested
and dewatered by a belt filter press. Stabilized, dewatered biosolids are transported
off-site for disposal at a permitted landfill and used as landfill base or alternative
daily cover.

Treated effluent flows by gravity or is pumped from the outfall box through a 33-inch
diameter concrete cylinder outfall pipe. The flow then discharges through 51 diffuser
risers located in the Carquinez Strait south of the WWTP, approximately 500 feet off
the north shore. The discharge system consists of a 1,100-foot long outfall pipeline and
a 150-foot long outfall diffuser pipeline. Effluent pumping is required for discharge
during periods of elevated tide in the Strait or to accommodate peak wet weather
flows. Effluent pumping capacity is 24 mgd.

The City’s WWTP currently provides wet weather overflow protection for a design
storm recurrence interval of 20 years. As part of its permitted wet weather operating
strategy, the WWTP may blend up to 6 mgd of primary effluent from the
multipurpose basins with secondary effluent prior to disinfection. The multipurpose
basins operate as primary sedimentation/storage basins during wet weather events.
If peak wet weather influent flows exceed the 18 mgd secondary treatment capacity, a
maximum of 6 mgd can flow by gravity from the multipurpose basins to the chlorine
contact basins where it can be combined (blended) with the remaining treatment plant
flow of 18 mgd. The total 24 mgd flow then would go through the chlorination and
dechlorination treatment process before discharge. Since the plant wet weather
improvements were completed in 2005, the facility has reported only one blending
event lasting a short duration during a storm event in December 2005 greater than the
20-year recurrence, with 0.07 million gallons blended of a total of 11.1 million gallons
of effluent. Given the highly dilute nature of wet weather flows, the blended treated
effluent complies with daily maximum conventional constituent effluent limits.
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The City is considering a project to reclaim secondary treated effluent for use as
cooling water by a local industry. The project would require additional wastewater
treatment by reverse osmosis to provide 1 to 2 mgd for industrial use. Design and
start up of a reclamation facility is contingent upon the availability of adequate
funding. No timeframe has been set for project implementation.

3.1.2 Collection System

The City’s collection system conveys all wastewater flows to the wastewater
treatment plant located in the southeastern part of the City. Wastewater flows from
the collection system are discharged to the treatment plant from a 30-inch gravity
sewer conveying domestic flows, a 24-inch gravity sewer conveying flows from the
eastern industrial area, and a wet weather screening structure receiving flows from a
36-inch wet weather relief interceptor sewer.

The collection system has 24 lift stations, shown on Figure 3-1, where needed due to
topography. Most lift stations serve relatively small tributary areas and are relatively
low capacity and low lift with short force mains that connect to the nearest gravity
sewer. The industrial area on the east side of the City has some larger lift stations and
a larger force main conveyance system along Bayshore Road and Park Road.

The City’s collection system, as shown on Figure 3-1, has about 150 miles of sewer
pipe ranging in size from 4 inches to 36 inches in diameter. The larger diameter
pipelines of 10-inches and greater comprise about 15% of the total length; with the
remaining 85% consisting of 8-inch and smaller diameter sewers. The modeled
collection system is described in more detail in Section 3.3.

The City has an ongoing program to improve its collection system. Since 2000, the
City has implemented a number of projects to reduce infiltration and inflow (I/I) and
to provide additional wet weather conveyance capacity. A 3-mile 24- to 36-inch
diameter relief sewer pipeline was constructed from West 10th Street to the treatment
plant site at East 5th Street to provide additional conveyance capacity for peak wet
weather flows. The relief pipeline project was done in conjunction with extensive wet
weather upgrades at the treatment plant. The City has also implemented a number of
replacement projects to upgrade existing collector sewers and to repair/rehabilitate
undersized and/ or deteriorated sewers.

3.2 Current Sanitary Sewer Management Plan Goals

The City has a Sanitary Sewer Management Plan (SSMP) to address RWQCB Waste
Discharge Requirements. The SSMP addresses statewide sanitary sewer overflow
(SSO) requirements adopted by the State Water Resources Control Board (State Water
Board) in 2006 as part of General Waste Discharge Requirements (SSO WDR). These
requirements are applicable to federal and state agencies, municipalities, counties,
districts, and other public entities that own or operate sanitary sewer systems greater
than one mile in length that collect and/or convey untreated or partially treated
wastewater to a publicly-owned treatment facility in the State of California.
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The SSMP addresses the following aspects of the City’s collection system facilities and
operations: staffing organization; legal authority; maintenance procedures and
activities; overflow emergency response plan; fats, oils and grease control measures;
design and construction standards; and capacity management measures.

Formulation of this master plan considers the SSMP’s stated goals, which include:

m Properly manage, operate and maintain all parts of the wastewater collection
system to provide reliable and uninterrupted service 99% of the time.

m Provide adequate capacity to convey peak flows and reduce annual inflow and
infiltration in the collection system.

m Take all feasible steps to eliminate or reduce sanitary sewer overflows.
m Mitigate the impact of SSOs utilizing safe, practical, proven and effective methods.

m Provide operations and maintenance (O&M) training for all field crew and stand-by
personnel who are involved in responding to sewer system overflows.

3.3 Sewer System Hydraulic Model

As part of the master plan, an updated hydraulic model of the City’s sanitary sewer
system has been developed and used for the sewer system analyses. Below is a
summary overview of the model software, the modeled system network, and the
modeled subareas.

3.3.1 Conversion of Previous Model to H2OMap SWMM

The City’s previous sanitary sewer model used for the infiltration/inflow analysis
was in an older version of EPA SWMM. As part of this master plan, several model
software packages were evaluated. Based on the evaluation results and model
demonstrations, the City selected H2OMap SWMM as the model software to be used
for this master plan. Appendix A contains a technical memorandum describing the
model software evaluation.

The City’s previous model was initially converted to H2OMap SWMM by transferring
pipes, manholes, and modeled pump stations along with their attributes. The
converted model was then checked to ensure that data was accurately transferred
from the old to the new model software.

H20OMAP SWMM was selected by the City for the following reasons, after review of
the evaluation findings and demonstrations by the software vendor:

m Provides consistency with the previous I/1 evaluation analyses, which also used a
dynamic model and similar approach for the analysis parameters.

— Generates detailed flow hydrographs rather than only peak flows.
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— Allows for detailed fully dynamic routing analysis that considers flow
attenuation (routing) and in-system storage; provides detailed analysis of
potential surcharge locations and impacts. Greater accuracy allows for more
refinement of improvements, rather than relying on conservative peak flow
approach as with a steady-state model.

m Provides all required software as part of the model package. It is not necessary for
the City to have or purchase other software to use all the features of these packages.
H20OMap SWMM has built-in GIS capabilities, and does not require any hosting
software. It is compatible with an ESRI ARC-GIS database system, if the City
should develop a citywide GIS in the future, and information can be exchanged
between the model and an ARC-GIS database in various formats, e.g., shape files.

m Provides built-in tools and features to help simplify data input and analysis. Model
can be used subsequent to the master plan to analyze proposed changes to sewers,
e.g., pipe size changes due to replacement/improvement projects, adding a sewer
extension, sizing new pipes to serve new development areas, or determining the
impact on downstream facilities from adding a new sewer inflow. It is possible to
easily isolate and analyze portions of the system, such as proposed development
areas, without requiring simulations to be performed on the entire system.

m Model facilities database can be easily expanded to add more sewer facilities in the
future and can be linked to future software, such as a City GIS system or
maintenance management software.

The locations of the model facilities are based on the AutoCAD drawing file provided
by the City for its sewer, water, and stormwater utilities. The alignments of the
modeled sewers were adjusted to match those in the AutoCAD file from the utility
map book. The locations of the City’s facilities are referenced to State Plane
Coordinates, NAD 27 Datum. Where there are parallel sewers within the same right-
of-way, the sewer locations have been adjusted (separated) so that the two lines are
legible at the scale used for the master plan figures.

3.3.2 Modeled Sewer Network

Figure 3-3 shows the modeled sewers for the master plan analysis. The locations of
facilities are at a planning-level of detail consistent with the model accuracy.
Figure 3-3 includes the following information:

m Existing modeled sewers color-coded by diameter. Existing gravity sewers are
shown as solid lines. Existing force mains are shown as dotted lines.

m Location of modeled pump stations.
m Location of modeled diversions within the sewer system (which are bifurcations of

flow between two or more pipes).
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The model simulates a skeletonized system with about 22 total miles of modeled
pipelines. The skeletonized system includes all the major trunk sewers, 10-inch
diameter pipes and larger. Additional smaller diameter lines were added to the model
as needed to keep tributary areas at a reasonable size. The previous model was
compared against the City’s current utility map book to determine if additional
existing sewers needed to be added to the model system. The City provided an up-to-
date utility map book (AutoCAD files, as of October 2008). Table 3-1 summarizes the
lengths of the modeled sewers by diameter.

Table 3-1

Modeled Collection System Sewers
Diameter (inches) Length (feet)

8 23,000

10 15,000

12 35,000

14 8,500

15 6,000

18 4,500

24 13,000

27 700

30 5,300

36 7,000

Total 118,000

The model was also updated to include the four lift stations and associated force
mains in the eastern industrial area along Bayshore Road and Park Road that either
receive flows from modeled gravity sewers or discharge directly into modeled force
mains. The modeled system does not include the other smaller diameter sewers, lift
stations in residential areas, lift stations that discharge to un-modeled sewers or that
discharge into a modeled lift station, i.e., that do not discharge directly to a modeled
force main, or small lift stations serving small residential /commercial areas. The
updated model includes the following lift stations:

m Park Industrial Lift Station (includes Industrial Way Lift Station area)
m Tire Shop Lift Station (includes Bayshore Lift Station area)

m Benicia Industries Lift Station

m Wharf Lift Station

The pump stations are modeled as either pump curves using the actual manufacturer
pump curve where available or pump design capacity with pumps set to operate on
level controls as provided by the City.

Basic data checks were conducted of the converted model for missing data and
physical inconsistencies (e.g., reverse pipe slopes or diameter changing from larger to
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smaller rather than vice versa). For facilities already in the current model, missing or
inconsistent data was corrected; however, all other physical data in the current model
for existing sewers (e.g., diameters, inverts, material) was assumed to be accurate and
will not be verified.

For existing gravity sewers added to the previous model, diameter and material data
were obtained from the utility map book. Rim and invert elevation data was not
available from the utility map book and would have been very time consuming to
obtain from as-built plans. Instead CDM, accompanied by City staff, obtained
manhole rim and invert elevation information for facilities that were added by
conducting field investigation to determine GPS elevation at the manhole rims and
measuring down for invert depths.

The model does not include any private facilities that may discharge into the modeled
collection system.

3.3.3 Modeled Tributary Subareas

Figure 3-4 shows the updated model subareas, and the following information:
m Modeled sewers
m Boundaries of subareas tributary to the modeled sewers.

m Loadpoint manhole for each subarea. The loadpoint was selected based on where
most of the flow from each subarea enters the sewer system.

Tributary subareas were identified for allocating wastewater flows to the appropriate
modeled sewer. Each subarea has at least one connection node in the hydraulic
model. Current and future land uses for each tributary subarea were tabulated using
the land use information in Section 2.

The tributary subareas from the previous model were updated to reflect the expanded
current model and updated model facilities. For existing developed areas, subarea
boundaries were checked against existing sewer pipe layouts and topographic data
and modified as needed. Information was reviewed regarding the planned sewer
layout from the Benicia Business Park Sewer Collection System Analysis (2006) to
determine the discharge locations from that future development.
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Section 4
Collection System Flow Projections

This section summarizes the system-wide wastewater flow projections for the
collection system, and describes the development of the flow projections. The peak
dry weather and peak wet weather wastewater flows in this section are used for the
Section 6 collection system analyses. Section 8 discusses treatment plant flows.

4.1 Summary of Collection System Peak Flow
Projections

Table 4-1 provides a system-wide summary of the estimated total existing and
buildout peak wastewater flows for the City’s collection system through buildout
(year 2035). To develop the flow projections, unit flow factors and parameters were
developed based on flow monitoring data and used in conjunction with the sewered
land use information from Section 2.

For the collection system analysis, peak wet weather flows are the critical condition
for evaluating the capacity of collection system facilities. As indicated by Table 4-1,
the increase in projected peak flows between existing and buildout is not large; this is
due to the limited future growth in sewered land uses anticipated in the City. It is
anticipated that the increase in flows would be approximately linear between the
existing and buildout timeframe.

Table 4-1

Summary of Peak Flow Projections for
Collection System Analysis (mgd)

Flow Condition Existing Buildout
(2035)
Peak Dry Weather 4.9 6.0
Peak Wet Weather (10-Year Storm) @ 18.0 21.8

WA 2000 infiltration/inflow study conducted by the City estimated the 10-year
buildout peak wet weather flow at 26 mgd without rehabilitation improvements;
and at 20 mgd after completion of recommended infiltration/inflow improvements.
The updated master plan buildout projections indicate that the City’s ongoing
rehabilitation program has been effective in helping to reduce peak wet weather
flows.

As described in this section, the master plan analyzed recent actual flow monitoring
data collected for the master plan to determine land use based unit flow rates, diurnal
curves for dry weather peaking, and infiltration/inflow rates developed by flow
meter basin. The master plan flow projections are used in Section 6 for the system-
wide model analysis of major collection system facilities with large tributary areas.

The wastewater flow criteria in the City’s 1992 Engineering Standards are applied on
a localized basis to conservatively estimate flows for future development areas, which
are smaller than the master plan tributary areas and include smaller facilities not part
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of the master plan. The peaking factors for smaller tributary areas are typically higher
than those for larger areas; higher unit flow factors conservatively estimate future
flows from new development. The City may want to consider re-visiting the
wastewater generation rates in its 1992 standards.

4.2 Background for Development of Flow Projections

In 2000, the City completed an I/I Improvement Projects Master Plan, which resulted
in implementation of a 3-mile long major relief sewer pipeline and wet weather
improvements at its wastewater treatment plant.

The City conducted extensive studies of the existing sanitary sewer system and
wastewater flows as part of its /I improvements program. The flow projections for
the 2000 Plan are documented in the following report:

m September 2000, I/I Improvement Projects Master Plan, Appendices:

— Appendix B-1, Results of Wet Weather Flow Hydrograph Analysis, September
22,1998; and

— Appendix B-2, Development of Flows and Design Storm, October 28, 1998.

The flow projections in this section provide updated information utilizing recent flow
monitoring data collected by the City for the master plan as described in Section 4.3.

4.3 Overview of Wastewater Flow Components

The three main wastewater flow

components are described below.

Figure 4-1 shows a generic schematic of ]j | ’:] mmm RDII Rainfall Dependent
Infiltration/Inflow

the wastewater flow components (not

specific to the City system).

J Precipitation Legend

m GWI Groundwater
Infiltration

| BWF Base
Wastewater Flow

Wastewater facilities are typically
designed for peak flow conditions.
Typically peak wet weather flows are
the more stringent (higher) flow
conditions, which are estimated as the
average dry weather base flow plus
rainfall-dependent infiltration and
inflow. In some cases, such as for small
tributary areas or locations with little
rainfall, peak dry weather flows may be
higher than the peak wet weather flows. Figure 4-1

For this master plan, peak wet weather Generic Schematic of
. .. Wastewater Flow Components
flows are the key design condition.

Flow

Time
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Base Wastewater Flow (BWEF) is sanitary wastewater from residential, commercial,
industrial, and institutional (e.g., schools, churches, hospitals) sources. It is affected
by the population and land uses in an area, and varies throughout the day in response
to personal habits and business operations. Base wastewater flow is the primary
component of dry weather flow.

Groundwater Infiltration (GWI) is defined as groundwater entering the collection
system that is not related to a specific rain event. GWI occurs when groundwater is
above the sewer pipe invert and infiltrates through defective pipes, pipe joints, and
manhole walls. The magnitude of the groundwater infiltration depends on the depth
of the groundwater table above the pipelines, the percentage of the system that is
submerged and the physical condition of the system. GWI is seasonal and typically
declines during dry weather periods as groundwater levels drop.

Rainfall-Dependent Infiltration/Inflow (RDI/I) is stormwater that enters the collection
and trunk sewer system in direct response to the intensity and duration of individual
rainfall events. RDI/Iis comprised of storm water inflow and rainfall-dependent
infiltration. Stormwater inflow reaches the collection system by direct connections
rather than by first percolating through the soil. Stormwater inflow sources may
include roof downspouts illegally connected to the sanitary sewers, yard and area
drains, holes in manhole covers, or cross-connections with storm drains or catch
basins. Rainfall-dependent infiltration includes all other rainfall-dependent flow that
enters the collection system, including stormwater that enters defective pipes, pipe
joints, and manhole walls after percolating through the soil.

4.4 Flow Monitoring Data

During 2007 and 2008, the City contracted with SFE Global for flow monitoring
during both dry and wet weather periods. The available metered data collected
during the dry and wet periods was used, in conjunction with the previous flow
monitoring data from the 2000 Plan, to review and update the key assumptions for
unit flow and peaking factors. While there were a limited number of storms during
the recent flow monitoring, due to dry year conditions, the available information was
sufficient to review and update the previous assumptions.

Figure 4-2 shows the seven flow monitoring locations and tributary basins. The
locations included:

m FM #1 - Located on H Street between E. 6th Street and E. 7th Street.

m FM #2 - Located on O Street just west of E. 5th Street and just south of the 1780.

m FM #3 - Located north of St. Augustine Drive, east of E. 2nd Street and west of
Varni Court.

FM #4 - Located at the intersection of Southampton Road and Chelsea Hills Drive.
m FM #5 - Located at the intersection of Military West and W. 10th Street.
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m FM #6 - Located on Southampton Road East of the intersection of Southampton
Road and Hastings Drive.

m FM #7 - Located at the end of Palace Court west of the intersection of Palace Court
and Rose Drive.

In addition to flow monitoring, two rain gauges were also set up to capture
precipitation data. One rain gauge was located at Park Road north of Industrial Way;
and one was located at the Fire House at 601 Hastings Drive. The rain gauge sites
were chosen in consideration of existing City rain gauges within the City.

To obtain reasonably accurate flow measurements, the flow monitoring sites were
located using the following criteria:

m Sewer Hydraulics - The flow characteristics in the selected sites must be suitable
for accurate flow measurements. The flow patterns in the proximity of the selected
manholes must not show evidence of non-uniform flow, which is normally caused
by the existence of bends, flow diversions and junction manholes. In addition, the
monitoring sites should avoid areas with sediment or debris, which negatively
impacts the flow characteristics.

m Site Access - The access to the selected manhole was carefully considered. For
example, a manhole in the middle of a major intersection is extremely difficult to
maintain on the proper schedule due to safety concerns.

m Modeling Objectives - Modeling objectives are reviewed if the flow meter locations
are moved further upstream or downstream because of hydraulic or access issues.

4.5 Dry Weather Flows

Dry weather flows conveyed by the collection system are comprised of the following
two components:

m BWF from customers. The BWF is estimated by applying a unit flow factor for each
contributing land use type based on acreage, in order to calculate a contributing
flow for each land use type. Unit flow rates for base wastewater flows are typically
based on late summer dry weather flows when GWI would be at a minimum. The
total base flow is the sum of all the contributing land use types from sewered areas.
Non-sewered areas, such as parks, open space, marsh, and vacant areas, do not
contribute base flows to the collection system.

m GWI during dry weather. During dry weather, it is anticipated that groundwater
levels will be at their lowest, and that groundwater infiltration will be negligible.
The unit flow rates for BWF developed using dry weather flow monitoring data
already account for any small amount of GWL

To estimate the BWF component, the land use types identified in Section 2 were used
in conjunction with unit flow factors for each land use type. The master plan land use
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types combined some similar uses for the planning level analysis, e.g., all commercial
categories were combined as one land use type.

Table 4-2 summarizes the previous unit flow factors, and the factors used to develop
the collection system flows for this master plan. The unit flow factors identified in the
2000 study were reviewed based on the recent flow monitoring data. The unit flow
factors in the 2000 study were not based on flow metering data, but were estimated
based on the available information on unit flow rates from other sewer agencies in the
Bay Area. Some modifications have been made to the previous unit flow factors to
reflect the recent flow monitoring data.

Table 4-2

Average Dry Weather Flow Estimates for Collection System Analysis

2000 Unit Unit Flow Existing EEssttiir;:thtZd Buildout Estimate
andsecasgory | Fonne | RIS | siaing | B0 | S
(gpd/ac) Acres (mgd) Acres Flow (mgd)
Residential - Low Density 800 900 1828 1.65 1828 1.65
Residential - Medium Density 1500 1800 413 0.74 437 0.79
Residential - High Density 2800 2600 10 0.03 10 0.03
Commercial 800 1300 205 0.27 243 0.32
Public/Quasi-Public 700 1200 215 0.26 225 0.27
Industrial @ 700 250 970 0.24 1013 0.25
Benicia Business Park © NA NA NA NA NA 0.51
Future Residential Units per Draft
Housing Element Update NA NA NA NA NA 0.12
Total for Sewered Area 3.19¢® 3.94©®

@ gpd/ac = gallons per day per acre

()

Industrial area excludes Valero property, as it is a large user and the typical unit rates are not applicable. The areas for other

industrial properties that are or will be served by the City system have been reduced by 25 percent based on the typical level of
development of the existing industrial sites. Valero’s administration building discharges to the City’s system; however, Valero
process wastewater is treated at its private treatment facility. However, Valero’s agreement with the City would allow re-connection
to the City system with prior notification and approval by the City; and also allows for emergency discharge. Therefore, for long-
term planning, Valero was modeled as a point source that could potentially contribute a base flow of 43,400 gpd. For long-term
master planning purposes, the analysis assumes re-connection or emergency discharge may occur in the future; and the system

must be able to handle the flow.

®  The Benicia Business Park is treated as a future point load to the City's system, as it is the largest remaining future industrial and
commercial development within the City. More definite planning information is available on the proposed development for this
project than for the remaining future industrial or commercial areas. The future wastewater flows for this development are taken
from the Benicia Business Park Sewer Study and EIR, which define the anticipated types of industrial and commercial uses within

the development.

“ The City’s 2010 Housing Element Update includes 532 future residential units. These future units have been allocated to various
proposed locations identified in the draft housing element update, which are primarily at infill locations in the older downtown and
Arsenal areas. The unit flow rates per residential unit range from 350 gallons per day per unit (gpd/unit) for single family residential;
225 gpd/unit for medium family residential; and 175 gpd/unit for high density residential. The draft housing element indicates that
the future units will likely be multiple family developments. To be conservative, the medium density unit flow rate has been used for

the future estimate.

® The total average dry weather flow in Table 4-2 is for the purpose of the collection system analysis in Section 6. Section 8 contains
information on treatment plant flows; WWTP dry weather effluent (discharge) flow is typically lower than influent flow by 0.6 to 1
mgd (1.2 mgd in 2010) due to plant processes/recycle flow. Currently, WWTP dry weather effluent flow averages about 2 mgd;
while influent flow, including plant process recycle flows, averages about 3 mgd.
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Table 4-2 also shows the estimated existing dry weather flows for the collection
system using the recommended unit flow factors. Based on available information at
the time the flow analysis was conducted, the existing average daily flow at the City’s
treatment plant averaged about 3 mgd from 2001 through 2005, with 2.7 mgd average
dry weather flow in 2004. Using the recommended unit flow factors, in conjunction
with the existing tributary sewered areas, the estimated total average dry weather
flow in the collection system is about 3.19. This indicates that the recommended unit
flow factors reasonably and conservatively represent actual flows for the overall
collection system. The existing sewered acreages shown in Table 4-2 are
conservatively high, as small infill areas are included in the existing amounts.

Dry weather flows vary throughout the day based on customer usage. These patterns
can be expressed as diurnal curves relating the ratio of the daily average flow to the
hourly flow over a 24-hour period. Based on the available flow monitoring data,
diurnal curves have been developed on a system-wide basis for the major customer
categories, i.e., residential, commercial, and industrial.

Figure 4-3 shows the dry weather diurnal curve patterns developed for the City’s
system for the residential, commercial (including institutional/public), and industrial
categories. The maximum peaking factor value in each diurnal curve represents the
peak dry weather

flow factor for that
customer category.
The model uses the 2.0

peak flow factor s 18
. 16
from each diurnal S 2\ ,

C— 17 XX C ial
curve to calculate w2 17 \w\ ommercia
the respective ; é'g V7 S— \_ = Residential
ﬂOWS for eaCh § 0:6 _E—/ | N USt Al
contributing land 0.4 -
use category at 8-3
each time step, and ' . ;1 é 1'2 1'6 2'0 2'4
then combines the
flows for each Time (hours)
tributary subarea
prior to routing the Figure 4-3
flow through the Dry Weather Diurnal Curve Patterns

sewer system.

As indicated in Figure 4-3, the peak dry weather flow for residential land uses is
about 1.6 times the average dry weather flow. For commercial/institutional and
industrial land uses, the peak dry weather flow is about 1.4 times the average dry
weather flow. As would be expected, residential flows are highest in the morning and
experience another smaller late evening peak; while industrial and commercial flows
peak during the day.
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Table 4-3 provides system-wide estimates of peak dry weather flows for existing and
buildout conditions for the collection system analysis. These estimates are based on
the peak dry weather factors for the three land use types in Figure 4-3 times the
average dry weather flows for those land uses from Table 4-2.

The system-wide estimates in Table 4-3 are conservative and assume that all the peaks
happen simultaneously for all tributary subareas. However, the actual total peak dry
weather flow is not the sum of the individual peak flows for each land use, as the
peaks occur at different times during the diurnal cycle. The hydraulic model
calculates the total peak flow for each tributary subarea and for the system as a whole,
using the diurnal curves.

Table 4-3
Peak Dry Weather Flow Estimates for Collection System Analysis
Existing (mgd) Buildout (mgd)
Peak K
Land Use Category | Dry Weather A\(/(\e/ra%ﬁ Dry | pry A‘(;"/ra%ﬁ Dry F\;\c/ea tk?ry
Peaking Factor eather eather eather
g Flow Weather Flow Flow
Flow
Residential 1.6 2.42 3.87 2.59 4.14
Commercial &
Public/Institutional 14 0.53 0.73 0.59 0.83
Industrial 1.4 0.24 0.34 0.76 1.07
Total System 3.19® 4.94 3.94® 6.04

W' The total average dry weather flow in Table 4-2 is for the purpose of the collection system analysis in Section
6. Section 8 contains information on treatment plant flows; WWTP dry weather effluent (discharge) flow is
typically lower than influent flow by 0.6 to 1 mgd (1.2 mgd in 2010) due to plant processes/recycle flow.
Currently, WWTP dry weather effluent flow averages about 2 mgd; while influent flow, including plant process
recycle flows, averages about 3 mgd.

As part of the development of the dry weather diurnal curve patterns, the model has
been calibrated so that it accurately represents the flows and system hydraulics under
existing conditions. For model calibration, flows are simulated during the entire
diurnal flow cycle, including high and low daily flows. Therefore, it is important to
consider the shape of the diurnal flow pattern in addition to the peak and average
flows as determined from flow monitoring data. The dry weather diurnal flow
patterns for each land use type were developed from dry weather flow records at
Flow Meter Basins 1 through 7. The typical flow diurnal pattern was developed by
averaging all daily flow records during the monitoring period, which were not
influenced by rainfall.

Since much of the City is residential, several flow meter basins were predominately
residential (4, 5, 6, and 7), and used as the basis for developing the typical residential
diurnal pattern. For the commercial and industrial categories, the flow meter basins
had mixed uses. Therefore, a typical diurnal pattern was initially used and then
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adjusted as part of the model calibration, in order to match the metered flows for the
basins.

For the dry weather model calibration, the diurnal patterns by land use category
shown in Figure 4-3 were input to the model and used to calculate the diurnal flows
based on the sewered land uses, by multiplying the average dry weather flow by the
peaking factor for each time step. The model results were then compared with the
actual flow data records at the downstream meter location for each meter basin.

The calibration results indicate that the model and diurnal patterns accurately
represent the system. Table 4-4 summarizes the results of the dry weather model
calibration by meter location, in gallons per minute (gpm). As shown in Table 4-4, the
model results at 6 of the 7 meter locations are within 10 percent of the observed
metered flows. Typically, for model calibration, agreement of modeled to metered
flows within 20 percent is considered good. At one location (FM-5), modeled flows
were within about 30 percent of the observed metered flows; this location is
downstream of two upstream meters which were in good agreement. Appendix B-1
contains plots showing the results of the existing dry weather model calibration. The
Appendix B plots also show the modeled results at the downstream meter location
have very good agreement with the measured flow meter data.

Table 4-4
Summary Results of Dry Weather Model Calibration
Flow Meter Modeled Dry Metered Dry Percentage of
Location Weather Flow Weather Flow Modeled Flow to
(gpm) (gpm) Metered Flow
FM-1 504 500 101%
FM-2 63 60 105%
FM-3 96 108 89%
FM-4 208 209 100%
FM-5 657 500 131%
FM-6 157 146 108%
FM-7 129 130 99%

4.6 Wet Weather Flows

Wet weather flows are the sum of the following three components:

m BWF from customers. The BWF component is the same as for dry weather flows, as
discussed above.

m GWI during wet weather. During wet weather, it is anticipated that groundwater
levels will be at their highest, and that GWI will be a significant factor in
wastewater flows. More GWI enters sewers in the winter rainy season when soils
are saturated than in the summer dry season when soils are dry.
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m RDI/I. The RDI/I flow portion of the wastewater flow is generated by storm
events. When soils are saturated, which typically occurs later in the winter rainy
season, RDI/I becomes a significant component of the total peak flow.

The total peak wet weather design flow is the sum of the average dry weather base
flow, average groundwater infiltration, and the RDI/I from the design storm event.

When determining how to combine the wet weather RDI/I and dry weather base flow
hydrographs, the timing of the peak wet weather flow must be considered. In some
storms, the peak rainfall may coincide with the low diurnal flows in the day; in other
storms, the peak may coincide with the peak diurnal flows. Combining the peak wet
weather flows with the daily peak dry weather diurnal flows would result in overly
conservative peak flows. However, combining the peak wet weather flows and the
minimum diurnal flows may underestimate the combined flows. Therefore, for
determining the peak wet weather flows, the dry weather diurnal flows were
converted into a straight-line average daily flow hydrograph onto which the wet
weather flows from the 10-year, 30-hour design storm were added.

GWI quantities during wet weather vary by basin depending on the storm event, and
also on the individual basin characteristics for soil types and sewer pipe conditions.
Using the flow monitoring data, GWI flow rates for the wet weather analysis were
developed for each of the flow meter basins in Figure 4-2.

Table 4-5 shows the GWI unit flow rates by meter basin. The analysis assumed that
the minimum flows in each basin were comprised of a minimum base flow plus GWL
The minimum base flow was assumed to be 20 percent of the average flow, based on
typical values; and the remainder was assumed to be GWI. For analysis purposes, the
GWI unit rates are applied by the model to the sewered areas in each basin to estimate
the GWI flow contribution.

For the design peak RDI/I rates, a design storm with a 10-year return period is
recommended for analysis of the collection system, which is consistent with the
previous work in the 2000 study. The recommended duration of the 10-year design
event remains 30 hours, the same as recommended in the previous study.

The events producing the highest peak wet weather flows are consistently of long
durations. Even though there may be short breaks in rainfall over the total duration,
such short breaks tend not to have a significant effect on flow rates. The long duration
event is the most critical for evaluating potential sanitary sewer overflows in the
system. The previous design storm information from the 2000 study was reviewed
and updated based on the current Solano County hydrology manual (1999).

4-9
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Table 4-5
GWI Rates for Wet Weather Analysis
Wet Weather Existing Buildout
Flow Meter Basin GWI Rate Sewered Area | Estimated GWI Sewered Estimated GWI
(gpd/ac) (acres) Flow (mgd) Area (acres) Flow (mgd)

FM #1 200 1385 0.28 2000 0.40

FM #2 300 88 0.03 88 0.03

FM #3 500 133 0.07 133 0.07

FM #4 350 278 0.1 278 0.10

FM #5 200 816 0.16 863 0.17

FM #6 450 198 0.09 207 0.09

FM #7 @ 350 206 0.07 206 0.07

Remaining Area

Tributary to WWTP @ 500 941 0.47 1200 0.60
Total 1.11 1.37

W The areas of FM #6 and FM #7 are also included in the area of FM #5, as they are upstream of the FM #5 meter. These areas are

not double-counted in the total sewered system area or in the estimated GWI flows.

@ For the remaining area tributary to WWTP, the same factor is used as for FM #3 basin to be conservative, as the area is the older
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part of the City with similar land uses as the FM #3 basin.

Figure 4-4 illustrates the updated synthetic rainfall distribution for the design storm
event, which is the same “S” curve distribution as in the previous study. Based on the
current County manual, the City receives mean annual precipitation of 19 to 20 inches
per year (average of 19.5 inches per year). For mean annual rainfall of 19.5 inches per
year, the total rainfall for a 10-year, 30 hour event is 3.75 inches.

For a 10-year event, the peak 15-minute rainfall is 0.49 inches. The peak 15-minute
intensity is the same as the 2000 study, although the total storm rainfall has increased
from the 2000 study value of 3.4 inches (from the previous 1977 version of the Solano
County hydrology manual). The previous storm rainfall distribution, based on the
previous County hydrology manual, had two consecutive high peak periods; while
the current distribution using the current manual information has one sharp peak as
shown on Figure 4-4.

The estimated amount of RDI/I from storms of varying recurrence intervals is
determined based on the flow monitoring data for each meter basin. The flow
monitoring data analysis identifies the flow response by basin to the actual rainfall
events, and then a recommended flow response pattern is developed for each basin.
The dry weather and GWI components are separated from the RDI/I component in
developing the RDI/I flow response pattern by basin. The peaks and distribution of
rainfall can be correlated with the RDI/I flow rates measured in the collection system
through the SHAPE computer program. The parameters from the SHAPE program
are then applied to the 10-year design rainfall event, in order to derive the RDI/I
hydrographs. To determine the total wet weather flow hydrograph, the RDI/I flows
are added to the average dry weather flow and groundwater infiltration components.
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Table 4-6 summarizes the recommended “R”, “T”, and “K” parameters for the
metered basins on Figure 4-2 that are used to define the shape of the RDI/I
hydrograph and resulting RDI/I volume for each basin. The SHAPE program
calculates an RDI/I volume using the following three parameters: “R” which is the
ratio of the total RDI/I volume to the total rainfall volume; “T” which is the time it
takes for the hydrograph to peak; and K which is the recession constant for
characterizing the latter portion (falling portion) of the hydrograph. Figure 4-5
provides a generic illustration of the key parameters.
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Table 4-6
Proposed R, T, and K Values for Recommended Peak RDI/l Factors

Flow Meter Basin Rr R1 R2 R3 T1 T2 T3 K1 K2 K3
FM #1 2.70 0.60 0.60 1.50 2 3 4 2 4 6

FM #2 4.50 0.90 0.80 2.80 2 3 6 2 4 6

FM #3 4.55 1.00 1.30 2.25 2 4 6 2 3 4

FM #4 2.50 0.83 0.71 0.96 2 3 4 2 3 6

FM #5 3.85 0.65 0.75 2.45 3 4 5 2 4 6

FM #6 0.90 0.30 0.20 0.40 1 3 6 1 3 5

FM #7 3.43 0.15 0.44 2.80 2 5 8 1 2 4

Remaining Area

Tributary to WWTP 1) 4.55 1.00 1.30 2.25 2 4 6 2 3 4

[¢3)
part of the City with similar characteristics as the FM #3 basin.

R1 Triangle

R2 Triangle

ynthetic Hydrograph

R3 Triangle

.{

Appendix B-2 contains a detailed summary of the RDI/I parameters for each storm

Figure 4-5
RDI/I Hydrograph Components

event by basin during the recent flow monitoring. These individual storms were

analyzed in order to determine the proposed overall values to use for each basin in

Table 4-6.
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Appendix B-3 contains figures of RDI/I envelopes developed for each meter basin
using the storm data from Appendix B-2. These envelopes (depicted by solid lines on
the graphs) illustrate the relationship between soil moisture and RDI/I by basin, and
determine the R values for each basin shown in Table 4-6. For each meter basin, the
individual data for each storm event are analyzed to determine the overall basin
values shown in Table 4-6. The envelope establishes the probable range in which a
storm event may fall, depending on the relationship between the RDI/I volume and
rainfall volume, which is highly influenced by soil moisture. The selected values for
master planning purposes are determined from the maximum edge of the envelope.
Generally, early season storms have low RDI/I responses and late season storms, with
saturated soil conditions, have high RDI/I responses. For planning purposes,
saturated conditions provide a more conservative estimate of flows.

In the Appendix B-3 figures, the RDI/I volume and rainfall volume are plotted on
three separate graphs, each representing a different part of RT that was determined
while developing the synthetic hydrograph. The R1 value indicates how much of the
rainfall reaches the sewers quickly and contributes most to the peak flow. R1 and R2
are shown together since these two terms are generally responsible for 80 to 90
percent of the peak RDI/I flow. RT indicates the total volume of RDI/I, which
includes the long-duration, low peak R3 term. Storms plotting higher on the graphs
indicate that a greater fraction of the rainfall enters the collection system as RDI/I, i.e.,
those basins have a higher R value. The slope of a line passing through the origin and
a plotted point is equal to the R value for that storm.

In each of the three graphs in Appendix B-3, a proposed maximum R value, i.e., the
slope of the line, for RT, R1 and R1+2 is indicated. Depending on the basin, the
proposed maximum value is the actual measured maximum value. Where this is not
the case, such as with a data outlier/anomaly, the proposed maximum R value is
shown by a dotted line that best fits the two storm events with the highest R values.
The maximum R value for the R2 hydrograph subcomponent is determined by
subtracting R1 from R1+2. Similarly, the maximum R value for the R3 subcomponent
is determined by subtracting R1+2 from RT.

Table 4-7 summarizes the recommended peak RDI/I factors for the 10-year design
storm by basin. The peak RDI/I unit rates are specific to each basin, and are applied
to each basin by the computer model. The modeling accounts for attenuation of peak
flows within the collection system from routing and surcharged conditions, when
determining the total peak flow reaching the treatment plant.

Table 4-7 also shows the estimated peak RDI/I flow by basin; and a system-wide
estimate of the total peak RDI/I flow for the entire system. This system-wide estimate
of the total peak RDI/I flow does not account for the relative timing of peak flows
from each basin, and potential for surcharge and storage within the sewer system. The
model analysis discussed in Section 6 takes the relative timing and routing
considerations into account.
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Section 4
Collection System Flow Projections

City of Benicia

Wastewater System Master Plan

Table 4-7
System-Wide Estimates of Peak RDI/I Flows
Existing Buildout
] Peak RDI/I Sewered Estimated Sewered Estimated
Meter Basin | pote (gpad)® Area RDI/I Peak Area RDI/I Peak
(acres) Flow (mgd) (acres) Flow (mgd)
FM #1 1500 1385 2.08 2,000 3.00
FM #2 4700 88 0.41 88 0.41
FM #3 6700 133 0.89 133 0.89
FM #4 4400 278 1.22 278 1.22
FM #5 3400 816 2.77 863 2.93
FM #6 @ 2000 198 0.40 207 0.41
FM #7 @ 2300 206 0.47 206 0.47
Remaining
Area Tributary
to WWTP © 6700 941 6.30 1,200 8.04
Total @ 13.68 16.49

(6]

gpad = gallons per acre per day

@ The areas of FM #6 and FM #7 are also included in the area of FM #5, as they are upstream of the FM
#5 meter. These areas are not double-counted in the total sewered system area or in the total peak

RDI/I flows.

® For remaining area tributary to WWTP, the same factor is used as for FM#3 basin to be conservative,

as the area is the older part of the City with similar characteristics as in the FM #3 basin.



Section 5
Regulation Review

This section summarizes the review of upcoming regulations affecting the City’s
existing collection, treatment, and/or disposal facilities.

5.1 Approach for Regulation Review

EOA, Inc. conducted the regulation review described in this section, as a
subconsultant to CDM. The regulation review focused on the highest probability and
highest impact regulatory actions potentially affecting the City’s wastewater system,
which are anticipated to be from the RWQCB.

The approach to the regulation review included development of a screening-level
matrix identifying pertinent potential regulatory actions foreseen over the master plan
horizon, and prioritizing them with respect to potential impact. A draft matrix was
reviewed by City staff, and a meeting held with City staff to discuss the draft
findings. The draft matrix was revised to address City comments.

The matrix is presented in Section 5.2 below. Appendix C contains the regulatory
review meeting summary notes, which include some additional background
information to supplement the matrix.

5.2 Summary Matrix of Potential Regulatory Issues

Overall, the City’s wastewater system is in a good position with respect to regulatory
compliance. There are no new significant regulatory issues that the City is not already
aware of and addressing.

Table 5-1 provides a summary matrix of the potential regulatory issues and impacts
facing the City’s wastewater system. The items in the table are organized according to
the following major regulatory areas:
m Wastewater Treatment and Discharge Issues

— Effluent Limits and Total Maximum Daily Loads (TMDLs)

— Plant Operations

—  Recycled Water

— Biosolids

— Collection System

m Air Issues

5-1



Table 5-1

Potential Regulatory Issues and Impacts Affecting City of Benicia Wastewater System

(Prepared by EOA Inc.)

Estimated .
. Potential
Current Issue Description Planning Impact
Iltem ) : Future Issue Description Horizon ; Additional Comments
(if applicable) (Near/Mid/ (Low/Medium/
Long) High)
WASTEWATER TREATMENT & DISCHARGE ISSUES
Effluent Limits & Total Maximum Daily Loads (TMDLS)
Regulatory actions over the past several The trend will continue in the future, with each The costs for implementing all of the new requirements are in
years have increased the burden on Publicly TMDL or site specific objective creating new addition to the State Water Board’s annual NPDES permit
Owned Treatment Works (POTWSs) for monitoring and/or P2 requirements. fees and additional costs related to collection system. As a
General implementation of permit requirements (e.g., Near Medium result, the City’s overall cost to deliver wastewater service will
copper and cyanide action plans, mercury rise.
watershed permit dental program, pollution
prevention [P2] activities and annual reports,
priority pollutant monitoring, etc).
Some historic results have exceeded the The new limits and CN Action Plan will be Consistent compliance with the new effluent limit is likely if
current permit's new site-specific objective ongoing in all future permits. City conducts multiple sampling each month. The additional
Cyanide (CN) based cyanide limit of 17 micrograms per liter Near Low sample(s) can be collected on a “sample-and-hold” basis.
(ug/L) monthly average (but not the 47 pg/L
maximum daily limit).
The City is subject to the effluent mass and It is generally accepted that amalgam As part of its mercury source control program the City
concentration limits specified in the “Mercury separators are a necessary Best Management provided monetary incentives for the purchase of amalgam
Mercury Watershed Permit” (Order R2-2007-0077) and | Practice for effective control of mercury from Near Low separators by the 13 dentists in its service area.
is required to implement a mercury source dental offices.
control program.
Over enrichment with nutrients can cause The Environmental Protection Agency (EPA) Because of the many uncertainties in how limits would be
eutrophication with resulting aesthetic and low | is being encouraged by the Natural developed and implemented, it is not possible to assess future
dissolved oxygen impacts. This has not been | Resources Defense Council to revise the compliance using existing WWTP facilities. Given that
an issue for San Francisco (SF) Bay due to federal secondary treatment definition to existing facilities result in only minimal nutrient reduction, there
high turbidity levels (light limitation) and include nutrient limits. EPA is also strongly is a possibility that additional facilities (nitrification or
; grazing (clams). Ammonia is being encouraging States to adopt water quality VT Co nitrification/denitrification) would be needed. The City should
Nutrients investigated in Suisun Bay and the Delta as a | criteria for nutrients (nitrogen and Near-Mid Medium-High consider this issue in future WWTP planning.
source of ambient toxicity and adversely phosphorous). Numeric Nutrient Endpoints
impacting phytoplankton growth and are beginning to be developed for the State
threatened species (Delta smelt). including SF Bay. If adopted, such criteria
could ultimately result in new effluent limits for
nutrients.
Current permit limits (35 milligrams per liter There is a small risk that the dilution study will If elevated effluent ammonia concentrations persist, consider
monthly average) are based on estimated yield a lower dilution factor, and thus lower conducting an in-plant source identification and control study.
Ammonia dilution rate from outfall design calculations. effluent limits. An unattainable limit could Mid Medium With completion of a dilution study showing equivalent or

Permit requires new dilution study. Current
limit is attainable.

require construction of costly ammonia
removal (nitrification) facilities.

higher initial dilution, this issue would likely be resolved within
the current permit cycle.
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Table 5-1

Potential Regulatory Issues and Impacts Affecting City of Benicia Wastewater System

(Prepared by EOA Inc.)

Estimated .
. Potential
Current Issue Description Planning Impact
Iltem ) : Future Issue Description Horizon ; Additional Comments
(if applicable) . (Low/Medium/
(Near/Mid/ High)
Long) 9

Some historic results have exceeded the Exceedance of dioxin limits triggers a

current permit’s effluent limit for dioxin toxicity | compliance schedule that focuses initially on

equivalency concentrations (TEQS) source identification/source control activities.

(1.4*10°® pg/L monthly average, and 2.8 *10® | If these are not effective, additional actions

pg/L maximum daily). However, in March (e.g., improved treatment facilities, mass

2010, the RWQCB issued new standard offset program) are required.
Dioxins & Furans provisions and reporting requirements for Mid Low

NPDES permits ("Attachment G”) that revised

the TEQ calculation procedure to incorporate

bioaccumulation equivalency factors. This

change will result in lower TEQ values and will

likely result in consistent compliance in the

future.

RWQCB adopted the SF Bay polychlorinated | TMDL will identify POTW WLA and resulting POTWs are a minor contributor to this problem. Current

biphenyl (PCBs) TMDL in Feb 2008. POTW mass limits in NPDES permits. Uncertain how indication is that permit limits will be performance-based. City
PCB TMDL wasteload allocations (WLA) based on limited | compliance would be determined if new EPA Mid Low should not have difficulties meeting future PCB limits if

data from limited number of POTWs. TMDL Method 1668 approved measuring 209 compliance based on current EPA Method 608 (with high

remains to be approved by SWRCB, OAL, congeners. detection limits so many non-detect results).

and USEPA.

Permit contains relatively stringent effluent Effluent variability and analytical interferences The City should use the inductively coupled plasma mass

limits for selenium (3.9 pg/L monthly average, | could result in occasional exceedance of spectrometry (ICP-MS) reaction cell method to reduce
Selenium (Se) 8.7 pg/L maximum daily). RWQCB moving effluent limits. If a Se TMDL is adopted for the Mid Low analytical artifacts from matrix interference, and collect extra

slowly towards adopting a North Bay Se North Bay, there would likely be POTW WLA samples on a “sample-and-hold” basis. Main source of Se is

TMDL. and resulting effluent mass limits. refineries which would be the main focus of a Se TMDL.

Various studies have linked low levels of The presence of pharmaceuticals and other EPA’s immediate emphasis is on CECs in drinking water

endocrine disrupting chemicals and other CECs in water, wastewater, and biosolids has supplies. Very little monitoring data exists to assess

CECs with adverse reproductive impacts on generated considerable attention and calls for concentrations of CECs in POTW effluent or the effectiveness

fish and other aquatic species. The State regulation of these constituents. The Long of treatment processes in removing CECs. Effluent limits for
Contaminants of Emerging Water Board has convened a Blue Ribbon regulatory process will likely result in Medium-Hiah CECs could drive the need for construction of additional post-
Concern (CECs) Panel to provide advice on availability of CEC | establishment of monitoring requirements and (Mid for 9 secondary treatment processes (e.g. filtration, advanced

analytical techniques and which CECs should | possibly numeric criteria for at least some monitoring) oxidative processes). Any requirements for additional

be monitored for in wastewater effluents. Little | CECs, leading to possible future effluent treatment processes would presumably be accompanied by

is known of actual or potential impacts on SF | limits. an attainable (e.g., 10 yr) time schedule for implementation.

Bay.

The Stormwater Municipal Regional Permit Through the MRP and the Regional At this point, it does not seem likely that POTWs would be

(MRP), adopted in October 2009, calls for Monitoring Program there will be increased required to increase plant capacity to accommodate diverted

diverting certain pollutant streams from storm | monitoring of streams and stormwater runoff. flows. However, facing increasing stormwater management

sewers to the sanitary sewer. It also requires | If high pollutant loads (hot spots) are requirements, municipalities that operate both stormwater and
Stormwater Treatment a limited number of pilot studies of both “first identified, there can expect to be increased Long Low-Medium wastewater systems may conclude that diversion of certain

flush” and dry season storm drain diversions.
Although the City is not regulated under the
MRP, this permit sets the tone for likely future
City requirements.

pressure to capture and treat such flows and
identify and remediate the sources.

flows to the POTW may be a less costly compliance
alternative.
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Table 5-1

Potential Regulatory Issues and Impacts Affecting City of Benicia Wastewater System

(Prepared by EOA Inc.)

Estimated .
. Potential
Current Issue Description Planning Impact
Iltem ) : Future Issue Description Horizon ; Additional Comments
(if applicable) . (Low/Medium/
(Near/Mid/ High)
Long) 9
Plant Operations
The current permit allows blending when flows | The RWB will continue to pressure for The City’s past capital expenditures to reduce blending will
exceed 18 mgd during a 20-yr (or greater) reductions in blending frequency/duration, carry less weight over time, as each NFAA must provide
storm event. The permit's Monitoring and with the ultimate goal of eliminating the justification based on the current conditions. Consistent with
Reporting Program contains sampling practice. As part of each permit renewal, the its Sewer System Management Plan, the City should continue
Blending requirements that apply during blending. The City will need to justify continued use of Mid Medium efforts to reduce I/l and ensure compliance with the current
need for blending has been minimal to non- blending through a “No Feasible Alternatives permit requirement. The NPDES permit renewal process will
existent since late 2005. Analysis” (NFAA) in accordance with 40 CFR need to address the blending issue.
122.41(m)(4).
Recycled Water
Various water use efficiency regulatory efforts | The State Water Board Recycled Water Policy In addition to creating a “new” drought-resistant water source,
aimed at reducing exports from and reliance includes a mandate for increased use of recycled water can be part of a discharge mass reduction
on the Delta as a source of supply are recycled water. Though not intended to serve strategy for TMDL compliance or mass offsets.
Regulatory Mandates for focusing more on water recycling. as f[h.e basis for mandatory r.equirements on ) .
Recycled Water Production individual agencies, there will nonetheless be Mid Medium To maximize reuse options, any recycled water facility should
ongoing pressure on water and wastewater be designed to produce “disinfected tertiary” quality water.
agencies to expand the production and use of Specific applications may require additional treatment (e.g.,
recycled water. nitrification for recycled water use in cooling towers).
Biosolids
The WWTP produces Class B, PC Biosolids | There is pressure on EPA to re-assess health Production of Class A (virtually pathogen free) biosolids would
(no restrictions based on pollutant risks related to pathogens and chemicals in expand the City’s disposal/reuse options and be viewed as
concentrations) biosolids (e.g. National Academy of Sciences more “sustainable”, but would require an additional treatment
Quality study, various lawsuits), particularly for Mid-Long Medium process. (Treatmentto Class A standards would not be
biosolids used for land application. The results necessary for a biosolids-to-energy alternative).
of such re-assessment could impact land
application options. (See note 1)
City currently disposes of biosolids at local A number of California counties have banned Reliance on a single disposal option is risky so it would be
(Hay Road) landfill in Solano County. or put restrictions on land application of prudent planning to develop multiple disposal/reuse options.
biosolids. Landfill disposal remains a viable One option would be to participate in the Bay Area Regional
alternative for the near-to-mid term; however, Biosolids Project, which seeks to establish regional options,
Disposal because the biosolids capacity of local Long Medium including a biosolids-to-energy facility.

landfills is limited, costs will increase as
alternative disposal methods are constrained.
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Table 5-1

Potential Regulatory Issues and Impacts Affecting City of Benicia Wastewater System

(Prepared by EOA Inc.)

Estimated .
. Potential
Current Issue Description Planning Impact
Iltem ) : Future Issue Description Horizon ; Additional Comments
(if applicable) . (Low/Medium/
(Near/Mid/ High)
Long) 9
Collection System
Sewer agencies no longer operate under the regulatory radar. Regulatory mandates for SSMP
- development and implementation, reporting, record-keeping, and requirements for aggressive ) :
Collection System General capital and O&M programs to address deficiencies, replace infrastructure, and minimize SSOs Near-Long High
will increase the City’s costs for providing wastewater services.
The State and Regional Board have required | The RWQCB will step up enforcement Discharge of partially or fully treated wastewater at a non-
sewer agencies to develop SSMPs, and actions, targeting sewer agencies with high permitted location is considered a reportable WWTP spill and
recent events have focused considerable numbers of SSOs or those identified as poor is subject to 2-hour reporting requirements.
attention on SSOs and WWTP spills. A performers based on other criteria. The
Sanitary Sewer Overflows and number of Bay Area sewer agencies have number of third party lawsuits will increase. N Medi
Treatment Plant Spills received stiff (>$100,000) fines for SSOs and | There is a possibility of mandatory minimum ear edium
spills. SSO locations and reports are State penalties for SSOs (would actually provide
Water Board available to the public on-line via | some protection against third-party lawsuits).
a State Water Board web site.
Private sewer laterals are often a significant In 2009, a California Association of Sanitation City may be required to implement legislation through local
source of I/l to the collection system. The Agencies (CASA) task force prepared draft ordinance, and would bear the costs of implementation as well
regulatory community views I/l as a major legislation that would address problems as the benefits of reduced I/I.
cause of sanitary sewer overflows. associated with private sewer laterals at the
Requirements for SSMPs place great State level. However, the majority of CASA
Private Sewer Lateral Legislation | emphasis on reducing I/l and eliminating agencies do not support pursuing such Mid-Long Medium
capacity-related SSOs. legislation at the present time. CASA will
make available model language from various
member agencies that have developed local
ordinances and programs to address this
issue.
AIR ISSUES
Requires emission controls on 2006 and Should check that selected control technology also meets
P earlier (engine year) diesel vehicles, phased 2009 nitrogen dioxide limits.
California Air Resources Board in over a 4-year period (2007-2011). Limited Near Low

Fleet Rule for Public Agencies

exemptions apply.
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Table 5-1

Potential Regulatory Issues and Impacts Affecting City of Benicia Wastewater System

(Prepared by EOA Inc.)

Estimated .
. Potential
Current Issue Description Planning Impact
Iltem ) : Future Issue Description Horizon ; Additional Comments
(if applicable) . (Low/Medium/
(Near/Mid/ High)
Long) 9
Amendments were adopted in July 2008 Processes which thermally treat biosolids The WWTP’s boilers are rated at 1.15 million BTU/hr (S#9)
lowering nitrogen oxide (NOX) thresholds for (e.g. to produce a Class A product) would and 1.575 million BTU/hr (S#15). These ratings exceed the 1
gas fired boilers from 10 million BTU/hr to 2 likely fall under this and other BAAQMD million BTU/hr threshold for complete exemption from Rule 7.
_ ) million BTU/hr. Because the WWTP’s boilers regulations. The exemption threshold for digester gas fired boilers is lower
Bay Area Air Quality Management | 5re phelow this threshold, the new NOx limits than that for boilers fired by natural gas or LPG only. (See
E)'S;:féégxﬁgg) rule applicable | 45 not apply. However, other portions of the BAAQMD staff recently indicated that Near Low Regulation 9-7-110). The applicable requirements are listed in
X new rule related to boiler insulation, stack gas | requlation 9 Rule 7 is scheduled for minor the second column.
(Regulation 9 Rule 7) temperature, and tune-up requirements apply guiatiol
’ ' revisions in 2011 that may ease the new
(regulations 9-7-3;1, 312, and 313) unless requirements for small boilers.
exempt on the basis of low fuel usage (9-7-
112).
AB32 currently does not specifically target It is possible that the wastewater industry may POTW emissions of methane (CH,4) and NOXx will be reported
water or wastewater treatment plants. be included in the second tier of targeted under the voluntary Local Government Operations Protocol
However, mandatory greenhouse gas (GHG) | industries. In any event, there will be (adopted by CARB on Sept 25, 2008). Under the current
reporting applies to stationary combustion increased scrutiny of the GHG “footprint” of protocol, POTW emissions of CO, are considered biogenic
Assembly Bill (AB)32 (California | sources (for facilities > 25,000 metric tons any new process, and offsets or mitigation and are not reported except as noted at left. Use of currently
Global Warming Solutions Act of | CO,/year) and cogeneration (for nameplate may be necessary for any future processes Mid-Long Medium unused digester gas for cogeneration could potentially
2006) capacity > 1 MW and > 2,500 metric tons that increase GHGs generate GHG credits under a cap-and-trade program.
CO.lyr). Biogas is not exempt. CARB is
proposing to lower the threshold for stationary
sources (to 10,0000 metric tons), but to
eliminate the cogeneration thresholds.
The City is unlikely to exceed thresholds for Exceedence of thresholds would trigger the requirement for a
classification as a major facility under any Title V (Major Facility) permit. This will typically involve
. . . . , likely expansion scenario. increased monitoring and record-keeping, and possibly the
Title V Major Facility Permit Not Applicable Long Low need for emission controls on the unit(s) that trigger the
exceedence,
Best Available Control Technology must be In addition, Regulation 2-2-302 specifies offset requirements
applied to new sources or modification of applicable to larger sources of POCs and NOx, but the City is
BAAQMD New Source existing sources with potential to emit more unlikely to exceed the thresholds under any likely expansion
Requirements Not Applicable than 10 Ib/day precursor organic compounds Long Low scenario.

(Regulation 2-2-301)

(POC), non-precursor organic compounds
(NPOC), NOX, sulfur dioxide (SO,),particulate
matter ( PMyo ) or carbon monoxide (CO).

1. EPA has initiated the process for pathogens by releasing the document “Problem Formulation for Human Health Risk Assessments of Pathogens in Land-Applied Biosolids” for external review. The final document will provide the roadmap for a subsequent effort
to develop risk-based standards. Such standards will not necessarily be more stringent than the current technology-based pathogen standards. EOA is not aware of any other standard setting efforts currently in progress.

Note: Order of table entries sorted by Estimated Planning Horizon. Near/Mid/Long-Term assumes 1-5 years, 6-10 years, over 10 years.
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For each item in the table, the following information is provided:

m Current Issue Description (if applicable)

Future Issue Description

Estimated Planning Horizon (Near-Term within 1 to 5 years; Mid-Term in 6 to 10
years; and Long-Term over 10 years)

Potential Impact (Low, Medium, High)

Additional Comments

Under each regulatory area, the table items are sorted by planning horizon, from
near-term to long-term.
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Section 6
Collection System Analysis

This section summarizes the methodology and results of the collection system
analysis to identify capacity deficiencies, and the evaluation of alternative
improvements to correct identified deficiencies.

6.1 Analysis Approach

The collection system analysis evaluated the capacity of the modeled gravity sewers,
lift stations and force mains. The hydraulic model described in Section 3 was used to
perform the analysis. Figure 3-1 shows the modeled existing collection system with
pipes color-coded by diameter. Section 3 provides a description of the existing
wastewater system.

Section 4 describes the wastewater flow projections used for the analysis. The
modeled existing collection system was analyzed under existing and buildout flows
based on the land uses in Section 2. The following peak flow scenarios were
evaluated in the model analysis:

m Peak dry weather flows were calculated using land use-based unit flow per acre
factors and diurnal curves developed by land use type from the dry weather flow
monitoring data. These unit flow factors were applied to the acreages of the
contributing sewered land uses within each tributary area to estimate the existing
and future average dry weather flows. Peak dry weather flows were computed by
applying the corresponding diurnal curve to the average flows of each land use
type and then loading the total flow to the modeled sewers.

m Peak wet weather flows were calculated as the sum of the average dry weather base
flow, average groundwater infiltration, and the peak RDI/I for the selected design
storm. The RDI/I component was computed for each tributary area by applying the
corresponding unit hydrograph parameters that were developed from flow meter
data. The unit hydrograph parameters were applied to the selected 10-year, 30-hour
design storm to determine the RDI/I flow component. The total flow was then
loaded to the modeled sewers.

After completing the model calibration for existing conditions, a hydraulic capacity
evaluation of the modeled collection system was performed for peak dry and peak
wet weather flows. The model results for the existing and buildout dry peak and wet
peak simulations were compared to the evaluation criteria. Locations that did not
meet the criteria were identified as capacity deficient locations.

The deficient locations were then subjected to a detailed analysis to determine the
need for improvements. Not all existing pipes not meeting the criteria (i.e., identified
as deficient locations) require improvement. The ultimate need for a system
improvement is dictated by the level of surcharge (i.e., hydraulic gradeline above the
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pipe crown indicating greater than full pipe flow), the possibility of diverting flow
upstream to a different existing pipe, existing pipe characteristics such as slope and
diameter, and whether the deficient pipe segment is impacted by backwater that will
be eliminated by a downstream improvement. Section 6.3 provides a detailed
discussion of the capacity analysis and evaluation of improvements.

The City is currently close to buildout. The hydraulic analysis showed that the model
results for existing and buildout conditions are similar for most of the City, with the
exception of the Benicia Business Park, which is the largest future anticipated
development in the City. From the hydraulic standpoint, simulation results for the
existing and buildout scenarios are similar enough to not warrant separate discussion.
Therefore, only the results from the buildout scenario are presented in this section.

6.2 Evaluation Criteria

The City’s current Engineering Standards (1992) specify that pipe capacity be
computed using a Manning's friction factor “n” of 0.013 or the manufacturer’s
recommendation, whichever is greater, for pipes flowing full. For the master plan
hydraulic analysis, evaluation criteria were established to define the method by which
gravity sewers, force mains, and pump stations were evaluated for capacity
deficiencies using the hydraulic model, as discussed below.

6.2.1 Gravity Sewers
Manning’s Friction Factor

For the system analysis, a Manning’s friction factor “n” of 0.013 was used for all
gravity sewers, which is typical of vitrified clay pipe. This design value is widely
accepted in the industry and is a reasonably conservative value for planning
purposes. Although plastic pipes may have lower values, there is typically buildup in
the pipe over time that increases the value.

Pipe Capacity and Allowable Surcharge

The hydraulic evaluation considered both full pipe flow, as well as potential for
surcharging in the existing system. New pipe improvements, when required, must be
designed to convey the required flows without surcharging.

For the master plan analysis, an existing pipe is considered deficient if it has both:

1) A surcharge level less than four feet below the ground surface/manhole rim
(i.e., the hydraulic gradeline or water surface elevation is within four feet or
less of the ground surface/ manhole rim elevation); and

2) A hydraulic grade line slope steeper than the pipe invert slope indicating a
capacity deficiency.

Each pipe has a theoretical design capacity when the pipe is flowing full, designated
as the full flow, QF. The actual flow occurring in the pipe is termed QA. The ratio of
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actual flow to full pipe flow (QA/QF) was used to identify system deficiencies
together with an examination of the water surface profiles for wet weather flow. If
QA/QF > 1.0, the pipe is surcharged, i.e., flowing at greater than full pipe flow.
Surcharged pipes were then examined in profile view within the model. This view
allows the maximum (highest) water surface profile to be seen and the degree of
surcharging to be examined.

Surcharging occurs when the hydraulic gradeline is above the crown of the pipe (i.e.,
when the pipe is flowing at greater than full pipe flow). It is an indicator of existing
pipes at risk of causing overflows because of insufficient hydraulic capacity. Some
cities permit extreme surcharging so long as overflows do not occur, while other cities
do not permit any surcharging. For this analysis, existing pipes were considered
deficient under wet weather flow conditions if surcharge levels are less than 4 feet
below the ground surface. This criterion is based on CDM’s experience with other
similar master plans in utilizing storage (surcharge) within the existing sewer system
at a level that balances the potential risk of overflow with the costs of improvements
to existing pipelines.

Some existing shallow pipelines do not meet the criterion of having the hydraulic
gradeline greater than 4 feet below ground surface, although the pipe has adequate
capacity to convey the peak design flow. Such locations are not identified as
deficiencies.

Criteria for Sizing New Pipe Improvements

If improvements to existing pipes are determined to be needed due to an
unacceptable level of surcharging or to accommodate future development, new
sewers should be designed with no surcharging. For new pipe improvements, pipe
flow should not exceed 75 percent of the pipe hydraulic capacity for pipes 12-inch
diameter or less. Sewers larger than 12-inch diameter should be designed to flow at
full capacity without surcharging. These master plan criteria for sizing new pipe
improvements are the same as those used for the 2006 Benicia Business Park Sewer
Collection System Analysis, which were 75 percent full if 12-inch or less diameter and
100 percent full for greater than 12-inch diameter.

6.2.2 Force Mains

If the velocity in a modeled force main exceeded a maximum of 10 feet per second
(fps) under peak wet weather conditions that reach was considered deficient. The
evaluation in Section 6.3 also considers the condition of existing force mains in
applying the velocity criterion, e.g., an old force main in poor condition may warrant
a lower maximum velocity.

The velocity criterion is considered an approximate indicator of the hydraulic capacity
of the force main. High velocities correspond to high head loss in the force main and
insufficient capacity. Over time, velocities in excess of 10 feet per second (fps) can
scour the force main interior, causing premature structural failure. A maximum
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velocity of 10 fps is also recommended by the American Water Works Association to
minimize potential issues with transient flow under pressurized conditions.

When designing new pipe improvements, velocities of 5 to 7 fps should be considered
to reduce headlosses and lower energy pumping costs.

6.2.3 Lift Stations

Lift stations (LS) need firm capacity that matches or exceeds the peak wet weather
flows for existing and future conditions. The firm capacity was based on the largest
pump being out of service.

6.3 Alternative Improvement Types for Capacity
Deficiencies

Several types of alternatives were considered to correct the capacity deficiencies
identified in Sections 6.4 and 6.5, including;:

m Increasing conveyance capacity of existing facilities to convey the peak design
flows

— Replacement or parallel (relief) pipelines;
— System pressurization of pipelines;
— Lift station upgrades.
m Diverting flows from a deficient facility to a nearby facility with available capacity;

m Providing equalization storage to store flows temporarily to reduce downstream
peak flows.

6.3.1 Increased Conveyance Capacity

With this alternative, improvements are sized to convey the buildout peak wet
weather flows. This type of improvement removes existing bottlenecks in the system,
and allows higher peak flows to reach downstream facilities. For the Task 4.3 analysis
of deficiencies, all flows were assumed to be conveyed downstream to the treatment
plant. This approach provides a conservative estimate for capacity improvement
sizing.

Replacement and Relief (Parallel) Pipelines

Increased pipeline capacity can be provided by either replacement or relief pipelines.
Cost estimates are typically based on replacement sewers to provide flexibility in
implementation of improvement projects. When projects are implemented, more
detailed alignment and predesign investigations should be conducted to determine
the specific features of each project on a case-by-case basis to select the appropriate
approach, prior to final design and preparation of construction documents.
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m Relief (parallel) pipelines may be constructed parallel to an existing pipeline, or
along an alternate route designed to bypass areas which are hydraulically limited,
or to divert flows to another branch of the collection system. Relief pipelines may
be designed as on-line or off-line systems. Relief pipelines increase maintenance
flexibility by allowing one line to be removed from service without bypass

pumping.

—  On-line relief pipelines convey flows in parallel pipes, either in the same street
alignment or an alternate alignment.

—  Off-line relief pipelines provide temporary storage during peak flows, with
the stored flow re-entering the system after the peak has passed. Off-line relief
pipelines can be controlled hydraulically via a fixed weir or junction box, or
mechanically using a power-operated gate, valve, or other control device.

m Replacement pipelines are advantageous if the existing pipeline is in poor
condition, or if right-of-way and construction easement limitations preclude cost-
effective relief (parallel) construction. Replacement material costs are somewhat
higher than relief costs, since the replacement pipelines need to be sized larger to
offer equivalent capacity as parallel pipelines (existing and relief). Typically, the
marginal cost increase is not significant if the increase in diameter between a relief
and replacement diameter is only one or two standard diameters. During
construction of replacement pipelines, sewer flow must be maintained, requiring
special construction procedures, such as bypass pumping, which can increase costs.

Surcharge (sewer pressurization)

Allowing pipelines to surcharge pressurizes the system, thereby increasing the
hydraulic gradeline above the pipe crown. This provides in-line storage and conveys
higher flows in existing pipelines.

The capacity analysis evaluated deficiencies based on an allowable surcharge level
(hydraulic gradeline) that was kept at 4 feet or greater below the manhole rim
elevations for the buildout peak wet weather design flows. This surcharge level was
considered acceptable to avoid localized overflows or backups into structures; while
increasing the hydraulic conveyance capacity and in-line storage. The hydraulic
evaluation also considered whether backwater due to surcharge would reduce
upstream carrying capacity to an unacceptable level. On a case-by-case basis, based
on City staff knowledge, there may be localized areas that are not suitable for
surcharged conditions.

Lift Station Upgrades

Capacity upgrades to existing pump stations or construction of new pump stations
may be required to convey peak wet weather flows and prevent overflows upstream
of the pump station. Lift station improvements could be accomplished in several
ways:
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m Replacing existing pump(s) with larger pumps if the pump station
piping/equipment and building are adequately sized.

m Adding an additional pump at the existing pump station building, if site
investigation determines there is adequate space.

m Building a parallel (relief) facility to the existing facility if there is not adequate
space at the existing facility; or

m Replacing an existing facility with a larger capacity station if the existing facility is
in poor condition or there are significant changes in operating characteristics.

In addition to increasing the capacity of the lift station, it may also be necessary to
increase the total dynamic head (TDH) of the pump station. If the TDH changes, it
will have greater impact on the upgrades needed for existing facilities.

Upgrades to lift stations must also consider the impacts on downstream force mains
and lift stations. Force main improvements may be required due to higher flows
and/or discharge heads, which may be accomplished with either replacement or
parallel (relief) mains. Downstream lift stations may require upgrades if there are
TDH changes that would affect existing pumps. A traditional approach would be to
parallel the existing force main with a new force main and either retain or abandon
the existing force main, depending on its condition. In some cases, the existing force
main may be able to convey increased flow by using pumps with higher discharge
heads to overcome the greater friction losses generated by the increased velocities. If
the force main receives flow from other pump stations, the impacts of increased
system heads on the pumping capacity of the other stations must also be weighed.

The recommended lift station upgrades will require site-specific evaluations during
predesign and design to determine specific improvements.

6.3.2 Diversions

In some cases, it may be possible to correct a capacity deficiency by diverting flows to
a nearby sewer/facility that has available capacity. The locations must be evaluated to
identify whether there is a nearby sewer/facility with available capacity and at the
right elevation to receive diverted flows. If enough flow can be diverted, it may be
possible to eliminate the need for improvements. Another use for diversions is to
consolidate improvements at one location, e.g., if there are two pipes in close
proximity that both require improvement, it may be possible to divert flows from one
pipe to the other thereby eliminating the need for improvements at both locations to
minimize construction disruption and reduce costs.

6.3.3 Equalization Storage

Equalization storage may be used to store flows temporarily in order to reduce
downstream peak flows and hydraulic gradeline levels, and thereby reducing the
required size of downstream pipelines and other facilities. Flow equalization facilities
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can be constructed within the sewer system, at lift stations, and at treatment plants.
Flows that exceed the capacity of the downstream facilities are diverted to the storage
facility, and then released when capacity becomes available in the system.

Storage is most effective when located immediately upstream from the portion of the
system with insufficient capacity. Controlling flows using facilities located far
upstream from the flow constraints is typically less effective due to time lags and the
inflows that enter the system between the facility and the flow constraints.

Potential issues with this alternative include higher operation and maintenance
requirements than pipeline facilities, land requirements for a storage tank, odor
control, and public acceptance.

This alternative was considered as a potential option for the capacity deficiency
locations; however, it was not applicable for any of the locations.

6.4 Gravity Sewer Capacity Evaluations

This section provides an initial overview of the capacity deficiency locations identified
in the gravity sewer analysis, and then discusses each capacity deficiency location in
detail with respect to the need for improvements. The improvements are to correct
capacity deficiencies, not rehabilitation of existing pipelines due to condition, age or
other factors. Section 6.7 discusses sewer rehabilitation considerations.

6.4.1 Gravity Sewer Capacity Analysis

The results summarized in this section show all the gravity sewer deficiency locations,
i.e., locations where existing gravity sewers could not convey the peak design flows
according to the criteria established in Section 6.2. More detailed analysis was then
conducted to determine if improvements were required for the individual deficiency
locations, and to evaluate alternative improvements if appropriate.

The key criterion established for identifying capacity deficiencies of existing pipes is
where the surcharge level (hydraulic gradeline) comes within 4 feet of the ground
surface for buildout peak flows and may potentially cause overflows. Shallow pipes
(i.e., that may be within 4 feet of ground surface) but have adequate capacity and no
surcharging are not identified as deficiencies.

Figures 6-1 and 6-2 graphically present the results of the gravity sewer analysis for
buildout peak dry weather and buildout peak wet weather flows, respectively. Pipes
color-coded in green show those gravity segments that meet the evaluation criteria
and those segments color-coded in red that do not meet the criteria.

Hydraulic gradeline profiles for each gravity pipe segment not meeting the evaluation
criteria are provided in Appendix D. The profile (P) number corresponding to each
segment is identified on the figures.
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Key findings from the capacity analysis are summarized below:

m Figure 6-1 shows the results of the buildout peak dry weather analysis. Under
buildout peak dry weather flows, only one 2,160-foot pipe segment, Profile P-1
West Fork, exceeded the surcharge criterion. This segment is more deficient under
the higher peak wet weather flows.

m Figure 6-2 shows the results of the buildout peak wet weather analysis. Under
buildout peak wet weather flows, seven pipe segments exceeded the surcharge
criterion. These locations are Profiles P-2 through P-8. The P-2 West Fork location
includes the P-1 West Fork segment that is deficient under peak dry weather flows.
P-2 is a longer deficiency length since the peak wet weather flows are higher than
dry weather flows.

The deficiencies shown in Figures 6-1 and 6-2 include all reaches of existing pipes that
do not meet the surcharge criterion. These capacity deficiencies may be caused by
either inadequate capacity of a particular segment to convey the required flow which
will require improvement; or by backwater effects from downstream pipe segments
which may be eliminated by downstream improvements. Backwater locations are
affected by downstream flow restrictions, such as the inadequate capacity of
downstream pipes. However, if downstream improvements are made, then the
backwater-affected segments will meet the criteria with no improvement needed.

Each deficient reach was subsequently evaluated in more detail to determine the
required extent of improvements, as discussed below in Section 6.4.2.

6.4.2 Evaluation of Gravity Sewer Capacity Improvements

The seven deficient locations, P-2 through P-8 on Figure 6-3, were analyzed in more
detail to determine if improvements were required, as described in this section. The
improvement evaluations are based on buildout peak wet weather flows. Hydraulic
gradeline profiles (P) for the locations are in Appendix D.

For some deficiency locations, there is uncertainty associated with the modeled
elevations due to the available data, as noted in the descriptions below. Modeled pipe
invert elevations were calculated based on field measurements of selected manholes,
not actual surveying. The slope was assumed constant between these manholes. The
depth of selected manholes (not all manholes along the pipe segment) was field
measured down from the ground surface. The ground surface elevations were
estimated from Digital Elevation Models (DEM) based on U.S. Geological Survey
(USGS) elevation data. At these deficiency locations (noted in descriptions below), it is
recommended that the City collect actual survey data and confirm the hydraulic
analysis results before implementing any improvements identified for the location.
The detailed investigations would be done subsequent to the master plan, e.g., as part
of pre-design/design of the recommended improvements.
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P-2 West Fork and P-4 East Channel Road

These locations are discussed together, as one alternative involves both locations. The
following two alternatives are discussed:

m Alternative 1 - Increased Conveyance Capacity for Each Segment; or
m Alternative 2 - Flow Diversion from West Fork to East Channel Road.

Alternative 1: Increased Conveyance Capacity for Each Segment
With this alternative, each segment is improved to convey the buildout peak wet
weather design flows.

West Fork (P-2)

The lower portion of the West Fork sewer branch exceeded the capacity criterion
under both peak dry and peak wet buildout conditions, with the hydraulic gradeline
coming within 4 feet or less of the ground surface in some segments. A 2,160-foot
segment was deficient under peak dry conditions; while 4,300 feet was deficient
under peak wet weather conditions (including the 2,160 feet deficient under peak dry
flows). The hydraulic gradeline profiles for the pipe segments are in Appendix D,
Profile P-1 for peak dry weather flows and Profile P-2 for peak wet weather flows.

The West Fork sewer segments will serve the future Benicia Business Park and were
identified as deficient in the 2006 Benicia Business Park Sewer Collection System
Analysis (Brown and Caldwell), as well as in this analysis. These segments are 8
inches in diameter and convey flows to Park Industrial Lift Station (PILS) at a
relatively flatter slope compared to the upstream and downstream pipes. The
hydraulic analysis of the pipe segments indicated surcharge levels are reaching
ground surface at some manhole locations.

Since the pipes in this reach are at shallow depth and located in a fully developed
industrial area, surcharge (sewer pressurization) and equalization storage are not
viable options. The existing sewers are at a relatively shallow depth; therefore,
surcharge (sewer pressurization) cannot provide significant capacity without
exceeding the criterion of keeping the hydraulic gradeline at least 4 feet or more
below the ground surface. Equalization storage is not considered feasible due to lack
of available space in an area that is fully developed, higher operation and
maintenance requirements, and potential issues such as odor control.

It is recommended that the entire 4,300-foot segment of 8-inch pipe be replaced with
18-inch pipe to accommodate the Benicia Business Park. This is consistent with the
recommendation in the 2006 Benicia Business Park Sewer Collection System Analysis.
Paralleling the existing pipe would require 12-inch to 15-inch pipe diameter.
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East Channel Road (P-4)

A 5,000-foot long, 12-inch diameter pipe segment that conveys flow to the Park
Industrial Lift Station is surcharging for buildout peak wet weather flows, with
surcharge levels reaching the ground surface. The hydraulic gradeline profile for the
segment is in Appendix D, Profile P-4.

Since the pipes in this reach are at shallow depth and located in a developed
industrial area, surcharge (sewer pressurization) and equalization storage are not
viable alternatives.

It is recommended that the existing 5,000 foot-long, 12-inch diameter pipe be replaced
with 15-inch pipe (2,900 feet) at the upstream end and 18-inch pipe (2,100 feet) at the
downstream end. It would also be possible to parallel the existing pipe with 10-inch to
15-inch pipe. There is a modeled inflow from a sewershed about midway along the
segment, which requires the diameter increase.

There are uncertainties regarding the elevation data for this segment, as it was based
on limited available data and selected field measurements. It is recommended that the
City collect actual survey data and confirm the hydraulic analysis results before
implementing improvements identified for the location.

It should be noted that the 2006 Benicia Business Park Sewer Collection System
Analysis did not explicitly analyze the Channel Road sewer, as it does not convey
flows from the Benicia Business Park; flows from the Channel Road sewer subarea
were loaded directly to the Park Industrial Lift Station. Only the West Fork and East
Fork sewers convey flows from the Benicia Business Park area to the Park Road Lift
Station and downstream force mains; and therefore were specifically analyzed in the
2006 Benicia Business Park study. In addition, the 2006 Benicia Business Park study
area did not include all the tributary residential area that is now contributing to the
Channel Road sewer based on the City’s current utility mapping and land use
information; which would impact the total flows that must be conveyed by the lift
station and downstream force mains. When the Benicia Business Park project moves
forward again, the City should request that the developer update the 2006 study
findings regarding required improvements for the new development to reflect this
information.

Alternative 2: Flow Diversion from West Fork to East Channel Road

The West Fork and East Channel Road sewer lines are essentially parallel and
therefore the possibility of flow diversions was considered. Elevations in West Fork
are higher than in East Channel Road, making it hydraulically possible to divert flow
from the West Fork pipeline into the East Channel Road line. The purpose of this
alternative is to divert enough flow to eliminate the West Fork improvements and
consolidate all needed improvements in East Channel Road. The Alternative 2
improvements to P-4 East Channel Road would be instead of the separate
improvements discussed for Alternative 1 above. This alternative would consolidate
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the P-2 West Fork improvements needed for service to the future Benicia Business
Park, with the P-4 East Channel Road improvements. The City would need to
negotiate a cost-sharing agreement with the Benicia Business Park developer for
reimbursement of the developer’s portion of the total cost of the improvements.

A sewer diversion was evaluated at two different locations between the West Fork
existing pipeline and the East Channel Road existing pipeline: 1) at East 2nd Street,
and 2) at Industrial Court, which extends halfway between the two pipelines, starting
at Industrial Way and ending in an industrial area; part of this second diversion
location would require an easement through private property, e.g., industrial parking
area. Each of these connections was modeled separately (only one connection at a
time) and results indicated that the need for West Fork improvements was not
eliminated. The diversion analysis was based on the existing pipelines (without any
improvements from Alternative 1).

Both connections would be required to divert enough flow to eliminate the need for
improvements to the West Fork segment. With both connections made to divert flow
from West Fork, an 18-inch (2,900 feet) to 24-inch (2,100 feet) replacement sewer
would be required in East Channel Road. It would also be possible to parallel the
existing pipe with 15-inch pipe (2,900 feet) to 21-inch pipe (2,100 feet). There is a
modeled inflow from a sewershed about midway along the segment, which requires
the diameter increase. A drawback of this alternative is that one diversion location
(Industrial Court) would require an easement through private property, as the public
right-of-way does not extend all the way between the two pipeline locations.

For the master plan, it will be assumed that Alternative 1 will be implemented for
budgeting purposes. During predesign/design of the improvements for these
locations, this diversion alternative could be investigated in more detail if warranted.

P-3: East Fork

The East Fork pipe segment is a very short 33-foot segment upstream of the Park
Industrial LS that is surcharging entirely as a result of backwater from downstream
surcharging. Model simulations indicate that downstream improvements at the Park
Industrial Lift Station and in the common segment with the West Fork pipe segment
will remove backwater surcharging effects from the East Fork pipe segment.
Therefore, no improvements are needed for the East Fork pipe segment. The
hydraulic gradeline profile for the segment is in Appendix D, Profile P-3.

P-5: I-780 Crossing at West 7th Street

The 400-foot long, 8-inch sewer segment underneath I-780 on West 7th Street has one
manhole where surcharge, as predicted by the model for the buildout peak wet
weather scenario, just reaches the ground surface. The hydraulic gradeline profile for
the segment is in Appendix D, Profile P-5.
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Two options can be considered to correct the deficiency at this location:

1) The manhole cover could be bolted down as a factor of safety, in case future
flows occur that are higher than the buildout peak wet weather 10-year design
flow. This will increase the hydraulic gradeline shown in P-5 to just below the
ground surface, but no overflows occur at this location for the modeled peak
flow.

2) The sewer segment could be replaced with 12-inch pipe (or paralleled with 6-
inch pipe).

The P-5 segment was identified as requiring improvement in the 2000
Infiltration/Inflow Improvements Program Master Plan, even with installation of the
Relief Interceptor. The Relief Interceptor did not eliminate these improvements. The
Relief Interceptor is downstream of P-5, and is flowing full but not surcharged for
buildout peak wet weather flows. Therefore, it does not affect the flows in these
upstream segments, i.e., it does not relieve upstream deficiencies.

P-6: West 7th Street

Manbholes along the 10-inch and 8-inch pipe segments on West 7th Street, a total of
about 1,600 feet, are surcharging. Surcharge levels at certain manholes are either
reaching the ground surface or are only one to two feet below ground surface.
Correcting the bottleneck on P-6 then impacts the downstream segment extending to
the existing diversion structure at the Relief Interceptor and requires improvement all
the way to the Interceptor. The hydraulic gradeline profile for the segment is in
Appendix D, Profile P-6.

Since the pipes in this reach are at relatively shallow depth, surcharge (sewer
pressurization) and equalization storage are not viable options. The flow diversion
option is also not feasible because there are no modeled existing sewer pipes in the
vicinity.

It is recommended that all 8- and 10-inch pipe segments be replaced with 12-inch
pipes (or paralleling with 8-inch pipe), which is a total length of 1,625 feet to connect
all the way to the existing diversion structure at the Relief Interceptor.

This master plan analysis identifies the need for improvements to the P-6 segment,
even with the Relief Interceptor. The P-6 segment was also identified as requiring
improvement in the 2000 Infiltration/Inflow Improvements Program Master Plan.
The Relief Interceptor did not eliminate the need for these improvements. The Relief
Interceptor is downstream of P-6, and is flowing full but not surcharged for buildout
peak wet weather flows. Therefore, it does not affect the flows in these upstream
segments, i.e., it does not relieve upstream deficiencies.
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P-7:1-780 Crossing at Southampton Road

Model simulations show the 400-foot long, 14-inch pipe segment in Southampton
Road underneath I-780 is surcharging in the buildout peak wet weather modeled
scenario. There is one surcharged manhole where the surcharge levels are up to the
ground surface. Based on the current information in the model, it is a shallow
manbhole less than four feet deep. However, there are uncertainties regarding the
elevation data, as it was based on limited available data and selected field
measurements; field verification would be needed to confirm the model data.

The other adjacent surcharged manholes have surcharge levels more than 4 feet below
the ground surface, and meet the surcharge criterion. If the shallowest manhole cover
is bolted down, surcharge is increased at a nearby manhole to within four feet of the
rim. The hydraulic gradeline profile for the segment is in Appendix D, Profile P-7.

The City has advised that the manhole covers are bolted down at this location, which
would prevent overflows. Therefore, no other improvements are needed. If the
manholes were not bolted down, the existing pipe would need to be replaced with a
24-inch pipe (or paralleled with a 21-inch pipe).

P-8: I-780 at Rose Drive

The western-most branch of the sewer line that runs parallel to I-780, connecting to
Rose Drive, has a roughly 4,000 foot-long, 12-inch pipe segment that exceeds the
surcharge criterion. The slope of these pipe segments is relatively flat compared to the
upstream and downstream pipes. Modeled surcharge levels in these segments reach
the ground surface at one modeled manhole. The hydraulic gradeline profile for these
segments is shown in Appendix D, Profile P-8.

Since the pipes in this reach are at relatively shallow depth, surcharge (sewer
pressurization) is not a viable option. Equalization storage may not be practical
because the flows are too small to justify building and operating such facility.

To correct the deficiency will require replacing the existing 12-inch pipe with an 18-
inch pipe (or parallel with 12-inch pipe). Because not all existing manholes were
modeled along this reach, it is possible that the length of pipe needing replacement is
actually less than 4,000 feet. During predesign/design, field verification is needed to
confirm manhole inverts and hydraulic analysis results before implementing
improvements.

The P-8 segment was not modeled in the 2000 Infiltration/Inflow Improvements
Master Plan. It was added for this master plan to have more tributary subareas in the
west part of the system. Pipe inverts for the P-8 segment were based on limited field
data used to estimate inverts at a few selected manholes (not all manholes). Modeled
pipe invert elevations were calculated based on field measurements of selected
manbholes, not actual surveying. The slope was assumed constant between these
manholes. The depth of selected manholes was measured from the ground surface;
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however, the ground surface elevation was estimated from DEMs based on USGS
elevation data. Prior to implementing improvements, this segment should be
surveyed to obtain actual invert data, and re-analyzed to confirm whether
improvements are needed.

The Relief Interceptor does not affect these findings, as it is downstream of P-8 and is
flowing full but not surcharged for buildout peak wet weather flows. Therefore, it
does not affect the flows in upstream segments, i.e., it does not relieve upstream
deficiencies. The Relief Interceptor has adequate capacity to convey buildout flows
with the P-8 improvements in place. In sizing the Relief Interceptor, the 2000 Plan
assumed that all flows from upstream areas were loaded directly to the interceptor.
The buildout analysis conducted for this master plan showed that the Relief
Interceptor has adequate capacity with all upstream improvements in place.

6.5 Lift Station and Force Main Capacity Evaluations

The model includes only the force mains and lift stations in the eastern industrial area
along Bayshore Road and Park Road that convey flows directly to modeled gravity
sewers. Only the following 4 lift stations are included in the model: Park Industrial
LS, Tire Shop LS, Wharf LS, and Benicia Industries LS. The modeled system does not
include lift stations that discharge to un-modeled sewers, small lift stations serving
localized residential /commercial areas, lift stations that discharge into a modeled lift
station, i.e., that do not discharge directly to a modeled force main, or any private lift
stations.

6.5.1 Force Main Capacity Analysis

The four modeled lift stations pump directly into modeled parallel force mains
discharging into a 24-inch gravity line which conveys the flow to the WWTP.1 The
force main system consists of a single 14-inch segment from Park Industrial LS to Tire
Shop LS (which may include some segments of 12-inch diameter), parallel 12-inch and
8-inch mains from Tire Shop LS to approximately Benicia Industries LS, and parallel
14-inch and 8-inch mains from Benicia Industries LS to the 24-inch gravity main
conveying flows to the treatment plant.

The parallel force mains are interconnected and can operate either as one system or
two separate systems. The City has typically used the 8-inch main as the primary line
to help minimize anaerobic conditions; with higher peak flows conveyed in the larger
parallel main. However, the existing 8-inch main is in very poor condition, and

1 Only modeled lift stations that discharge directly into the force mains are included.
According to the City’s utility maps, the un-modeled Bayshore station (2990 Bayshore Road)
discharges into the modeled Tire Shop station wet well, not directly into the force main.
There is an un-modeled 8-inch diameter gravity line coming down from Camel Road that
discharges directly into the force main. The flows from this tributary subarea are loaded
directly into the force main, although the gravity line is not modeled. Any private facilities
are also not modeled.



City of Benicia Section 6
Wastewater System Master Plan Collection System Analysis

portions have been taken out of service for repairs on many occasions. Currently
(2011), a segment of the 8-inch force main is out of service for repairs. The larger
diameter parallel main is now being used as the primary line.

Table 6-1 summarizes the velocities of the force main segments for buildout peak wet
weather flows, which will have the highest velocities. Based on the Section 6.2 criteria,
the maximum velocity in a force main at peak condition should not exceed 10 feet per
second (fps). The table shows the velocities with both parallel force mains in
operation, as well as the velocities without the existing 8-inch main.

As noted in Table 6-1, even with both parallel mains in operation, peak velocities are
high and either marginally meet or, in some cases, exceed the maximum criterion.
Such high velocities may be acceptable for facilities in good condition; but are too
high for the older 8-inch line in poor condition. With the existing 8-inch main out of
operation, peak velocities exceed the maximum criterion. As discussed in Section
6.5.3, force main improvements will be needed to address these issues and convey
flows from the future Benicia Business Park development.

Table 6-1
Force Main Velocities For Buildout Peak Wet Weather Flows
With Both Existing Force Without Existing
Mains 8-inch Force Main
Existing Maximum Existing Maximum
Diameter(s) Velocity Diameter Velocity
Location (in) (fps) (in) (fps)
Park Industrial LS to Tire Shop LS 14 @ 9.3@ 14 @ 9.3@
12 and 8
Tire Shop LS to Benicia Industries (parallel) 11.4 12 14.3
LS
14 and 8
Benicia Industries LS to Gravity Line (parallel) 9.6 14 11.2
@)

Recent field information from City operations staff indicates that some segments of the
existing pipe between Park Industrial LS to Tire Shop LS may actually be 12-inch diameter.
The conceptual-level evaluation of improvements in Section 6.5.3 considers the sizing of
improvements for both 12- and 14-inch diameters.

@ |f there are 12-inch segments in this reach, as noted in Footnote 1, the maximum velocity in
those segments would increase to 14 fps.

6.5.2 Lift Station Capacity Analysis

Based on Section 6.2 criteria, lift stations must have firm capacity that matches or
exceeds the peak wet weather flows for existing and future conditions. The firm
capacity was based on the largest pump being out of service.

Table 6-2 compares the peak dry and peak wet weather flows under buildout
conditions with the total capacity and firm capacity of each pump station. Pump
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capacity data was provided by the City. Except for Park Industrial Lift Station, which
will serve the future Benicia Business Park, buildout peak flows are similar to existing
peak flows at the lift stations shown in Table 6-2. The lift stations on the Bayshore
force main downstream of the Park Industrial Lift Station convey flows only from
local subareas into the force main, i.e., upstream flows from the force main do not
pass through those lift stations. Therefore, future capacity needs of the downstream
lift stations are not affected by future Benicia Business Park flows; although there may
be potential impacts on required pumping pressures depending on the configuration
of future force main improvements, as discussed in Section 6.5.3.

Table 6-2
Pump Station Capacity for Buildout Peak Flows @
Number of Total Firm Peak Dry WSaet?ll;:All:?gw
Lift Station Name Units/Capacity Capacity %’apacity Weather (10-Year
(gpm) (gpm) (gpm) | Flow (@pm) | gi5im) (gpm)
Park Industrial 2/1,250 2,500 1,250 900 4,490
Tire Shop 2 /350 700 350 53 180
Wharf 1/340 340 0 2@ 20@
Benicia Industries 2 /350 700 350 93 306

@ Except for PILS, buildout peak wet weather flows are similar to existing peak wet weather flows.
@ Firm pumping capacity assumes the largest pump out of service.
® The existing peak wet weather flows that would be reaching the PILS with improvements are 3120 gpm.

“ Flows at Wharf LS are averaged over the entire day. This station is for dock bathrooms only and handles only low
flows.

As indicated in Table 6-2, key findings for the modeled lift stations from the hydraulic
analysis include:

m All lift stations have adequate capacity to pump peak dry weather flows under
buildout conditions.

m Wharf LS - Although Wharf LS has only one pump, it handles only very low flows
for dock bathrooms only. The City is installing a telemetry panel at this station for
alarms. A portable emergency bypass pump could be utilized if needed. Therefore,
a standby pump is not recommended at this station, and no improvements are
needed.

m PILS - This lift station will require significant upsizing and improvements to
convey buildout peak wet weather flows. The PILS and force mains between the
station and the treatment plant will convey flows from the future Benicia Business
Park development. These improvements are discussed below.

6.5.3 Lift Station and Force Main Improvements Evaluation

As described above in the capacity analysis, PILS will require significant upsizing and
improvements to convey buildout peak wet weather flows. In addition, the analysis
indicates there are existing capacity limitations as discussed further below.
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Improvements are also required for associated force mains that convey flows from the
station to the treatment plant. Figure 6-3 shows the lift station and force main
improvements discussed in this section.

The existing PILS discharges to an existing 14-inch force main, as shown on Figure 6-
3. Recent field information from City manhole inspections indicate that some
segments of the force main between the PILS and Tire Shop LS may actually be 12-
inch diameter, rather than 14-inch. At the Tire Shop LS, there are parallel 8-inch and
12-inch force mains that extend to the Benicia Industries LS location. Downstream of
the Benicia Industries LS, there are parallel 8-inch and 14-inch force mains extending
to a 24-inch gravity sewer upstream of the treatment plant. The Tire Shop LS and
Benicia Industries LS discharge directly into the force main, i.e., upstream flows from
the force main are not pumped through these downstream stations. However,
changes to the hydraulic gradeline in the force mains may affect the operation of these
other pumping facilities. Another consideration, as discussed further below, is that
the existing 8-inch force main is in very poor condition.

PILS and Bayshore Force Main Upgrades

The 2006 Benicia Business Park Sewer Collection System Analysis Report evaluated
the Park Industrial LS and downstream force mains in detail and identified several
scenarios for lift station and force main improvements. The scenarios evaluated in the
2006 report comprised various combinations of upsizing the existing station with
pumps operating at a higher total dynamic head (higher pressure) and replacing or
paralleling force mains between Park Industrial LS and the treatment plant.

The older 8-inch force main that runs parallel to the existing 12- and 14-inch force
main is in very poor condition. City staff indicates it has ruptured several times over
the past year. The City is currently (2011) replacing 400 feet of the 8-inch line.
Therefore, the master plan analysis focuses on formulating improvements that
address this condition, as well as provide the additional capacity needed for future
flows.

In the 2006 Benicia Business Park Analysis, the scenario (Scenario C) that addresses
the 8-inch force main issue consists of replacing the existing 8-inch force main with a
new 16-inch force main, upgrading or replacing the existing Park Industrial LS to
operate at a higher pressure to maximize its capacity and provide the required
capacity for buildout peak flows; and upgrading subsequent lift stations pumping
directly in the force mains to accommodate new higher pressures.

For the master plan analysis, this scenario (Scenario C) was re-evaluated since it
addresses both the poor condition of the 8-inch force main and provides capacity to
meet buildout peak flows. The following conceptual planning-level improvements are
recommended based on conservative assumptions for the master plan Capital
Improvement Program (CIP) budgeting purposes, which will provide flexibility for
implementation.
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m Replace Park Industrial LS to provide the required capacity for buildout peak flows
including a standby pump. For the master plan conceptual analysis, it is
conservatively assumed the new lift station will be designed to operate at the
existing total hydraulic gradeline (TDH). The buildout peak wet weather flows at
the Park Industrial LS are 4,490 gpm with the future Benicia Business Park.

m Install a new parallel 16- to 18-inch force main between the Park Industrial LS and
Tire Shop LS, in addition to the existing 12- to 14-inch force main. The parallel main
will provide the required capacity for buildout wet weather peak flows with target
design velocity of about 5 fps and headloss of about 4.5 feet per 1000 feet. The force
main sizing is based on maintaining the existing hydraulic gradeline. In addition,
the parallel force main provides redundancy (additional reliability) for this
segment of the force main system, which now has only a single main. With dual
mains, it will be possible to take one main out of service for maintenance while still
maintaining flows in the other line.

m Replace the existing 8-inch force main with a new force main that is connected to
the remaining existing force main. The replacement force main will be 18-inch
diameter where it parallels the existing 12-inch main; and 16-inch diameter where it
parallels the existing 14-inch main. The parallel mains will provide the required
capacity for buildout wet weather peak flows with target design velocity of about 5
fps and headloss of about 4.5 feet per 1000 feet. The force main sizing is based on
maintaining the existing hydraulic gradeline.

m With the assumption of maintaining the existing hydraulic gradeline in the force
mains, improvements would not be needed at the downstream lift stations.
However, pump replacement projects will be included, as conditional (optional)
projects, at the downstream lift stations that discharge directly into the force mains
(Tire Shop LS, Benicia Industries LS, Wharf LS) that would replace existing pumps
with new pumps capable of operating at higher pressures. These conditional
(optional) projects will provide the City with more flexibility in case the actual
improvements implemented at the PILS increase the hydraulic gradeline. The
master plan does not address private facilities; if private lift stations discharge
directly into the force mains, upgrades may also be needed.

During predesign, detailed site investigations and hydraulic analyses should be
conducted to refine these conceptual planning-level recommendations. The detailed
investigations would determine specific improvements at the existing Park Industrial
LS, e.g., its actual existing capacity and whether it could be upgraded to operate at
higher pressures and flows; and if so the impacts on downstream lift stations of
higher pressures in the force mains.

Another option considered by the City in 2006 was for the Benicia Business Park to
construct a completely separate (hydraulically isolated) system to convey flows from
the Business Park (Scenario A in the 2006 Study). This separate system would consist
of a second parallel gravity sewer on Industrial Way, a new dedicated pump station
in the vicinity of the Park Road and Industrial Way intersection, and a third dedicated
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18-inch parallel force main on Industrial Way that connects to the 24-inch gravity
main leading to the treatment plant. This hydraulically separate system would not be
connected to the existing system other than at the 24-inch gravity main.

The separate system scenario for Benicia Business Park does not address the condition
of the existing 8-inch force main or capacity limitations at the existing PILS. Buildout
peak wet weather flows without the Benicia Business Park are 3,120 gpm. If the
separate system scenario were implemented in the future, a new Park Industrial LS
would still be required, but could be smaller capacity. In addition, the downstream
force main improvements shown in Figure 6-3 would still be needed, but could be
smaller diameter. Between the PILS and Tire Shop LS locations, a parallel 12- to 14-
inch main would be required rather than a 16- to 18-inch. The existing 8-inch main
would be replaced with a 16-inch main rather than an 18-inch.

The analysis indicates that the existing PILS does not have adequate capacity to
handle existing peak wet weather flows and meet the criterion of a standby pump.
Under existing conditions, the modeled peak wet weather flow (10-year storm) at the
lift station is 2,470 gpm, without any improvements to the existing system. The two
existing pumps at the PILS have a design capacity of 1250 gpm per pump based on
City pump station information sheets. However, the 2006 Benicia Business Park Sewer
System report contains information on pump tests conducted by the City indicating a
much lower capacity of 450 gpm per pump.

Assuming a design capacity of 1,250 gpm, improvements would be needed under
existing conditions to meet the master plan criteria of having one pump as standby,
i.e.,, one more pump at 1,250 gpm would be needed. If the actual pump capacity is 450
gpm, more extensive upgrades would be needed to handle the existing peak wet
weather flows. The existing 14-inch pipeline can convey 2,500 gpm flows with a
velocity of about 5 fps and headloss of about 6.5 feet per 1000 feet (which assumes the
older 8-inch force main is out of service).

Information provided by the City for this master plan indicates there has been past
confusion about the actual pump capacities at the Park Industrial LS. According to
City staff, the 1,250 gpm rated pumps, operating with the total dynamic head of the
force main contained in an old Bonneau Dickson lift station report (80 feet TDH),
translates into a pumping capacity of about 250 to 300 gpm per pump. City staff also
performed a quick draw-down/inflow test showing the pumps at about 280 gpm per

pump.

However, the City has not experienced any problems with the pump station keeping
up with flows in the past, even during heavy storms such as in January 2006. A new
telemetry panel was installed a few months ago, and the trend data so far does not

ever indicate two pumps being on at once. In addition, the pumping durations never
really change due to diurnal flow changes or wet weather events. The City indicates
that this trending appears consistent with those previously obtained with an electric
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data logger that showed the same type of patterns (never two pumps on and
consistent pump durations).

The actual capacity and operation of the PILS should be verified prior to the
implementation of any improvements. More detailed site investigations and
hydraulic analysis will be needed as part of the predesign of lift station and
downstream force main improvements, including detailed analysis of the future
hydraulic gradeline and associated impacts on other lift stations discharging directly
to the force mains.

In addition, the detailed predesign/design studies should consider potential impacts
of hydrogen sulfide gas (H2S) on the proposed facilities, and methods to reduce
adverse corrosion and odor impacts due to an anaerobic environment. Some potential
options to minimize such impacts include: specifying corrosion-resistant pipe and
joint materials (e.g., plastic/ polyethylene); utilizing corrosion-resistant protective
interior linings or coatings (e.g., vinyl and epoxy resins, cement and polyethylene
linings); providing for chemical treatment (e.g., ozone injection station) to increase the
amount of oxygen and minimize anaerobic conditions; and/or installing dual smaller
replacement force mains instead of one large replacement main. The most effective
configuration of improvements for the force main system would be determined by
detailed evaluations of potential options including hydraulic and H2S model analysis,
relative costs, and relative maintenance/operational requirements.

6.6 Peak Wet Weather Collection System Flows
Conveyed to Wastewater Treatment Plant

As described in Section 3.1.1, all wastewater flows from the collection system are
conveyed to the WWTP for secondary treatment and discharge. The WWTP has a
current average dry weather design treatment capacity of 4.5 mgd, a peak one hour
wet weather secondary treatment capacity of 18 mgd, and a maximum short term
hydraulic capacity of 24 mgd. The plant can store up to one million gallons in seven
multipurpose basins where influent can be diverted and temporarily stored during
peak flows or upsets and subsequently returned to the plant for full treatment. The
permitted peak wet weather capacity is 24 mgd utilizing a parallel treatment process
(blending) with the multipurpose basins.

Pump station and pipe capacity upgrades to increase conveyance capacity in the
collection system will increase flows to the WWTP under peak wet weather flow
conditions. The existing collection system already has adequate capacity to convey all
existing and buildout dry weather peak flows. The hydraulic analysis evaluated the
collection system with improvements by reducing surcharge and eliminating
overflows to convey all peak wet weather flows to the WWTP. Table 6-3 summarizes
the system-wide peak wet weather flows for the 10-year design storm that will be
conveyed to the WWTP with and without collection system improvements.
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Table 6-3
System-Wide Peak Wet Weather Collection System Flows With and Without
Improvements (mgd)

Scenario Peak Wet Weather for
10-Year Design Storm

Existing Flows

With Existing System (no improvements) 18.0

With Improvements (to convey all flows to WWTP) @ 20.0
Buildout Flows

With System Improvements (to convey all flows to WWTP) ) | 21.8

W peak wet weather flows with system improvements eliminate surcharge conditions and overflows

and convey all flows to the WWTP.

Under severe wet weather conditions, sewer flows from the collection system enter
the WWTP through an existing pump station at the headworks and through the Wet
Weather Screening Structure via the control structure at 5t Street that receives flow
from the Relief Sewer Interceptor (pipeline). The pump station has three similar
pumps with a total capacity of 12 mgd with 2 pumps running and one pump as
standby. Under dry weather conditions, the control structure does not convey flows
from the Relief Interceptor, and all flows enter the WWTP through the pump station.

Table 6-4 summarizes the buildout peak wet weather flows from the control structure
that conveys flow from the Relief Interceptor and from the pump station at the plant.
The existing pump station has 12 mgd firm capacity, so there is adequate existing
pumping capacity to convey the peak wet weather flow under buildout conditions.
The Relief Interceptor (pipeline) is flowing at full pipe capacity and conveying peak
wet weather flows of about 10 mgd under buildout conditions through the control
structure. No improvements are needed for these facilities.

Table 6-4
Buildout 10-Year Wet Weather Modeled Flows
from the Collection System (mgd)

Discharge Location Capacity Peak Modeled Flow
From Relief Sewer Interceptor 9.6 Y 10.0
From WWTP Pump Station 12.0 11.8
Total at Buildout 21.6 21.8

@ Relief sewer capacity is for full pipe flow with no surcharge. At buildout peak wet
weather flows, the relief sewer is flowing at capacity of about 10 mgd.

Under dry weather conditions, the Relief Sewer Interceptor (pipeline) does not
convey flows, and all flows enter the WWTP through the pump station. The Relief
Interceptor provides wet weather capacity to relieve the 24-inch trunk sewer that runs
from West 5th Street to the 100 block of West H Street (along the waterfront), i.e., the
Relief Interceptor backs up the 24-inch sewer during wet weather events. It is
assumed that routine maintenance of the Relief Interceptor would be performed
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during dry weather periods, and that the Relief Interceptor would be repaired as soon
as possible, if needed, during wet weather, i.e., critical spare parts kept on hand.

6.7 Sewer Rehabilitation Considerations

The City has an ongoing maintenance and rehabilitation program for its existing
sewer system, as described in its SSMP. Such efforts serve to maintain or reduce peak
flows, particularly with respect to wet weather infiltration and inflow. Because of the
time and cost required, and the uncertainty in peak flow reductions provided, sewer
system rehabilitation is best used as one part of an overall program that also includes
capacity improvement options, such as pipeline improvements and pumping station
upgrades.

The capacity evaluation for this master plan was based on the current condition of the
existing system, and corresponding peak flows. It assumes the City continues its
maintenance/rehabilitation efforts to maintain system integrity. The capacity
improvements identified for the master plan are based on the peak flow projections
with the existing system, and conservatively do not consider potential future flow
reductions from rehabilitation efforts due to the uncertainty of the magnitude of such
reductions. If significant rehabilitation improvements are implemented upstream of
an identified master plan capacity improvement that would significantly reduce
downstream flows, the City could re-evaluate the sizing for the capacity
improvement.

Determining appropriate sewer rehabilitation areas typically requires a focused
sanitary sewer evaluation survey to determine the extent of sewer rehabilitation
required. These surveys identify areas that are high contributors of extraneous flows,
such as infiltration and inflow. This often involves a dense flow monitoring network
to determine the sources and severity of extraneous flows. The monitoring is
generally followed by detailed manhole inspection, video inspections, smoke testing,
flow isolation, and other techniques to gather adequate information of sewer
conditions to guide rehabilitation.

Once an area is identified and designated as a rehabilitation priority, there are
varying levels of sewer rehabilitation that could be considered:

m Comprehensive rehabilitation strives to eliminate all potential entry points for
RDI/I by either rehabilitating all sewers including service laterals located within
the public right-of-way and on private property; or rehabilitating only sewers
located in public rights-of-way. Rehabilitating service laterals as well as the public
sewers provides the most effective reduction of RDI/I. Comprehensive
rehabilitation is costly and has the greatest cost/benefit ratio in sewersheds with
the greatest level of deterioration.

m Point rehabilitation consists of repairing structural defects in pipes and manholes
and removing major identified inflow sources. This approach repairs localized
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defects identified from inspection and focuses on eliminating sewer system
overflows resulting from structural and maintenance problems, which may also
reduce RDI/I.

For sewers in poor condition, rehabilitation could be accomplished by replacement or
other methods. Non-structural repairs may be adequate if the pipe is sound, and
would typically involve sealing leaking joints in pipes and manholes. Structural
repairs would involve either replacement of all or a portion of a sewer line, or lining
of the sewer. These repairs could be done using typical trench excavation techniques
or trenchless technologies to limit excavation.

Trenchless technologies include slip lining in which a smooth plastic liner is pulled
through the existing pipe; cured-in-place pipe technologies in which a resin-soaked
felt liner is placed in the existing pipe and cured in place; and fold-and-form
technologies in which a heated plastic liner is folder, pulled into place and then
expanded and allowed to harden. A variation of slip lining is pipe bursting, in which
a bursting head is pulled through the existing pipe, bursting it, and at the same time
pulling a continuous replacement pipe through the resulting hole. A benefit of pipe
bursting is that it can be used to increase the diameter of the new pipe, if needed.
Although slip-lining may also increase the hydraulic capacity by reducing friction
losses; which may more than offset the reduced diameter due to the lining process.
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This section discusses sustainability issues and approaches with respect to the City’s
wastewater system. It provides an overview of key sustainability issues, capturing
separate work being done by the City on sustainability goals, and potential additional
alternatives to help meet these goals. The following topics are addressed: current
policies and general approaches to sustainability; opportunities for renewable energy;
impact of climate change and sea-level rise; and water reuse efforts.

7.1 Current Policies and General Approach to

Sustainability

Sustainability is the overarching goal of the City’s General Plan. One of the City’s
2009-11 Strategic Plan goals is to reduce its carbon footprint while improving the
community’s air quality. Relevant goals and policies of the plans include:

m General Plan Goal 2.5 - Facilitate and encourage new uses and development which
provide substantial and sustainable fiscal and economic benefits to the City and the
community while maintaining health, safety, and quality of life.

m General Plan Goal 2.36 - Ensure an adequate water supply for current and future
residents and businesses, with implementation of measures to reduce water
consumption (2.36.3) and the promotion of uses that minimize water consumption
and recycle water whenever and wherever possible (2.36.4).

m General Plan Goal 2.42 - Enhance the recycling of solid waste, by accomplishing
mandated objectives of the California Integrated Waste Management Act.

m Strategic Issue #2 - Protecting and Enhancing the Environment:
- Strategy 1: Reduce greenhouse gas emissions and energy consumption.
- Strategy 2: Implement new water conservation programs.

- Strategy 3: Pursue and adopt sustainable practices.

- Strategy 4: Protect air quality.

7.1.1 Emissions Inventory

The City of Benicia was the first in Solano County to address climate change through
a comprehensive planning process, funded by a grant from the Bay Area Air Quality
Management District (BAAQMD).! As part of the effort, the City approved the
Greenhouse Gas (GHG) Emissions Inventory Report in 2008.2 Benicia’s community-
wide GHG emissions total in 2000, the baseline year, was about four million metric
tons of carbon dioxide-equivalent emissions.

1 City of Benicia sustainability webpage.
2 City of Benicia Greenhouse Gas Inventory, September 2008.
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In the 2005 GHG Inventory, the greatest GHG sectors were Waste (33%),
Water/Wastewater (23%), and Vehicle Fleet (18%), as shown in Figure 7-1. For water
and wastewater system operations, the water pump stations (total for all 5 stations)
use the most energy and the wastewater treatment plant uses the second most energy.
The City’s transit system (Benicia Breeze) was the largest contributor in the Fleet

Emissions category, with buses and vans comprising almost half the fleet’s emissions
in 2005.

City Emissions by Sector, 2000 and 2005
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Source of Figure: City of Benicia Greenhouse Gas Inventory, September 2008.

Notes: According to the 2008 report, the buildings category for 2000 includes aggregated gas and electric usage from
all City-owned building and facilities (including water and wastewater facilities), including some residential properties
and some miscellaneous park facility-related items like irrigation and ballfield lights. Data for 2005 was received in a
different non-aggregated format that allowed some facilities to be attributed to the appropriate sector. Even with the
classification changes, the 2008 report notes a significant decrease in emissions for the 2005 buildings category,
attributed by City staff in the report to older equipment being replaced by newer energy efficient equipment.

Figure 7-1
City GHG Emissions by Sector

In the Emissions Inventory, Waste category includes WWTP biosolids. All of Benicia’s
WWTP biosolids currently go to the Hay Road Landfill (hauler Recology Vacaville).
With methane gas being 23 times more potent than carbon dioxide (CO2 equivalent
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[CO2E]) as a GHG, methane emissions from the landfill for biosolids disposal were a
contributor of GHG.

Reduction Targets

On September 16, 2008, the City Council passed a resolution accepting the emissions
inventory report and approving GHG reduction targets, which then met or exceeded
the State of California’s goals. Separate targets were established for City government
operations and the community. Benicia’s reduction targets are intended to meet the
2020 goals of Assembly Bill 32 for the community and exceed them for city operations.
The reduction targets are:

m City Government Operations (all aspects of City government):
- 25% below 2000 level in 2010
- 33% below 2000 level in 2020

# Community (including City Government Operations):
- Maintain 2005 level in 2010
- 10% below 2000 level by 2020

7.1.2 Overview of Climate Action Plan

Following the findings of the GHG Inventory, the City submitted a Draft Climate
Action Plan (CAP), adopted on September 15, 2009 by the City Council; and finalized
in December 2009.3 The CAP is the strategic roadmap for the City to reach the
adopted reduction targets. The plan consists of eight focus areas listed below, with
objectives and strategies defined for each focus area. The focus areas relevant to
objectives and strategies for wastewater facilities are marked with an asterisk (*).

m Public Education and Outreach

m * Energy Production (centers on renewable energy generation)

m Transportation and Land Use

m Buildings

m Industry and Commercial

m * Water and Wastewater

m Solid Waste

m Parks and Open Space

Table 7-1 presents the CAP’s potential GHG emission reductions goals for City
Government that are relevant to wastewater operations.

3 City of Benicia Climate Action Plan, December 2009.
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Table 7-1

City Government GHG Emissions Reduction Goals Identified

in the CAP Relevant to Wastewater System )

GHG Reduction
Goal

Remarks

65% reduction in
Energy Production
(for all City
government
operations)

Focuses on increases in efficiency of traditional sources and overall share of renewable energy.
Specifically, the plan includes Strategy E-2.3 Renewable Energy For City Facilities: Transition
City-procured energy from non-renewable to renewable energy sources by implementing the
following options:

Option 1 — City owned generation systems:

Develop generation systems using fuels such as solar, wind, cogeneration, and
biomass (e.g., biogas from biosolids treatment processes at the WWTP,
plant/vegetable derived fuels such as, paper/wood waste, plant wastes). Offset capital
costs via Pacific Gas & Electric Company (PG&E) Self Generation Incentive Program
for new wind or fuel cell self generation equipment.

Option 2 — Green power purchase agreement:

Enter into Power Purchase Agreements (PPAs) that license third party providers to
build, own, and operate generating systems (solar, wind, biomass, or cogeneration
such as combined heat and power or chiller/air conditioning) on City-owned building
roofs, parking structures, parking lots, or other land. The City would receive income
from a lease agreement and would be able to purchase the energy produced at a fixed
cost, at or below utility rates.

Potential opportunities for renewable energy are discussed below in Section 7.3.

16% reduction in
Water + Wastewater

Focuses on reducing GHG emissions from the energy used to pump, treat, collect, deliver and
clean water by reducing demand, increasing conveyance efficiency, and improving treatment
plant efficiency. This includes reducing emissions from wastewater sludge. In particular:

Objective WW-2 calls for reducing the amount of emissions resulting from pumps and
lift stations. As discussed below in Section 7.2.3, the City has an ongoing program for
improving wastewater system operational efficiency. As Strategy WW-2.1, the City is
planning to create an incentive program to repair private sewer laterals to reduce
infiltration/inflow and peak flows to the treatment plant.

Objective WW-3 calls for reducing the amount of emissions resulting from water and
wastewater plant operations. This objective includes wastewater treatment plant
upgrades to improve energy efficiency to reduce emissions, and reducing emissions
associated with sludge production and disposal.

—  Strategy WW-3.1 calls for installing renewable energy systems as discussed in
Section 7.3 below, as appropriate for treatment plant and lift station operations.

—  Strategy WW-3.2 calls for assessing the feasibility of producing Class A biosolids
at the wastewater treatment plant, and reducing emissions associated with sludge
(biosolids) production and disposal. Section 8 of this master plan report discusses
potential options for reducing emissions producing Class A biosolids.

—  Strategy WW-3.3 calls for development of a water reuse system. Water reuse is
discussed in Section 7.5 below.

@ Information in Table 7-1 is from the City of Benicia CAP, December 2009.
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7.1.3 General Approaches to Increase Sustainability in
Wastewater Operations

The City of Benicia’s wastewater division has made great strides in terms of
sustainable operations, with most measures in place or currently being implemented
focusing on the control and minimization of energy demands from their operation.

As discussed below, the City is already implementing several demand-side, supply-
side, and market-side strategies to increase sustainability in the City’s wastewater
operations. Demand-side management refers to the management of energy demands,
particularly electrical demands. Demand-side management should focus first on
pumping, aeration, and digester mixing, as these areas typically represent about 60%
of a WWTP’s energy demands.* Supply-side management refers to the management
of varying sources of energy. Market-side management (or integrated energy
management) refers to energy-related matters that apply to both supply and demand
(e.g., energy rates, air permits, and electrical reliability).

The operational efforts to increase sustainability at the WWTP are visible through
recent year utility bills from PG&E, the City’s power supplier. In 2009, PG&E’s total
rate for the E-19S commercial rate schedule applicable to the WWTP averaged about
$0.137 per kilowatt-hour (kWh), including demand and other charges. From 2007
through 2009, City paid only $0.1156 to $0.1232 per kWh by successfully managing
power usage at the WWTP (these values obtained by dividing the total fees paid to
PG&E by the total kWh used in the year).

Demand-Side Strategies Already in Place

From the CAP, the WWTP appears to be well under way into controlling and
optimizing the demand-side categories with the following strategies:

m High Efficiency Aeration: The plant has already switched to the most efficient
aeration blowers commercially available to date (Turbo-type blowers), which are
combined with deep aeration basins (greater oxygen transfer efficiency). After
installation of the new blowers in late 2008, review of energy usage data in 2009
indicates about a 10 percent decrease in total WWTP energy usage.

m High Efficiency Motors & Variable Frequency Drives (VFDs): Pumps and motors are
being or have been switched to 70% more efficient VFDs and solid state soft starts,
replacing less efficient motors.

m Minimize Pumping: The WWTP uses gravity flow instead of pumps at low tide.

m Higher Efficiency Lights: Streetlights have been changed to high pressure sodium,
exit signs to light emitting diodes, and incandescent bulbs to compact fluorescent.

4 Ensuring a Sustainable Future: An Energy Management Guidebook for Wastewater and
Water Utilities, USEPA, January 2008.
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m Minimize Idle Equipment/Process: One aeration basin is being taken out of service
when possible.

m Aeration System Controls: Improvements have been implemented in aeration
controls to match influent characteristics. With automated controls, refined
strategies are utilized to automatically control air flow to maintain optimum
setpoints. Over-aeration results in wasted energy which may be minimized by
better matching of air supply to the required oxygen demand. Good dissolved
oxygen (DO) control strategies can provide energy savings by controlling the air
supply to the aeration basin to the optimum level needed to meet preset DO
setpoints, thereby avoiding over- or under-aeration.

Additional demand-side strategies that could be considered include improvements to
the aeration basin efficiency through:

m Denitrification Credit: Should the plant need to nitrify (not currently required;
although there are regulatory pressures on federal agencies to include nutrient
limits into the federal definition of secondary treatment), add an anoxic zone at the
aeration tank to recover some of the oxygen via denitrification of the return
activated sludge. Some successful methods of creating anoxic zones in existing
aeration tanks include: constructing a dedicated anoxic zone at the head of the
aeration tank by installing a baffle and mechanical mixers; utilizing the first quarter
to third of the tank as an anoxic zone by throttling aeration system diffuser valves
to allow mixing without transferring dissolved oxygen; using a DO probe in the
aeration tank tied into a variable frequency drive that sends a signal to the blower
providing a continuous DO level determined by setpoints; and utilizing timers to
cycle the aeration system on and off which allows the whole aeration basin to be
used intermittently as an anoxic zone if appropriate for existing equipment.

Supply-Side Management Strategies Already in Place

The supply-side strategy in place at the WWTP is the use of some of the digester
methane gas to fuel the boilers that heat the digesters, offsetting the need for natural
gas. This strategy has some limitations, as a typical WWTP will not yield enough heat
demand to use all its digester gas in boilers.

Market Management Strategies Already in Place

Market-side management strategies currently in place include adjusting pump
schedules at the wastewater treatment plant to maximize efficiency, by utilizing
gravity flow during low tides and only pumping during high tides.

7.2 Opportunities for Renewable Energy

California currently generates about 70% of the electricity used in the state, while the
rest is supplied from outside the state. The main sources of energy for electricity

generation are natural gas, nuclear, renewables, hydro-electric, geothermal, biomass,
coal, and wind. PG&E, the City’s electricity supplier, uses the same energy sources as
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the State - natural gas (41 percent), nuclear (23 percent), hydro-electric (19 percent),
renewables (13 percent), and coal (4 percent).

The largest source of renewable energy is geothermal, followed by organic waste,
wind, and small amounts of solar. Wind and solar power have tremendous potential
for growth due to their environmental benefits. The technologies available for
harnessing solar energy are solar thermal and photovoltaic cells (PV), while wind
energy is harnessed through wind turbine farms. California claims to have the second
largest wind capacity in the U.S. with 2,555 megawatts (MW) of capacity. Another
renewable technology that is in wide-spread operation throughout California is
digester gas-fueled combined heat and power (CHP) systems at WWTPs.

The City recently engaged the services of Chevron Energy Solutions Company to
provide a cost-neutral solution toward implementing its Climate Action Plan and
meeting the greenhouse gas reductions set by the City Council. This will be
accomplished in two phases: Phase one - detailed energy audit analysis study of all
City facilities (including wastewater); and Phase two - design and development of
viable energy savings and energy generation opportunities, based on outcomes from
the audit.

The following three renewable energy options that fit within the GHG reduction goals
identified in the CAP (see Table 9-1) are discussed below: solar power (solar
photovoltaic cells), wind power, and CHP using digester gas.

7.2.1 Solar Photovoltaic Cells

Various installation areas and configurations of solar photo voltaic (PV) cells could be
considered by the City, including roof-mounted and ground-mounted systems. The
modules should ideally face due south, the optimal orientation for maximizing power
production. The modules are tied together and the power generated is fed into
inverters used to convert the direct current from the PV modules into alternative
current (AC). The AC power from the inverter can then be fed into the power supply
for the wastewater facility.

In 2008-2009, the City conducted a study to ascertain the potential for renewable
energy development, both solar and wind, at wastewater and water system facilities.
The findings regarding solar power potential are summarized in the report “Solar
Photo Voltaic (PV) Potential for City of Benicia Wastewater Treatment and Water
Treatment Facilities, prepared for the City by HDR in July 2008.

Key findings from the 2008 report with respect to potential viable locations for PV
cells in the wastewater system include:

m At the WWTP, three sites were identified as potential viable locations for PV cells.
These sites include:

7-7
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- Operations Center roof (south facing slope). This installation would include
crystalline silicon modules mounted on fixed frame elevated above the metal
roof with 4- to 6-inch standoffs, requiring direct attachment to the roof
structural frame. Modules would have the same slope as the roof.

- Carport for 17 parking spaces to the east of the Operations Center. The
proposed carport would include crystalline silicon modules mounted on a
cantilevered carport steel structure. The cantilever design avoids posts in the
traveled area which may interfere with vehicles.

- Grassy area due east of the Operations Center (where stormwater overflow
basin is located, only the area south of the fence that divides the plant activity
from the adjacent park-like area was evaluated). In this location, crystalline
silicon modules would be installed on a fixed ground mount frame, tiled at 30
degrees and pointing due south.

m At the Park Road (Park Industrial) Lift Station, the fenced station has a relatively
small area to the southeast of the below grade pumps that is suitable for a ground
mounted system with crystalline silicon modules. Care must be taken in laying out
the array to reserve adequate space for O&M activities. System size is restricted by
technical requirement for multiples of 14 modules.

m At the Benicia Industries Lift Station, the small site has some adjacent space within
the fence that may accommodate a ground mounted system using crystalline
silicon modules.

m Other wastewater facility sites are very small and not suitable for potential
consideration as PV locations.

Below is a summary of the 2008 study findings regarding estimated costs and power
generation for the above potential viable locations.

Location Size Size Estimated Power % Load Annual
(kwDC) (KWAC) Cost Generation Energy
(kwh per Savings
year)
At WWTP:
Operations Center 18.8 15.8 $130,000 23,180 0.07
Carports 18.8 15.8 $147,000 25,678 0.07
Grassy Area 34.5 29.0 $250,000 53,036 1.8
Total WWTP 72.1 60.6 $527,000 101,894 3.2 $11,575
Park Road LS 3.1 2.6 $20,000 4,634 7.5 $653
Benicia Industries LS 2.2 1.8 $16,000 3,258 90.0 $635

Note: Summary information obtained from “Solar Photo Voltaic (PV) Potential for City of Benicia Wastewater
Treatment and Water Treatment Facilities, prepared for the City by HDR in July 2008, and HDR transmittal letter to
City dated February 24, 2009.
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As indicated in the summary above, the amount of power potentially generated from
solar PV cells would be relatively small. For example, the total WWTP energy usage is
about 3 million kWh per year, while the solar PV cells at all three potential locations
are anticipated to provide a total of about 0.1 million kWh per year, about 3% of the
total load. Due to the low annual energy savings relative to the costs, it would require
significant incentives to be economically feasible to implement. As discussed below,
there are some financing mechanisms for solar power installation that the City could
investigate to determine feasibility.

The most common way of financing large PV arrays is through a PPA. With a PPA, a
financing company in partnership with a solar contractor provides the money to
construct and maintain the power plant and owns the plant for a set period of time
(e.g., 20 years for example) while selling the power back to the agency. The electricity
rates typically escalate yearly at a negotiated percentage, such as 3 percent. The
agency saves money by purchasing power at rates lower than PG&E. The agency can
negotiate to retain the renewable energy credits for the construction of a “green” solar
power plant. After the contractual period is up, the agency may purchase the power
plant or renegotiate the PPA. Financing companies make a profit off such agreements
because they receive a 30% federal investment tax credit for building solar systems
that is unavailable to public entities. Two local solar power financing companies that
specialize in PPAs are Solar Power Partners in Mill Valley and MMA Renewable
Ventures LLC in San Francisco. In the past, SPG Solar, which has been involved in
numerous PPAs, reported difficulties in competing with PG&E’s E19S electric rate
structure.

There are other vehicles available for financing a solar power plant through a
financing company besides a PPA. SPG Solar described a “flip model” finance option,
similar to a lease agreement, where the agency provides 10% of the cost and has fixed
payments for 5 years, after which the agency owns the solar power plant.
Opportunities for solar funding should be examined via the California Solar Initiative
Program.>

Some issues to consider for implementation of solar PV installations include the
following:

m PV systems have no moving parts and are therefore extremely reliable.

m The O&M for a PV system is simple, requiring quarterly washing of the panels with
a power sprayer.

m No air permits are required.

5 California Solar Initiative Program Handbook, California Public Utilities Commission, July
2009.
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m PVs are 10 to 15% efficient in converting solar energy to electricity, which is
relatively low as compared to the higher 35 to 38% typical electrical efficiency of an
internal combustion (IC) engine or microturbines.

m PV systems directly offset electricity production from PG&E, and therefore reduce
CO; production by about 727 pounds of CO, per megawatt-hour of energy
produced. The carbon offset potential of the PV system is also a renewable energy
credit which will ultimately be able to be sold on the Chicago Climate Exchange or
a future national carbon market.

m Ground-mounted PV systems may be unattractive to neighbors, can take up
valuable real-estate space for future expansion, and at the WWTP may be sensitive
to projected sea level rise in Benicia.

7.2.2 Wind Power

In 2008-2009, the City conducted a study to ascertain the potential for renewable
energy development, both solar and wind, at wastewater and water system facilities.
The findings regarding wind power potential are summarized in the report “Wind
Energy Feasibility for City of Benicia Facilities”, prepared for the City by HDR in
February 2009.

Key findings from the 2009 report with respect to potential feasibility of using wind
power for wastewater system facilities include:

The evaluation considered wind exposure, annual energy production potential, and
environmental concerns (probability of community opposition primarily due to
aesthetics). The study evaluated the wastewater treatment plant, Park Road (Park
Industrial) LS, Barn Road LS, and Benicia Industries LS for potential wind energy
based on their electricity consumption. The treatment plant has the highest energy
usage at about 3 million kWh/year; the lift stations have much lower energy usage on
the order of 0.05-0.06 kWh/year for Park Road LS and Benicia Industries LS, and
<0.01 kWh/year for Barn LS.

Due to the facility locations, no wastewater facilities were identified in the 2009 report
as potentially viable for wind power, for the reasons noted below:

m WIWTP - Low wind exposure will cause low annual energy production. Nearby
high density residential development is likely to raise neighborhood opposition for
visual aesthetic reasons.

m Park Road (Park Industrial) LS - Low wind exposure, low on-site energy demand,
small site, industrial landscape adjacent to the highway and roadways on several
sides.
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m Benicia Industries LS - Low wind exposure, low on-site energy demand, small site,
tall vegetation (trees) and surrounding structures (industrial buildings) likely to
cause turbulence and lower wind speeds.

m Barn LS - Low wind exposure, low on-site energy demand, tall vegetation (trees)
likely to cause turbulence and lower wind speeds, land use is recreation park which
may prohibit tower construction.

For this master plan, CDM also conducted an initial wind power assessment for
Benicia’s WWTP site, which has the highest energy usage of all the wastewater
facilities. This evaluation was based on the aerial photo of the site and surroundings,
and running 3Tiers” First Look program, ¢ which provides annual mean wind speed
for specific locations and various hub heights (e.g. the distance from the ground to the
center-line of the turbine rotor). At the WWTP, the average annual wind speeds for
two turbine heights are:

m 20-meter turbine: 3.4 to 5.4 meters per second (m/s); and
m 50-meter turbine: 4.4 to 6.4 m/s.

The data from First Look do not consider building obstruction or wind patterns
(swirls), which would lower the annual average wind speed available. Typically, hub
height average annual wind speeds of over 6 m/s are considered ideal, as cut-in wind
speed (the wind speed at which the turbine starts producing power) for turbines are
about 3 m/s. The 6 m/s rule of thumb for feasibility is based on 20 years of data on
economically feasible projects in the industry. While projects have been built in areas
with lower average annual wind speeds, they either benefited from partial grant
funding, very low interest loans, or are offsetting very high average electric
commodity rates. The results from First Look show average wind speeds that are
lower than the ideal. In addition to the low wind speeds, there are also concerns as to
whether a 50-meter turbine would fit on the site after considerations for setbacks.
While there are “new” rooftop prototypes of wind turbines, these units remain
relatively untested and still require decent wind speeds. Due to the rooftop location,
these are particularly subjected to potential upwind obstacles blocking air flow.

CDM’s conceptual analysis corroborated the findings of the 2009 study. The wind
speeds at Benicia’s WWTP which would result in low energy production, combined
with the relatively low average electrical rate paid to PG&E, do not appear to justify
the purchase, installation, and operation of wind turbines.

6 Information available at http:/ /firstlook.3tier.com/
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7.2.3 CHP Production with Digester Gas

With the demand and market management side strategies already being implemented
by the City, the greatest potential for reducing energy demands and associated carbon
footprint in the long-term may be to focus on supply-side alternatives for the self-
generation of power using digester gas. Digester gas production, as a supply-side
management alternative, is a valuable fuel source that can be utilized in many ways to
help reduce GHG emissions and increase renewable power.

While the City currently uses its digester gas in the plant boilers to generate heat, the
WWTP’s heat demands are not high enough to utilize all the digester gas, resulting in
flaring (actual wasted/flared biogas volumes should be investigated further). The
CAP did not estimate potential GHG reduction from beneficially using the WWTP’s
biogas, which was included under the “emerging renewable energy sources.”

Below is an initial conceptual discussion of potential CHP production using digester
gas at the WWTP. Based on this initial assessment, it appears microturbines may be a
potential option for long-term consideration. However, more detailed investigations
will be required to determine the feasibility of implementation; and significant
incentives or partners would be needed to be economically feasible.

Typical CHP Systems

Typical digester gas CHP systems can provide about half of the average WWTP’s
energy demand. CHP systems include microturbines or IC engines, which can
provide power to boilers or utilize heat exchangers for heat recovery instead of
boilers. Another variation of the CHP technology is digester gas fuel cells, which also
use digester gas to produce electricity and hot water. There are currently seven
WWTPs in California using digester gas fuel cells, while a few plants are using
microturbines. Most California WWTPs with CHP systems use IC engines.

IC engines available on the market have an overall efficiency of 80% and electrical
efficiency of 35-38%, while microturbines have similar overall efficiency but lower
electrical efficiency of about 28-31%. To achieve the overall efficiencies, both systems
would need a heat recovery system that can be used to heat digesters and/or provide
building heat or other thermal demands. The availability of the engines and
microturbines is generally about 93-95% to allow for routine maintenance downtime.
Some redundancy would be needed to allow one or more units to be taken out of
service for maintenance while still providing required service capacity; routine
maintenance should be scheduled for low usage times.

The microturbines operate on low, medium, and high British thermal unit gaseous
fuels and are applicable to small, phased installations (less than 200 kW per unit),
while larger installations (greater than 500 kW) are suited to IC engines. More
recently, microturbine and IC engine units have been produced in the 250 kW range.
The smallest commercially available fuel cells for digester gas application come in the
200 kW (United Technologies) and 300 kW (Fuel Cell Energy) range. As discussed in
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the next section, potential CHP energy production from the City’s plant is anticipated
to range from 65 to 75 kW.

Both IC engines and microturbines have been permitted in California and require air
permits from BAAQMD. A major advantage of microturbines is their low NOx and
CO emissions compared with IC engines, which typically result in uneventful air
permitting assuming the required gas treatment has been provided. A key
consideration to CHP systems is the gas treatment required for the operation of the
CHP technology with either microturbines or IC engines.

A typical digester gas treatment system will require a gas cleaning system (scrubbing
system) with sulfur removal, moisture removal, halogenated organic compounds
removal, siloxane removal, and removal of particulates larger than 10 microns. The
level of treatment varies depending on the type of equipment and manufacturer, and
requires a fuel gas analysis to determine the specific requirements. Figure 7-2
conceptually illustrates the various gas conditioning steps required for a microturbine
installation (based on fuel requirements for a microturbine). Depending on the
siloxane removal system, hydrogen sulfide removal may be required to protect the
siloxane system. Further, hydrogen sulfide removal may also be required to meet air
permit requirements.

CHP Energy Production Potential

Digester gas production at the WWTP is dependent on wastewater influent loadings,
the produced sludge characteristics, and the digestion complex’s operation. As part of
its plant air permit requirements (administered by BAAQMD), Benicia is required to
record biogas production, methane content, H2S, and CO concentration. For example,
in 2008, the WWTP’s total biogas production was about 12 million cubic feet, with
average methane content between 62 and 63%, H2S varying between 300 and 700
parts per million (ppm), and CO of 30%.

For example, based on 2008 gas production data, an IC engine installation at the
WWTP would generate approximately 80 to 90 kW of electricity (assuming 35 to 38%
electrical efficiency), and microturbines would generate approximately 65 to 75 kW
(assuming 28 to 31% electrical efficiency). There are no commercially-available IC
engines for that size; therefore, microturbines are the only practical option for Benicia.

In addition to the need for a scrubbing system (as discussed above), another key
operational consideration of microturbines is the absence of downturn. The unit needs
a constant feed of digester gas to operate; therefore, should there be insufficient
digester gas to feed a unit, the plant would either supplement with natural gas or turn
off the unit. Another option would be to select multiple, small turbines to operate as
digester gas volumes increase. The available turbine units provide a few practical
options to Benicia, with commercial units available in 30 kW, 65 kW, and 200 kW sizes
(http:/ /www.capstoneturbine.com/).
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A 65 kW unit would produce over 540,000 kWh/yr (assuming 95% availability and
29% electrical efficiency). For example, the Benicia WWTP used about 3,000,000
kWh/yr in 2007 and 2008. A 65 kW turbine could thus provide about 20% of the
plant’s power demands with the existing digester gas production and existing power
consumption.

Capital Cost Considerations

The capital cost for two 65-kW microturbines complete with one gas treatment skid is
about $1 million, or about $7,700 per kWh; plus the associated costs for site
preparation, installation, noise abatement, etc. A more detailed analysis would be
needed to determine the appropriate locations and specific requirements for installing
microturbines at the plant, in order to develop site-specific costs.

It is not untypical to see payback periods for CHP installation exceed 10 years or
more, unless there are opportunities for grants or other offsets such as trading
programs. Based on the current cost of PG&E electricity, as discussed below, it is
anticipated that the payback period would be relatively long. It is likely that
significant incentives, grants, or other financing options would be needed for this
alternative to be economically feasible to implement.

Benicia purchases its electricity from PG&E, subject to PG&E’s E-19S tariff under
primary voltage. E-19S is a time-of-use rate schedule, meaning that electricity has a
different value based on delivery time of day and season. PG&E's E-19S schedule for
2009 is presented in Table 7-2. Benicia’s average cost of electricity purchased from
PG&E is currently $0.137 /kWh, including demand and other charges. At that price, a
65kW microturbine could offset approximately $73,000 a year in electricity costs.

Table 7-2
Benicia’'s PG&E 2009 E-19S Rate Schedule (rounded for clarity)
S Time-of- Demand Charge Time-of- Total Energy Charge “Average”,
eason Use Period (per kW) Use (per kWh) Total Rate
Period (per kWh)
Max. Peak $13.51 Peak $0.156
Summer Part Peak $3.07 Part Peak $0.106
Maximum $7.70 Off Peak $0.085 $0.13732
. Part Peak $1.04 Part Peak $0.093
Winter -
Maximum $7.70 Off Peak $0.082

Because of the time of use scale, a potential option may be to install microturbines
with capacities exceeding the digester gas potential, which would be supplemented
by natural gas. However, at the current electric rates shown in Table 7-2, it would not
be cost-effective. Figure 7-3 shows the breakeven curves between power price and
natural gas price for power production/use only (i.e. summer operation) and power
and heat production/use (winter operation). Figure 7-3 shows that at a natural gas
rate of $1.30 per therm, actual power prices need to be in excess of $0.117/kWh to
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realize an economic benefit if all the heat produced offsets natural gas purchases and
all power produced offsets purchased power from the utility (“winter” curve). If the
heat is not recovered from the turbines or effectively offsetting natural gas purchases,
then the electric rate would need to exceed $0.173/kWh to offset the cost of
purchasing natural gas to operate the microturbines (“summer” curve).

0.300

= Power Production w/o Heat Recovery
0.250 (Summer) .

Power Production w/Heat Recovery /

0.200 (Winte r)
0- 150 .........................................................................................................................................................................................................................
0.100 /
0.050
0.000

0 0.5 1 15 2 2.5
Natural Gas Rate - $/therm

Figure 7-3
Breakeven Curves for Microturbines Operation with Natural Gas
(29% electric efficiency)

Air Permit Considerations

Assembly Bill 32 requires the State of California to reduce greenhouse gas emissions
to 1990 levels by 2020. This equates to approximately a 30% reduction from “business
as usual” emission levels. The Benicia WWTP cogeneration capacity is well below the
999-kW threshold for reporting emissions to the Air Resources Board, and it is not
likely to exceed this threshold in the future.

The Western Climate Initiative is collaborating with California, six other states, and
four Canadian provinces to evaluate and implement a market-based cap and trade
program. A cap-and-trade program is one in which a government or regulatory body
first sets a limit or “cap” on the amount of emission or pollution permitted in a given
area and then allows firms or individuals to trade permits or credits in order to meet
the cap. At the same time, air quality districts throughout California are imposing
more stringent air permit regulations particularly with respect to IC engines.
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Perhaps the most stringent regulations are being promulgated by the South Coast Air
Quality Management District in southern California (covering the Los Angeles area),
where new air quality regulations are planned for 2012 that would make it more
costly to install IC engines. Oxidation catalysts and selective catalytic reduction would
potentially be required. NOx emission limits are expected to be reduced from 36 to 11
ppm, volatile organic carbon emission limits from 250 to 30 ppm, and CO emission
limits from 2,000 to 250 ppm.

If the City were to install microturbines, the WWTP would be required to update its
air permit, renewed and revised every year by BAAQMD, to operate the new sources.
Air permitting with microturbines is not expected to raise significant concerns.
However, the cost and administrative efforts involved in meeting the regulatory
requirements must be considered in evaluating implementation feasibility. For
reference, the current permit details are presented in Figures 7-4 and 7-5.

Annual Averadge lbs/day

S# Source Description PART ORG NOx  S02 co
4 Diesel Tank,Above Ground,2M gallons, 7'dia - - - - -
9 Hot Water Boiller, Digester Gas Fired - - .17 - .05
15 Hot Water Boiler and Burne, Natural Gas & .01 .01 .42 .04 .13
21 Diesel Engine: Emergency Standby, Portable - - - - -
100 Municipal Sewage Treatment Plant: 4.5 MGD - 2.47 - - -

110 Prelim Trtmt; Pumps (3@5MGD ea), Comminute - - - - -
120 Primary Trtmt; 4 Sedimentation Basins (4,8 - - - - -
130 Multi Purpose Basins, 7 (8,092 sf total) - - - - -
140 Secondary Treatment; 18 (432 sf) RRCs - - - - -
141 Secondary Treatment, Aeration Basins - - - - -
150 Secondary Clarifiers; Three 2164 Sq Ft and - - Co- - -
170 Disinfection; Chlorination + Dechlorinatio - - - - -
180 Sludge Handling, Gravity Tk Thickener (1), - - - - -
181 Sludge Handling, Belt Filter Presses (2) - - - - -
190 Anaerobic Digester, Three Fixed Cover Unit - - - - -

191 Generator Set, 1000 KW, Natural Gas Fired - .04 - - -

AlS Encloszed Flare - - - - -

Al Stand by Flare - - - - -
TOTHARAL S .02 2.53 .59 .05 .19

Figure 7-4
2009 Benicia WWTP Air Permit Data per Source

717
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** PLANT TOTALS FOR EACH EMITTED TOXIC POLLUTANT **

Pollutant Name Emissions lbs/day
Benzene .05
Perchloroethylene ' .26
Toluene .03
Trichloroethylene .18
Xylene .03
Chloroform .05
Methylene chloride .05
Dichlorobenzene .03
Hydrogen Sulfide (H2S) 12.01
Bmmonia (NH3) pollutant 85.81
Figure 7-5

2009 Benicia WWTP Air Permit Data, Plant Totals

GHG Offsets Considerations

The WWTP currently flares 85% of its biogas, discharging about 600 tons per year
(tons/yr) of CO2E from biogas combustion, although the CO; is from biogenic
(renewable) sources which are considered part of the natural carbon balance and do
not add to atmospheric concentrations of CO». Beneficially using biogas to produce
power onsite would offset PG&E’s emissions of power derived from fossil fuels.
Using PG&E'’s certified 2005 CO:E emissions factor of about 0.5 pounds per kWh,
each operating 65 kW turbine could offset about 130 tons/year (assuming 90%
availability).

Implementation Considerations

Key implementation points requiring further investigation to determine the feasibility
for potential future implementation of microturbines and power/heat production at
Benicia’s WWTP include:

m Confirm digester gas characteristics and production consistency (methane,
moisture, H>S, siloxanes, particulates);

m Develop plant energy profile (power and heat demands, natural gas and digester
gas uses);

m Confirm number and size of units;

m Identify location and installation requirements. Determine specific equipment
requirements, including gas conditioning equipment. Determine noise abatement
requirements, which must be carefully evaluated as the plant is located in a
residential neighborhood and the turbines will require noise control measures;

m Determine PG&E requirements and costs of storing and feeding power to PG&E;
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m Coordinate with BAAQMD to determine permitting impacts;

m Develop capital cost estimates considering specific requirements; develop operation
and maintenance cost and life cycle cost estimates.

m Discuss procurement methods; and
m Explore grant opportunities and partners.

In the future, the City could also consider exploring the potential for co-digestion of
organic waste, such as food waste, in the plant digesters; and utilization of the
resulting biogas to provide power. To offset initial capital costs of co-digestion
facilities, there would have to be potential for collaboration with local waste
management companies and/or disposers (e.g., restaurants, school cafeterias,
wineries, etc.) to facilitate food waste collection and processing, or financially fund the
project. Food waste would have to be collected and conveyed to the treatment plant.
The food waste would require significant pre-processing (multiple steps) to render it
suitable for anaerobic digestion in the plant’s digesters.

This option would require detailed investigations of many issues such as available
digestion capacity at the plant, amount of biowaste that may be available, strategies to
collect and convey the biowaste to the plant for treatment, pre-treatment requirements
for the biowaste prior to entering the existing treatment processes, implementation
costs, permitting requirements, and other issues such as potential odors and vector
problems. However, even with co-digestion of food wastes in place, Benicia’s
potential power production remains in the lower range at 125 to 190 kW, limiting its
options for available technologies and making it less economically feasible without
significant incentives and/or waste management partners willing to fund the project.

7.3 Impact of Climate Change and Sea Level Rise

Climate change has the potential to impact environmental resources through changes
in air temperature and precipitation patterns, potentially resulting in profound effects
on water resources from alterations to snowpack, river flows, and sea level rise. The
State of California has identified ten strategies to adapt to climate change, including
reduction in GHG emissions from water and wastewater plants, and aggressively
increasing water use efficiency and reuse. Benicia’'s WWTP is already addressing both
strategies through its continued sustainability efforts. This section discusses the
potential impact of sea level rise on Benicia’s WWTP, which is located near the
Carquinez Strait.

Overall, climate change and the resulting rise in sea level are likely to threaten
buildings, roads, underground infrastructure, and power lines, while the degree of
impact will vary from region to region. A rise in sea level is already occurring in
California, with a 3- to 8-inch increase over the last century. As sea level continues to
rise, there is anticipated to be an increased rate of extreme high sea level events,
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which can occur when high tides coincide with winter storms and can be exacerbated
by El Nino occurrences. 7

7.3.1 TDS Intrusion

Total dissolved solids (TDS) may hinder sludge settling and overall plant
performance. In general, the hydraulic levels set by the effluent pump station weir
would stop any direct TDS intrusion to the wastewater plant processes from sea level
rise, unless water levels were high enough to submerge the plant. There may be some
potential for TDS intrusion through the collection system’s transmission lines. In the
long term, if TDS intrusion is found to occur, the City may have to consider biological
sludge removal via separation methods other than secondary clarification, such as a
membrane bioreactor which does not rely on settling.

7.3.2 Sea-Level Rise Projections and Benicia WWTP

The California Climate Action Team projects that the sea level will rise from 20 to 55
inches (1.67 to 4.6 feet) by the year 2100. Maps available from the San Francisco Bay
Conservation and Development Commission (BCDC) show that Benicia’'s WWTP sits
within an area projected to have a 16-inch (1.3 feet) sea level rise by mid-century 2050,
as presented in Figure 7-6.

In addition, the latest projections by the Pacific Institute 8 state that, “Under medium
to medium-high greenhouse-gas emissions scenarios, mean sea level along the
California coast is projected to rise from 1.0 to 1.4 meters (39 to 55 inches or 3.2 to 4.6
feet) by the year 2100,” while the mid-century projections show mean sea level rise of
0.5 meters (20 inches or 1.67 feet), which is higher than the levels projected by the
BCDC. The projections from the Pacific Institute presented in Figure 7-7, show that
Benicia’s WWTP (marked with a pin on Figure 7-7) is at potential future risk within
the 100-year flood zone area, based on a 1.4 meter sea-level rise scenario.

For the City’s current long-term planning horizon, the current data suggests mean sea
level rise of approximately 16 to 20 inches (1.3 to 1.67 feet) may occur by mid-century
in 2050.

7 Climate change and water resources management - A federal perspective: U.S. Geological
Survey Circular 1331, 65 pl, Brekke, L.D., Kiang, J.E., Olsen, J.R., Pulwarty, R.S., Raff, D.A.,
Turnipseed, D.P., Webb, R.S., and White, K.D., June 2009.

8 The Impact of Sea-Level Rise on the California Coast, California Climate Change Center,
Heberger, M., Cooley, H., Herrera, P., Gleick, P.H., and Moore, E., of the Pacific Institute,
May 2009.
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The Pacific Institute Projection of Sea Level Rise by Year 2050

According to the plant design drawings from the 2003 WWTP Wet Weather
Improvements Project, the design sea level elevations are: Mean Sea Level of
elevation 102.5, a Mean Higher High Water (MHHW) level at elevation 105.90, and a
High High Water Level (HHW) at elevation 109.0. The HHW elevation is the higher
of the two high tides on any single day over a considerable period of time, typically at
least 19-years. The MHHW is the average of HHW elevations over the data period.

The plant design drawings from the 2003 WWTP Wet Weather Improvements Project
show that process tanks (primaries, aeration basins, clarifiers, disinfection) have top
elevations exceeding 110.0 10. The WWTP site is bounded by a sheet piling sea wall,
constructed as part of the 1998 plant improvements. The 1998 drawings indicate a top
sea wall elevation of at least 6 feet above grade, which would indicate a top wall
elevation varying from about 111 to 113 feet.

A mean sea level rise of 16 to 20 inches (1.3 to 1.67 feet) in the medium/long term
(2050 to 2100) would bring the future HHW to elevation 110.3 to 110.67. This
approach assumes that all tide datum, e.g., mean high tide and flood elevations, will

9 Vertical datum - WWTP Project elevation 100 equals USC and GS North American 1929 sea
level datum with supplementary adjustment of June 1959. WWTP drawing elevations are
99.3 feet higher than City of Benicia elevation.

10 No specific elevation is called out on the 2003 Inflow and Infiltration Improvement Project’s
Hydraulic Profile Drawings G-5 and G-6; elevation 110 taken from scale on hydraulic
profile.
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increase by the same amount as mean sea level. With this future increase, the HHW
elevation would be near the top of the existing sea wall and existing structures.

The impact of potential sea-level rise should be included as a factor in future planning
for major asset rehabilitation and design of WWTP improvements. Adaptive
strategies to reduce the risk of flooding should be designed into rehabilitation or
upgrades based on detailed site analyses and continued monitoring of information on
sea level changes. Sea-level rise literature should be reviewed every five years to
determine if changes are needed to the WWTP’s planning approach. The City should
maintain up-to-date records of WWTP facility and site elevations, and monitor TDS
concentrations in WWTP influent.

7.4 Summary of Water Reuse Efforts

In 2004, Benicia and the nearby Valero Refinery entered into a partnership to develop
a recycled water project to supply cooling tower make-up water. The recycled water
would offset an equal amount of raw water, thus increasing the reliability of the City’s
potable supply. The overall goal between the City and Valero was that a water reuse
project could be developed to produce a minimum of 1 mgd of recycled water within
a target budget of $15 million. Monthly average effluent quality discharge
requirements are 30 milligrams per liter (mg/L) biological oxygen demand and 30
mg/L suspended solids.

The City’s WWTP is permitted for an average dry weather flow of up to 4.5 mgd. The
plant provides secondary treatment by the activated sludge process and discharges its
effluent to the Carquinez Strait. The proposed water reuse project was planned to
deliver up to 2 mgd of high purity recycled water to the refinery, which is
approximately three miles north of the City’s WWTP.

Valero established strict water quality objectives for the recycled water, primarily
relating to ammonia, silica, chloride, and TDS. Table 7-3 presents the secondary
effluent constituents of concern and the limits required by Valero.

Table 7-3
Comparison of Key Secondary Effluent Quality Parameters
and Valero Recycled Water Quality Limits
Parameter Benicia E_ffluent Valer_o Co_ol_ing Water
Water Quality (mg/L) Quality Limits (mg/L)
Ammonia 30 <0.2
Bicarbonate 190 104
Chloride 120 20
Phosphate 2 3
Silica 22 17
Hardness 130 <200
TDS 650 250
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Computer simulation models of alternative partial demineralization schemes were
run to determine the most cost-effective system that could process the City’s effluent
to meet the cooling water quality objectives. The results of the computer simulation
analysis were that only microfiltration followed by reverse osmosis (RO) with a 15%
blend would meet all the requirements except for ammonia. The RO brine would be
discharged through the WWTP’s outfall. Nitrifying trickling filters were selected as
the biological nitrification process and ultraviolet light was selected as the process
alternative for disinfection. The conveyance system would consist of a 2.0 mgd high-
lift pump station at the WWTP, 2,000 ft of buried pipe, and approximately 12,000 feet
of pipe constructed on the Valero sleeper frames, and a storage facility at the refinery.

Project cost estimates provided to the City by CDM during early 2005 were
approximately $15 million. During 2006, it was becoming apparent that commodity
prices and construction bid prices, particularly for complex public works projects
such as the proposed Water Reuse Project, were escalating rapidly. In mid-2007, CDM
updated the estimated project cost to approximately $30 million, not including
additional escalation to the project time of construction, for a 2 mgd project. A 1 mgd
project was estimated to cost approximately $20 million. Due to the large increase in
projected project costs, Valero and the City agreed to put the project on hold, also
allowing the City time to seek additional funding from the state and other potential
sources.



Section 8
Sludge Disposal and Treatment Options

This section describes the City’s current solids treatment and disposal methods for
sludge generated at the wastewater treatment plant, and the evaluation of sludge
disposal alternatives and treatment options.

8.1 Summary of Key Findings

This section presents some planning-level options the City can consider to be
prepared for future market or regulatory changes related to the disposal of its solids,
to provide more flexibility in terms of solid disposal, and to meet sustainable
operation goals. The findings are intended to guide future planning efforts.

Disposal alternatives were evaluated, as well as options for solids treatment upgrades
that would reduce solids disposal volume and/or produce Class A biosolids.
Reducing the output of biosolids decreases hauling and landfill costs and operational
GHG emissions. Producing Class A biosolids can provide additional long-term
flexibility for disposal.

Relatively speaking, the City has a modest biosolids production. For the near-term
timeframe, the current disposal method of landfilling appears to remain the most
feasible disposal option. There are relatively minor and low cost modifications of the
current solids treatment processes, which could help meet the City’s CAP goals for
reduction of GHG emissions. For the long-term, there are more capital intensive
options that would provide greater reductions and increased disposal flexibility. In
the meantime, the City should continue to monitor the evolving regulatory
environment, and conduct more detailed investigations of potential long-term
improvements.

Landfilling appears to be the most feasible and cost effective solids disposal method
for the City to continue for the near-term planning horizon. Landfilling can include
beneficial use of the solids as alternative daily cover (ADC) or other uses at the
landfill, as needed by landfill operations. There are currently three relatively close
local landfills able to accept the City’s Class B biosolids: Hay Road Landfill, Keller
Canyon Land(fill, and Potrero Hills Landfill.

m Hay Road Land(fill (currently used by the City) located 37 miles from WWTP in
Solano County, beneficially reuses biosolids as ADC and other uses (e.g., City
sludge is used for its liner operations layer); and has an anticipated closure date of
2077 (67 years remaining life).

m Keller Canyon Landfill, located 15 miles from the WWTP in Contra Costa County,
is currently seeking regulatory approval to allow use of biosolids as ADC; and has
an anticipated closure date of 2050 (40 years remaining life).
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m Potrero Hills Landfill, located 26 miles from the WWTP in Solano County, will
reach its current permitted capacity in less than 5 years. A proposed expansion had
been stalled for 5 years due to legal challenges during the environmental review.
However, the court ruled in late 2009 to certify the environmental document; and
the expansion permit process is well underway. The landfill owner anticipates that
all remaining permits will be obtained in 2011 to allow the expansion to proceed.
When the expansion receives final approval to proceed, this will give the City a
third local disposal option. After its expansion, the landfill will have a life
expectancy of 35 years.

As discussed in more detail in Section 8.3, there is a 2007 Solano County Chapter 25
ordinance on land application, which is defined as the placement of biosolids on
agricultural land or reclamation sites intended to support vegetative growth. The
ordinance includes a prohibition that after October 15, 2012, Class B biosolids may
only be land applied provided the generator is individually or as part of a consortium
having a portion of their biosolids produced as Class A Exceptional Quality biosolids,
converting biosolids to energy, or otherwise diverting Class B biosolids away from
land spreading or landfilling (as waste or as ADC). Since Benicia does not land apply
its biosolids, it appears this clause is not directly applicable to the City. The landfills
discussed above can accept Class B biosolids for beneficial reuse as ADC (or
operations layer liner) and/or disposal according to their permit conditions.

Due to the City’s relatively modest solids production and the proximity of local
landfills, the cost of hauling and the related GHG emissions due to hauling are also
relatively low. As noted below, a simple and low cost modification of the current
sludge treatment process to include co-thickening could help the City reduce GHG
emissions as called for in the City’s CAP.

In the future, the City could also consider participation in the future regional solids to
energy disposal facility, which would accept Class B biosolids as fuel for energy
production. The feasibility of participation in the regional facility would depend on
whether its selected location is relatively close compared with available landfills, the
specific requirements for future participation, potential future restrictions on
landfilling; and City policy decisions regarding participation as a sustainability
measure.

At this time, the other disposal alternatives evaluated (composting, incineration and
land application) do not appear as feasible for the City due to increasing regulatory
requirements/ restrictions, and market considerations. There is increasing public
concern due to perceived public health issues over land application options; although
options are greater for Class A biosolids. Incineration is highly impacted by air
quality concerns and restrictions. Composting would require a local composting
facility and a reliable market for compost produced. These other disposal alternatives
could be re-evaluated in the future if conditions change.
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Options for solids treatment upgrades were evaluated that could reduce biosolids
production and/or produce Class A biosolids. Three treatment alternatives were
identified as feasible for further consideration that would require a relatively minor
capital investment. These alternatives offer some volume reduction, although do not
produce Class A solids. The alternatives include: co-thickening; series digestion; and
retrofit (conversion) of the existing belt filter press from 8 rollers to 12 rollers.

Of these three options, co-thickening would provide the most benefits for GHG
emission reductions at low cost. This option involves co-thickening of primary sludge
and scum with waste activated sludge. It is low cost as it involves adding a valve to
the existing treatment process and utilizing existing facilities. Implementing this
option would provide a small increase in solids concentration thereby lowering the
sludge volume and resulting truck trips. With an average increase in solids
concentration of 1.5%, the reduction in GHG emissions is estimated at 8.8%, which
would substantially meet the CAP reduction goal of 9%. Series digestion, another low
cost option, could be implemented simultaneously with co-thickening. This option
involves heating Digester 2, in addition to Digester 3, to increase operational
temperatures and operating additional existing recirculation pumps. Retrofit of the
existing belt filter press from 8 rollers to 12 rollers would be more costly and require
detailed investigation of the existing equipment to determine the feasibility of adding
more rollers.

A fourth treatment option to add an on-site drying unit is considered a potential long-
term upgrade. It would require a large capital investment, and add another process
that would increase operation and maintenance efforts. However, it would provide
the greatest flexibility for future solids disposal, as it would significantly reduce the
solids volume requiring disposal and also produce Class A biosolids. The drying
option would probably produce Exceptional Quality Class A biosolids; however, this
would require further investigation to confirm the heavy metals content. One
drawback to the drying option is that it would produce a pelletized product, which
may not be acceptable to local landfills for beneficial reuse.

Detailed investigation would be required subsequent to the master plan to determine
the specific requirements for implementing this option and whether the sludge drying
equipment could be housed in the existing solids dewatering building, or if an
additional building/shelter would be required on-site. As the City has other viable
options for the near-term, this option could be considered for potential long-term
implementation, depending on future needs.

8.2 Current Solids Treatment and Disposal Methods

Below is an overview of WWTP status and loads, current solids treatment processes,
current performance of the existing solids handling facilities, and current solids
disposal methods and related emissions.
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8.2.1 Overview of WWTP Status and Loads

The Benicia WWTP is located on the south end of the City at the intersection of East
Fifth Street and East G Street in a residential area. In 1998, the City undertook a large
upgrade to increase the reliable capacity of the liquid and solid stream processes. The
major plant upgrades included the addition of aeration basins, a secondary clarifier, a
third digester, a dissolved air floatation thickener (DAFT), stormwater handling
facilities, and a flood protection wall. In 2003, further upgrades to address I/1 events
were made to the headworks, a wet weather screening structure/bypass system as
added, and the effluent pump station was improved.

The 1998 expansion was designed to accommodate a sewered population of 31,750.
The buildout population in the collection system service area is estimated at 30,100 by
year 2035. Below is a population estimate summary:

Population Estimates
from City’s 2010 Urban Water Management Plan
Year 2010 Year 2015 Year 2020 Year 2025 Year 2030 Year 2035
28,086 28,504 28,929 29,360 29,800 30,100

The City’s current NPDES permit for the WWTP specifies that the average dry
weather flow shall not exceed 4.5 mgd. According to the NPDES permit, the average
dry weather values are defined as the average over the three consecutive lowest
months. Currently, average dry weather effluent discharge flow at the plant averages
about 2 mgd; while the average dry weather influent flows, including plant process
recycle flow, averages about 3 mgd.

Table 8-1 shows the design criteria for the 1998 WWTP Improvement Project
(obtained from Drawing G-4 of the 1998 improvement plans) for flow, biological
oxygen demand (BOD), and total suspended solids (TSS). The 1998 design values
shown in Table 8-1 are influent flows, including plant recycle flow. The 1998 design
was based on the average day maximum month flow and loadings. The 1998 average
day maximum month values were derived using ratios of average day maximum
month to average dry weather values. The 1998 average dry weather values and
average day maximum month ratios were based on historic data (1983 through 1993).

Table 8-1 also shows current and projected plant flows and BOD and TSS loads, for
comparison with the 1998 criteria. Current information is derived from recent historic
data for years 2007 through 2009, obtained from the City’s monthly spreadsheets of
daily WWTP process data (under the Influent heading which include plant recycle
flows). Current average dry weather values are the average of the three consecutive
lowest months over the 3-year period. The ratios of average day maximum to average
dry weather are estimated from the average of the highest months over the 3-year
period. Projected flows and loads are estimated using the per capita values shown in
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Table 8-1, which are derived from the current data. Future per capita values are

assumed to be the same as current.

As indicated in Table 8-1, the 1998 design population is higher than the projected
buildout population. However, the current and projected flows and loadings for BOD
and TSS in the influent flow (including plant process recycle flow) are somewhat
higher than the 1998 criteria. The conceptual-level information in Table 8-1 on current
and projected flows and loads are based on a limited amount of recent data, and
straight interpolations. More detailed evaluation of flows and loads would be needed
prior to undertaking changes to existing solids handling processes.

Table 8-1

Benicia WWTP Flows and Loads
(for Influent Flows including Plant Recycle Flow)

Parameter 1998 Design — Current © Buildout ®
After Project @
Population 31,750 28,100 30,100
Flow
Average Day Maximum Month Flow, mgd 4.37 4.44 4.76
Per capita , gallons per capita per day (gpcd) 138 158 158
Average Dry Weather Flow (3 consecutive lowest months), mgd 3.03 3.09 3.31
Per capita, gpcd ¥ 95 110 110
Ratio of Average Day Maximum Month to Average Dry Flow 1.44 1.44 1.44
BOD
Average Day Maximum Month BOD, Ib/da 8,282 8,930 9,572
Per capita, lbs BOD/capita per day (ppcd) 0.26 0.32 0.32
Average Dry Weather BOD Load (3 consecutive lowest months), Ib/day 5,792 6,284 6,741
Per capita, ppcd 0.18 0.22 0.22
Ratio of Average Day Maximum Month to Average Dry Load 1.43 1.42 1.42
TSS
Average Day Maximum Month TSS, Ib/da; 9,085 11,096 11,890
Per capita, lbs TSS/capita per day (ppcd) 0.29 0.40 0.40
Average Dry Weather TSS Load (3 consecutive lowest months), Ib/da 5,861 7,164 7,671
Per capita, ppcd 0.19 0.26 0.26
Ratio of Average Day Maximum Month to Average Dry Load 1.55 1.55 1.55
Final Disposal
Dry metric tons/year N/A 337 365©
Solids Content, percent N/A 16t0 17% Discussed in
Loads (Trucks) per year N/A 328 this report

) 1998 Design Criteria obtained from Drawing G-4 of 1998 WWTP Improvement Project. The 1998 design values are for influent flows,
including plant recycle flows. The 1995 WWTP Implementation Plan indicated that the average day maximum month (ADMM) values were
estimated using the average dry weather flow (ADW), which is defined as the average over the three consecutive lowest months. Ratios of
ADMM to ADW flows and loads derived from historic data were used to estimate ADMM values from the historic ADW values. The 1998
ratios of ADMM Flow to ADW Flow = 1.44; ADMM Load for BOD to ADW Load = 1.43; ADMM Load for TSS to ADW Load = 1.55.

@ Current flow, BOD, and TSS values are the average of monthly data for years 2007, 2008 and 2009. The averages were derived from
historic data obtained from monthly spreadsheets (Excel) of daily WWTP data provided by the City. The flow, BOD and TSS values used
were taken from the “Process Data” worksheet under the “Influent” heading, which include plant recycle flow. Current average dry weather
values are the average of the three consecutive lowest months over the 3-year period. The ratios of average day maximum to average dry
weather are estimated from the average of the highest months over the 3-year period. The average dry weather effluent (discharge) flows
from the plant average about 2 mgd (effluent flow is typically lower than influent flow by 0.6 to 1 mgd, and was 1.2 mgd lower in 2010).

® Buildout population is from the 2010 Urban Water Management Plan update. Buildout flows and loadings estimated based on the current

per capita values shown in the table.

“ calculated per capita values using population and flow or loading data shown in table.

® Average from 2007 and 2008 Biosolids annual reports.

© solids calculated using projected buildout population growth ratio of 7. 2%, assuming similar plant operation as current.
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8.2.2 Current Solids Treatment Process

Figure 8-1 illustrates the current solids treatment process at the City’s WWTP.
Primary sludge and thickened waste activated sludge are anaerobically digested.
Scum from the primary clarifiers is also directed to anaerobic digestion. An existing
gravity thickener for primary sludge thickening is available, but not used. Primary
sludge and scum are fed directly to Digester No. 3, which acts as the primary digester.
Waste activated sludge from the aeration basins is sent to a DAFT, and then pumped
to Digester No. 3.

The RBCs are only used if wet weather flows exceed 8 mgd through the activated
sludge process, when the operations staff sends any excess primary effluent to either
the RBCs (up to 10 mgd) and/or to multipurpose basins for equalization, depending
upon storm conditions. Small amounts of primary effluent are fed to the RBC system
to seed the contactors from November through February, as a precaution to prepare
for wet weather flows during extreme events, with the water returned to the
headworks every day for treatment and very little solids generation.

Digester No. 3 is mixed and heated to 95°F to maintain a mesophilic bacterial
population. Feed streams enter Digester No. 3, displace liquid volume inside the
digester and cause an overflow to Digester No. 2. Digester No. 2 is mixed but not
heated. A third digester, identical to Digester No. 2, is filled with water and
maintained as a standby.

Sludge from Digester No. 2 is drawn down daily to a level of 18 feet over a 2- to 3-
hour period. This sludge is transferred to the belt filter press for dewatering. Belt
press dewatered cake is routinely between 16% to 17% dry solids. The dewatered
biosolids are hauled off site to the Hay Road landfill in Solano County, 37 miles away.

According to the NPDES permit for the WWTP, sludge that is disposed of in a
municipal solid waste landfill must meet the requirements of 40 CFR Part 258, which
is the City’s current disposal method. The City’s annual self-monitoring report must
include the amount of sludge disposed of and the landfill(s) to which it was sent. The
City’s existing sludge treatment processes produce Class B biosolids according to 40
CFR Part 503 requirements which regulate land application, disposal at a dedicated
sludge-only disposal site, or incineration.

8.2.3 Current Performance of Existing Solids Handling Facilities

City staff indicates that the currently used sludge handling facilities operate well.
Most equipment and processes are relatively new or have been recently rebuilt or
refurbished. Facilities currently have excess capacity from previous plant upgrades.
This puts Benicia in an excellent operational position and allows the City to
proactively evaluate advanced solids treatment and disposal options.
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Tables 8-2 and 8-3 summarize sludge characteristics and performance of Benicia’s
solids processing systems and units, as determined using data from the City’s
monthly reports as well as conversations with City staff.

Table 8-2

Existing Sludge Stream Characteristics

Solid Stream Existing | Notes
Primary Sludge
Average flow, gpd 9,600 Based on 4 pumps of 50 gpm each operating 2
minutes per hour
Total solids, mg/L 19,200 Based on average of monthly reports for 2007-2009
Primary Scum
Flow, gpd 1,500 Based on 1 pump of 50 gpm operating 30 minutes per
day
Total solids, mg/L 3,000 No data available; estimate
Waste Activated Sludge
Flow, gpd 49,000 Based on 1 pump averaging 34 gpm operating 24
hours per day
Total solids, mg/L 4,886 Based on average of monthly reports for 2007 - 2009
Table 8-3

Solids Handling Processes Characteristics and Performances

Unit Process Information Notes
Gravity Thickener
No. of Units 1 Unused; thickening is accomplished using DAFT
thickening.
Dissolved Air Flotation Thickening
No. of Units 1 Current capacity: based on Design Criteria
Solids capture 95% solids loading rate, greater % available based on
Current capacity, percent of available 42% hydraulic loading capacity.
Percent solids 3.3104.6% 2008-2009 average = 3.9%
Anaerobic Digestion
Digester No. 3
No of Units 1
Volume, MG 0.36
Type Steel, fixed cover
Operating Temperature, F 95 Heated via biogas-fired boilers.
Boiler capacity, MMBTU 1,150
Mixing Pumped
Digester No. 2
No of Units 1
Volume, MG 0.22
Type Steel, fixed cover
Operating Temperature, F <85 Temperature allowed to drop (e.g. not heated).
Boiler capacity, MMBTU 1,150
Mixing Pumped
Digester No. 1
No of Units 1 Maintained as standby with water.
Volume, MG 0.22
Type Steel, fixed cover
Operating Temperature, F ambient
Boiler capacity, MMBTU 1,500
Mixing Pumped
Digested solids
Percent solids 1.5% Based on 2007-2009 average of monthly

Biogas use

Boilers and Flare

reports.
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Table 8-3
Solids Handling Processes Characteristics and Performances
Unit Process Information Notes
Belt Filter Press Dewatering
No. of Units 2 Primary unit is 1.5 m press, standby unitis a 1.0
m press.
Solids capture 95%
Current capacity| Operated only 2 to 3
hours/day
Percent solids 15 to 18% 2008-2009 average about 17%.

8.2.4 Current Solids Disposal and Related Emissions

Recent solids hauling reports indicate a hauling frequency of about 0.9 trucks per day
to the landfill. Table 8-4 summarizes the estimated current emissions from biosolids
hauling to Hay Road Landfill. The current annual carbon dioxide emissions from
hauling biosolids to the landfill amounts to about 40 tons per year, using a diesel fuel
efficiency of 6.6 miles per gallons and CO; emissions of 21.96 Ibs per gallon for heavy
duty trucks. In the context of overall City operations, emissions from biosolids
transport make a relatively small contribution.

Table 8-4
Current Emissions from Biosolids Hauling o

Item Units Value
Average Net Load Ibs sludge/load 13,394
Hauling frequency loads/day 0.90
Dry solids content percent 16.7%
CO; emissions factor Ibs CO/gal diesel 21.96 @
Heavy Truck Rating miles/gal 6.6
COgz/miles Ibs COz/mile 3.33
Benicia WWTP to Hay Road Landfill miles 74
(roundtrip)
CO; emissions per Load Ibs COy/load 246
Current emissions per year — hauling only Ibs CO,lyear 80,810%
Current emissions per year — hauling only tons COylyear 40
Current hauling cost (at $45/ton) $lyear ~$100,000)

@ Information in this table is based on 2008 and 2009 sludge hauling data obtained from the City.
@ California CARB reporting rule, Appendix A, Table 7, for low sulfur diesel

(http://www.arb.ca.gov/regact/2007/ghg2007/frofinoal.pdf)

® International Council on Clean Transportation, www.thelCC.org, for Class 8 heavy-duty trucks.

“ Methane and nitrous oxide emissions, typically 0.0051 and 0.0048 g per miles, respectively, for heavy
duty trucks, are neglected for this evaluation. The global warming potential of methane and nitrous
oxide are 21 and 310 Carbon Dioxide Equivalent (CO2e), respectively.

©) 13,394 Ibs sludge per load = 6.7 tons per load; at an average 0.90 load per day, this yields

(6.7*0.9*365*$45/ton=$99,000/year).

8.3 Disposal Alternatives

The City currently disposes of its Class B biosolids through landfilling at the Hay
Road facility in Solano County. This section discusses alternative disposal methods
that the City could consider to provide future disposal flexibility, some of which may
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require changes in the current treatment processes. This section discusses the
following disposal alternatives:

m Landfilling

Future Regional Biosolids to Energy Facility

Land Application

Composting

Incineration

8.3.1 Landfilling

The current practice of landfilling biosolids is not unique to Benicia and still fairly
common in the U.S. However the practice is decreasing in California, where
approximately 18% of all biosolids generated statewide are landfilled. According to a
recent report on “Bay Area Biosolids Management” prepared for the Bay Area Clean
Water Agencies (BACWA) by M Cubed in September 2009, about 50 percent of
biosolids generated in the Bay Area are used for ADC at landfills, and another 10
percent are disposed of at landfills. The BACWA report strongly supports the
beneficial reuse of biosolids as ADC, as well as for land application and other reuse
alternatives which are discussed below.

While the nutrient value and most of the fuel value of biosolids materials are
considered wasted through landfilling, there are benefits in using biosolids as ADC
for municipal waste. Landfill daily cover limits surface infiltration (e.g. leachate
generation) and provides a medium that favors both the breakdown of the landfill
material and can oxidize up to 20% of the uncollected methane gas to carbon dioxide
(Chanton et al. (2009), U.S. EPA (1999)). Use of biosolids as ADC is recognized as a
beneficial reuse of biosolids, resulting in “diversion credits” for the source agency.
However, according to Title 27 § 20690, only 25 percent of a landfill’s daily cover can
be comprised of biosolids. Depending on the amount of daily cover, some facilities
cannot use all of the biosolids they receive as ADC, and only the fraction that they use
can qualify for diversion credits.

Some landfills in California accept Class B biosolids for use as ADC, including Hay
Road Landfill in Solano County, Potrero Hills Landfill in Solano County, Redwood
Sanitary Landfill in Marin County, and Johnson Canyon Landfill in Monterey County.
A few landfills require Class A biosolids with solids content of no less than 50%, such
as Forward Landfill in San Joaquin County, OX Mountain Sanitary Landfill in San
Mateo County, and L&D Landfill in Sacramento County. These landfills have
reportedly large on-going capacities; but would only be an option if Benicia’s solids
are heat dried.

In past years, Benicia’s biosolids were sent for use as ADC (or other approved
beneficial uses) to the Potrero Hills Landfill (about 26 miles from the WWTP). The
City currently sends its biosolids to Hay Road Landfill (about 37 miles from the
WWTP), for beneficial reuse as landfill operations layer liner.
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In general, landfill availability gets more limited over time. However, with respect to
landfill proximity and capacity, Benicia appears to have good local options for the
foreseeable future for disposal of biosolids in what is considered a beneficial manner,
as discussed below for three close landfills. Landfill disposal is currently the most cost
effective option.

The 2007 Solano County Chapter 25 ordinance regarding land application of biosolids
is discussed below in Section 8.3.3 Land Application. The ordinance defines land
application or landspreading as the placement of biosolids on agricultural land or
reclamation sites intended to support vegetative growth. The Solano County
ordinance, as stated in its purpose, seeks to “promote the development and
implementation of other methods of reuse of biosolids, including conversion to
energy, in place of land application or land filling of Class B solids”. This goal is only
addressed in the current ordinance by the following statement included under Section
25-400 (c) Prohibitions: “After October 15, 2012, Class B biosolids may only be land
applied provided that the generator of the Class B biosolids is individually or as part
of a consortium having a portion of their biosolids produced as Class A Exceptional
Quality biosolids, converting biosolids to energy, or otherwise diverting Class B
biosolids away from land spreading or landfilling (as waste or as Alternative Daily
Cover).” Since Benicia does not land apply its biosolids, it appears this clause is not
directly applicable to the City. The landfills discussed below can accept Class B
biosolids for use as ADC and/or disposal according to their permit conditions.

Hay Road Land(fill, where the City currently hauls its biosolids, beneficially reuses
biosolids as ADC, or for its liner operations layer as is currently done with the City’s
biosolids. According to its 2008 Solid Waste Facilities Permit, Hay Road Landfill has
an anticipated closure date of 2077, so has 67 years of remaining life. This location
could be a viable disposal location for the City for many years.

Keller Canyon Landfill in Contra Costa County is the shortest distance from the
WWTP, about 15 miles away. It has an anticipated closure date of 2050, so has 40
years of remaining life, according to its 2009 Solid Waste Facilities Permit. The landfill
is currently working with the Water Board on allowing beneficial reuse of biosolids
(e.g., as ADC), with a timeline for approval of about 18 months.

Potrero Hills Landfill is expected to reach its current permitted capacity in about 4 to
5 years, unless it gets expansion approval. The planned expansion would quadruple
the size of the landfill and extend its life by 35 years. If expanded, this would provide
a third good local landfill option for Benicia, and is about 10 miles closer than the Hay
Road Landfill, although 10 miles farther than Keller Canyon. The City should monitor
progress in obtaining final approvals for the expansion and implementing the project.

The Potrero Hills expansion project had been delayed for 5 years due to legal
challenges to its Environmental Impact Report. In November 2009, the Solano County
Superior Court ruled to certify the County-approved Environmental Impact Report
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(EIR). With certification of the EIR, the landfill owner is moving forward to obtain
required permit approvals. Project opponents have appealed the court decision to
certify the Potrero Hills Expansion EIR; however, the decision still stands, which
allows regulatory agencies to move forward with the permitting process. There are
appeals still pending; however, the landfill expansion has already received some key
permit approvals as noted below and the remaining permit approvals are well
underway.

Permits for the Potrero Hills Landfill expansion were issued in late 2010 by the Bay
Conservation and Development Commission (Suisun Marsh) and the Bay Area Air
Quality Management District. Permits are currently in the process of approval by the
San Francisco Bay Regional Water Quality Control Board, a Streambed Alteration
Agreement by the California Department of Fish and Game for the U.S. Army Corps
of Engineers, and final approval by Solano County and the State. It is anticipated that
all permits for the expansion should be in place by the end of 2011; including
approval from the solid waste regulatory board for the expansion.

8.3.2 Future Regional Facility (Bay Area Biosolids to Energy
Project)

Sixteen Bay Area agencies have formed a Coalition to capture the energy within
biosolids on a regional scale, identified as the Bay Area Biosolids to Energy project
(www .bayareabiosolids.com). Coalition member agencies currently include: San
Francisco Public Utilities Commission, City of Burlingame, City of Livermore, City of
Richmond, North San Mateo County Sanitation District, West County Wastewater
District, Central Marin Sanitation Agency, Delta Diablo Sanitation District, Dublin San
Ramon Services District, Fairfield-Suisun Sewer District, [ronhouse Sanitary District,
Sausalito Marin City Sanitary District, South Bayside System Authority, Union
Sanitary District, City of Millbrae, and Vallejo Sanitation District. The Coalition may
increase or decrease in membership as the project develops.

Most of the participating agencies presently utilize a combination of hauling biosolids
for land application and/or alternative daily cover at landfills. The agencies are
exploring opportunities to diversify biosolids management options with the
development of a regional facility that will use biosolids and other biofuels to
generate renewable energy. The regional facility would provide a sustainable
alternative to use biosolids as landfill cover and as soil amendment, if regulation of
these practices becomes increasingly restrictive in the future.

Biosolids contain latent energy that can be harnessed via capture and combustion of
methane gas or via direct combustion. The conversion process involves heating the
material to break down the solids and create gases that are converted to energy.
Converting biosolids to energy relies on technologies including pyrolysis, gasification,
reverse steam, fluidized bed reactor and arc plasma. Incineration (thermal oxidation)
is not under consideration as a potential technology for the regional facility.
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At the end of May 2010, based on a qualification process, the Coalition selected three
potential design-build-operate teams to proceed to a Request for Proposals (RFP)
phase. The Coalition is currently in the process of establishing a governance structure
prior to issuance of an RFP; there is no firm timeline for RFP issuance. Once issued,
the RFP process is anticipated to take at least 6 to 12 months. A design-build-operate
firm would be selected based on the outcome of the proposal phase. Start up of the
facilities is anticipated within four years of a project agreement (e.g., likely in the 2020
timeframe or later). The facilities would be accepting Class B biosolids having 14 to
30% solids content. The facilities must be located no more than 160 miles from the
City of San Francisco, within the nine-county Bay Area.

Costs for this alternative would be significantly higher than the City’s current
disposal costs. According to the September 2009 BACWA report, the conceptual
planning-level cost for this option is in the range of $70 to $120 per wet ton just for the
facility cost. In addition, each participating agency would be responsible for pre-
processing and hauling costs. The hauling costs would depend on the selected facility
location. For comparison, the City currently pays about $45 per ton for sludge hauling
and landfill disposal.

In addition, the GHG emissions for this alternative would be higher than the City’s
current landfill disposal method. GHG emissions would occur from both the
conversion technologies at the facility and from transportation from the generator to
the facility. According to the September 2009 BACWA report, GHG emissions from
the proposed biosolids to energy facility would be higher than from landfill beneficial
re-use or land application management (although somewhat lower than from a
regional composting facility and much lower than from a regional thermal dryer
facility). It is anticipated that GHG emissions would increase for the City’s transport
of biosolids to a regional facility location, which is as yet undetermined but could be
up to 160 miles from the City of San Francisco. Currently the City’s hauling distance
to the Hay Road Landfill is 37 miles, and there are closer landfills that could
potentially be used.

At this point, Benicia is not part of the Coalition. The City has relatively modest
biosolids production, which could be further reduced by adding a sludge drying
process, and two close local landfills that appear feasible for the near-term planning
horizon. The future regional facility is a potential long-term alternative that should be
monitored by the City to determine if participation would be beneficial. The
feasibility of participation in the regional facility would depend on whether its
selected location is relatively close compared with available landfills, the specific
requirements for future participation, and potential future restrictions on landfilling.

8.3.3 Land Application

According to the California Integrated Waste Management Board (CIWMB), land
application is currently the primary way biosolids are used in California (54 percent
of biosolids statewide) and is also the most controversial due to growing public
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concerns. Biosolids are used to enrich nutrient-depleted and/or barren soil with
essential nutrients that, because they are organically bound, are released gradually to
plants. Traditionally, land application programs are implemented on large tracts of
agricultural or public lands. According to the September 2009 BACWA report,
beneficial reuse by land application accounts for about 20 percent of the biosolids
generated in the largely urban Bay Area; while about 50 percent are reused as landfill
ADC.

While both Class B and Class A biosolids may currently be land applied; there are
different requirements for each class with respect to allowable sites and monitoring.
Class A biosolids receive more treatment to reduce pathogens below detectible levels
and provide more flexibility for land application, a trend which is likely to continue or
intensify in the future. Exceptional Quality (EQ) Class A biosolids, which provide the
most flexibility and have the least restrictions on use, must also have low levels of
heavy metal content and not attract vectors.

Concerns about the land application of biosolids have been expressed by members of
the general public regarding potential health effects related to such application. Some
of the specific concerns include the presence of pathogens, heavy metals, and other
chemical constituents in biosolids, and odors in areas where land application occurs.
Responding to these concerns, the National Research Council (NRC) evaluated the
safety of current regulations (Part 503 rule) and concluded after 18 months of study
that there was no documented scientific evidence that the federal rule has failed to
protect public health. The NRC observed that “persistent uncertainties” regarding the
safety of land application necessitate more scientific research, but did not call for any
specific changes to Part 503. EPA continues to evaluate the adequacy of the Part 503
rule, and has not found a need to establish more stringent requirements. The State of
California also extensively reviewed the sufficiency of the Part 503 rule to protect
public health as part of its Programmatic Environmental Impact Report Covering
General Waste Discharge Requirements for Biosolids Land Application (June 2000),
and concluded that potential impacts to human health from land application of Class
B biosolids complying with the rule would be less than significant.

Solano County Code Chapter 25, revised in 2007, addresses “Chemical Toilets,
Sewage Pumping Trucks, Domestic Septage Land Application, and Biosolids Land
Application”. Land application or landspreading is defined in the ordinance as the
placement of biosolids on agricultural land or reclamation sites intended to support
vegetative growth. The ordinance contains requirements that generators must meet
for land application, which focus on use of biosolids as fertilizer.

The Solano County ordinance, as stated in its purpose, seeks to “promote the
development and implementation of other methods of reuse of biosolids, including
conversion to energy, in place of land application or land filling of Class B solids”.
This goal is only addressed in the current ordinance by the following statement
included under Section 25-400 (c) Prohibitions: “ After October 15, 2012, Class B
biosolids may only be land applied provided that the generator of the Class B
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biosolids is individually or as part of a consortium having a portion of their biosolids
produced as Class A Exceptional Quality biosolids, converting biosolids to energy, or
otherwise diverting Class B biosolids away from land spreading or landfilling (as
waste or as Alternative Daily Cover).” Since Benicia does not land apply its biosolids,
it appears this clause is not directly applicable to the City. As discussed above under
landfilling, landfills can accept biosolids for use as ADC and/or disposal according to
their permit conditions.

Some agencies in other states have implemented retail programs to distribute and sell
Class A biosolids to the local community. These retail programs often have been
based on putting dried biosolids pellets into 50 1b bags and selling them at the
wastewater treatment plant and potentially in retail stores. Retail programs may need
to be combined with more traditional land application programs to distribute the full
volume of biosolids products. The City of Milwaukee, WI and Pierce County, WA are
two agencies that have set up bagged dried pellet programs successfully.

Another successful retail program implemented by the City of Tacoma, WA is a Class
A wet cake program. The City of Tacoma produces Class A Wet Cake through a dual
digestion process. The product is then mixed with different ratios of sawdust and
sand to develop a Class A soil, which Tacoma has trademarked Tagro. Tacoma has
three different Tagro soil products including general topsoil, a potting soil, and a
mulch. The City of Tacoma distributes all of its biosolids locally without maintaining
any large disposal contracts.

Implementing a successful retail program is feasible, but takes significant upfront
marketing and public outreach efforts. The examples of retail programs discussed
above are for cities much larger than Benicia. Implementing this alternative also
implies that the City would have to produce Class A biosolids and operate a facility to
mix the various soil mixes, which would raise air permitting issues.

At this time, land application on agricultural and/or public lands and retail programs
do not appear to be viable for Benicia relative to other options. If the City decides to
implement future improvements to produce Class A solids, this alternative could be
re-visited.

8.3.4 Composting

Composting is the second largest use of biosolids in California with approximately 16
percent of the biosolids being composted for agricultural, horticultural, and land
reclamation uses. Biosolids can be composted using a bulking agent such as wood
chips or co-composted with green waste. Biosolids composting requires accessibility
to an existing permitted facility with the capacity to accept additional material or a
significant capital investment and operational outlay to fund the permitting,
construction, and operation of a new facility.
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It appears that the majority of current composting operations are located in Southern
California. According to BACWA, only about 1 percent of biosolids in the San
Francisco Bay Area are currently composted. Composting is subject to similar public
concerns as land application (discussed above). Some Bay Area wastewater agencies
are working with Synagro, Inc to convert a portion of their biosolids into Class A
compost, which is marketed under the trade name AllGro. Synagro also markets
pelletized biosolids under the trade name Granulite, manufactured from Class A
Exceptional Quality biosolids.

At this time, the overall size of the market for composted materials is uncertain and
competition exists with the green waste composting market. Market considerations
are an important aspect of composting since in the absence of an end market,
composted materials would, by necessity, have to be landfilled thereby incurring
costs for both production of the compost and landfilling. Potential emissions from
composting operation (dust) must be permitted by the Bay Area Air Quality
Management District. GHG emissions would occur from the composting process, as
well as from transportation of biosolids from the WWTP to the composting facility
and the finished product from the facility to customers.

Based on these considerations, composting does not appear to be a viable option for
solids disposal for Benicia compared with other options, unless it can be conducted
through an established entity such as Synagro.

8.3.5 Incineration

Approximately 5 percent of the biosolids generated statewide in California are
incinerated. In the Bay Area, approximately 15 percent are currently incinerated.

Incineration involves the high temperature burning of biosolids using a fuel supply
such as natural gas or diesel fuel. The resultant ash is significantly lower in volume
than the feedstock (biosolids) and, since the incineration process concentrates the
trace metals that were present in the biosolids, there is a higher relative metal content.
The ash is typically landfilled. Incinerators require significant capital investment and
have high operating costs. GHG emissions would occur from the thermal oxidation
process, as well as from transportation of biosolids to the incineration facility.

There are three operating facilities statewide, each with a very limited capacity
relative to the total amount of biosolids produced statewide. According to the
CIWMB, permitting of additional facilities is not considered likely due to existing and
increasing air quality regulations. Therefore, incineration is a limited management
option.

Based on these considerations, incineration does not appear to be a viable option for
solids disposal for Benicia.
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8.4 Options for Solids Treatment

This section presents some options for the City that focus on both reducing the output
of biosolids, and on producing Class A biosolids. Reducing the output of biosolids
decreases hauling and landfill costs and operational GHG emissions and thus may fit
within the goals of the City’s CAP. Producing Class A biosolids provides additional
flexibility for alternative disposal methods.

Table 8-5 summarizes the evaluation of the following solids treatment options:
m Co-Thickening
m Temperature Phased Anaerobic Digestion (TPAD)

Series Digestion Operation

Retrofit Existing Belt Filter Press to 12 Rollers

Install Sludge Dryer

Table 8-5 provides the following conceptual-level information for each option: main
objective; brief description; pros and cons of the option; additional components
required to implement the option; operation and maintenance cost considerations;

and highlights of each option.

Based on the evaluation described in Table 8-5 and the disposal considerations
discussed in the previous section, four options were identified as the most feasible for
future consideration by the City. These four options include: co-thickening, series
digestion, retrofit belt filter press to 12 rollers, and adding a dryer. These alternatives
were selected due to their potential disposal benefits relative to the anticipated
magnitude of capital investment. TPAD was not included for further consideration
due to the significant cost required and uncertain benefits in terms of actual solids
reduction.
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Table 8-5
Solids Treatment Options

Main Objective(s) Description

Pros

Cons

Additional Components
Required

O & M Costs and
Considerations

Highlights

Co-Thickening

Reduce solids content
and hauling

Co-thicken primary sludge and
scum in DAFT along with WAS
using existing piping. This
would increase the solids
content of sludge sent to the
digesters. The literature reports
that maintaining a higher feed
solids concentration to the
digesters, increases volatile
solids destruction and post
digestion dewatering cake
concentrations. Higher solids
feed concentrations will also
increase digestion capacity.

Volatile solids destruction
efficiency increased by 1 to 3
percentage points

Solids content increase by 1 - 2
percentage points (i.e. 17 to 19%
final biosolids concentration
Piping is existing, and only minor
modification is required

DAFT unit has sufficient capacity
DAFT could be operated to
remove grit from primary sludge
and prevent it from entering the
digester; thus reducing the
frequency for digester cleaning
Small decrease in operating costs
and in CO, emissions

Final sludge cake would
remain Class B

Modest decrease in the
quantity of biosolids for
ultimate disposal

May be an issue with odors
created from mixing the scum
and primary sludge with the
WAS in the DAFT

¢ One additional 6”
actuated plug valve

Potential increase in
aeration in DAFT unit
May require a change in
polymer usage

Class B biosolids

Slight decrease in total mass of
sludge to the landfill.

1 to 2% cake increase

20 to 60 truckload savings/yr
Minimal investment and
operations impact

Overall: small investment to yield
measurable benefits.
Recommended for further
analysis.

Temperature phased anaerobic digestion

Produce Class A Digester #2 would be

biosolids designated the primary digester
and would be operated at
thermophilic temperatures
(131°F) while the Digester #3
will be designated the
secondary digester and
operated at mesophilic
temperatures (95°F). The
thermophilic stage will enable
increased volatile solids
destruction, biogas production
and process stability, as well as
the ability to produce Class A
biosolids.

Produces Class A solids which
could be blended to make a Class
A retail soil or used commercially
as fertilizer; 10-20% greater VS
destruction leading to less solids
production

Ten to 20% increase in biogas
production that could be used for
energy production

Greater beneficial use of existing
biogas to heat digesters

Slight increase in electrical
energy costs if implemented
without energy production
equipment

Moderate to significant capital
cost investment

e Insulation on digester #2

e Likely modifications to
existing boiler and heat
exchangers

Slight increase in
electrical energy costs

Class A biosolids

Beneficial use of excess biogas
Capital investment may be
required, pending structural and
mechanical inspection

Overall: Benefits of wet Class A
product uncertain, combined with
potential moderate to significant
capital investment. No
measurable impact on sludge
hauling or disposal. Not
recommended for further
analysis.

Series Digestion Operation

Reduce solids content | Commence heating in Digester
and hauling 2 to increase operational
temperatures to 95°F.

Increase volatile solids destruction
by 5 to 10 percent

Moderate increase in digester gas
production

Could be implemented with little to
no modifications

Requires the operation of
additional recirculation pumps

e None (recirculation
pumps are existing, but
not currently used)

Minor increase in power
usage for operation of
additional recirculation
pumps

e Small increase in volatile solids

destruction

e Minimal investment and

operations impact

e Overall: Minimal investment

might yield measurable
benefits; recommended for
further analysis.
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Table 8-5
Solids Treatment Options

Main Objective(s)

Description

Pros

Cons

Additional Components

Required

O & M Costs and
Considerations

Highlights

Retrofit existing belt

filter press to 12 rollers

Reduce solids content

The existing 8 roller belt filter press | ¢ Increase solids content of cake | ¢ Modest increase in solids e Additional components Minor increase in power e Class B biosolids
and hauling would be retrofitted (converted) into by approximately 1% without content means modest cost for belt filter press. usage for belt filter press e 1 9% cake increase
a 12 roller press. This would any other modifications savings and reduction in CO, Similar conversions for a e 20 truckload savings/yr
increase the solids content of the e If existing machine is suitable emissions recent CDM project e Minimal to moderate investment
filter press cake. for retrofit and in good e Final sludge cake would (Texas) cost about and operations impact
condition, this would be a remain Class B $50,000/machine for
relatively minor upgrade in e If existing machine is not parts & labor at factory e Overall: Direct benefits to
terms of cost and impact to the suitable for retrofit or would e If extensive rehabilitation sludge disposal for what may
rest of the plant require extensive rehabilitation or new press is required, be a relatively small capital
for the retrofit which would costs could be much investment if existing press is
significantly increase costs, it higher, on the order of suitable for retrofit and in good
would be more cost effective to $250,000 per machine condition. Recommended for
replace with a new 12-roller e 12-roller machine larger further investigation either as a
machine at the end of the (longer) than 8-roller; retrofit if feasible or to replace
existing useful life requires investigation of the existing machine with a 12-
available space roller machine at the end of the
Note: Appendix E contains useful life of existing press.
generalized schematic of
typical conversion.
Install Sludge Dryer: indirect Fenton dryer or screw/paddle type (Therma-flite & Komline) or direct belt dryer (Andritz or other)
Reduce solids content | A new solids drying unit would be e Over 70% reduction in solids e Additional equipment to e Indirect drying unit Estimated yearly Heat e Class A biosolids
and hauling installed south of the solids for disposal with significant purchase and maintain equipment costs requirement = 5,000-5,100 | ¢ 70% cake increase
significantly dewatering building. This unit hauling cost savings and e Fuel a major component of including instrumentation MBtu/year, based on e ~265 truckload savings/yr
would receive the sludge cake from reduction in carbon footprint cost; biogas could be used to and controls manufacturers quotes e Significant capital investment
Produce Class A the belt filter press via covered with respect to product haul offset when available o Fenton indirect heat Excess biogas may be e Beneficial use of excess biogas

biosolids conveyor belt, where it will then be and disposal e New fuel demands for the dryer = $540,000 sufficient to meet this but some outside fuel likely still
dried by contact with a heated e Produce Class A solids which drying process would likely (equipment only)* requirement; however, most required
surface, or by heated air as it could be sold commercially as eliminate any carbon footprint o Komline = dryer facilities still require e Additional process
moves through the unit. The solids fertilizer, landfilled, or reductions from reduced $1,735,000 some outside fuel input
content will be increased to 92- composted regionally (e.g., product hauling; could cause a (equipment only)* Estimated yearly electricity | o OQverall: Significant disposal
98%. This operation can be run in Forward Landfill, San Joaquin net increase in GHG emissions o Therma-Flite = requirement (varies widely, benefits; but may be more than
batches or continuous feed. County) e Produces more fines and dust $380,500 see quotes) = 65,000- what City requires in the near-
Significant energy is required for e Could utilize currently than a belt dryer (equipment only)* 170,000 kWh or $6,500- and intermediate-term
this process, although it may be produced excess biogas as e Fenton dryers and Komline e Conveyor belt $17,000/year at $0.1.kW/h, timeframe. Significant capital
possible to use excess biogas as a partial fuel source paddle dryers have been in e Additional building or based on manufacturer investment. Benefits of local
contributing fuel. Operating e Relatively minor emission operation for over 10 years, shelter if the equipment quotes manufacturer could not be
temperature of 300-900°F, control requirements; aeration screw dryer systems less cannot be housed in the Some equipment confirmed. Drying option
depending on the type of dryer. basin treatment or biofiltration proven existing solids maintenance required recommended for further
typical, direct dryers have e Some potential for fires and dewatering building analysis to confirm costs,
more exhaust to treat. explosion *Note: Equipment costs from benefits, and overall impact on
e May be potential opportunity to | ¢  Permitting requirements from vendor quotes - see GHG emissions as a potential
incorporate solar power for BAAQMD Appendix E. long-term upgrade.
heating oil used in dryer e Produces pelletized product
(would require further that may not be acceptable for
investigation). landfill ADC
618 CDM
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Table 8-6 compares the four most promising treatment options. Key findings are
summarized below:

m Co-thickening and series digestion would require only relatively minor capital
investment, but also offer modest benefits in volume reduction and do not produce
Class A solids. Co-thickening and series digestion could be implemented
simultaneously.

m Retrofitting the belt filter press to 12 rollers is more costly and more complicated to
implement than either co-thickening or series digestions; while providing similar
modest benefits. Detailed field investigation would be needed to determine if the
existing press is suitable for conversion to 12 rollers, and whether extensive
rehabilitation may be needed. If extensive rehabilitation were needed, it would
likely be more cost-effective to replace the existing machine with a new 12-roller
machine when it reaches the end of its useful life. Space availability would also
need to be considered as a 12-roller machine would be longer than the existing 8-
roller. Other considerations are whether the retrofit would be done by the
manufacturer of the existing press or by a qualified vendor specializing in such
services, and whether it could be done on-site or would require sending the
machine to a factory.

m Adding a drying unit would require a large capital investment, increase complexity
of operations, and require meeting BAAQMD permitting regulations. It would
provide the greatest flexibility for solids disposal, as it would significantly reduce
volume and produce Class A solids. It is anticipated that the Class A solids would
likely meet the EQ designation, which requires not only non-detectible levels of
pathogens, but also low metals content and non-attraction of vectors. Further
investigation would be required to confirm the metals content. However, the
drying process itself would result in a new source of GHG emissions, although
GHG emissions from hauling would be reduced. In general, a sludge dryer can get
about 75 to 85% of its fuel from digester gas, with the remaining 15 to 25% from
natural gas resulting in a new source of GHG emissions. Due to the relatively short
hauling distances for landfill disposal of the City’s sludge, it is anticipated that
GHG emissions with the new process would be similar to or somewhat higher than
the current system, even considering the GHG reduction from hauling fewer loads.
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Table 8-6
Comparison of Solids Treatment Options
Item Units Co- Series Retrofit BFP to Add Dryer
Thickening | Digestion 12 Rollers
Class of biosolids NA Class B Class B Class B Class A
Potential solids Percent 1.5% 0 1.0% 73.3%
concentration gain
Resulting biosolids Ib/day 11,000 11,333 11,300 2,220
production (total)
Resulting loads/day Loads/day 0.82 0.85 0.84 0.17
Resulting reduction in loads | Loads/year 28.1 18.8 19.6 267.1
Resulting CO; offset from tons COylyear 3.5 2.3 2.4 329®@
reduction in hauling loads
CAP Reduction Goal GHG 9% 9% 9% 9%
reduction
Emission reduction from percent 8.8% 5.7% 6.0% 82.29% @
hauling fewer loads
Emission impacts due to NA Not Not Not significant Increase in emissions
modified or new process significant significant from natural gas
(with respect to current consumption for new
system) process may offset
much or all of the
hauling emissions
reduction. @
Relative Costs ® $
Equipment Cost Minimal Minimal $>50,000 to $>500,000 ©
Other Considerations $250,009 Plus Building,
(depending on Conveyor belt
condition of
existing press)
Estimated annual hauling $lyear ~$8,500 ~$5,500 ~$6,000 ~$80,000
cost savings (@$45/ton)
Impact on Disposal NA Not Not Not significant Best
Flexibility significant significant
Ease of implementation NA Easy Easy Moderate New process
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@
)

Wastewater operation GHG emissions reduction goal identified in City CAP that is specific to biosolids operations.
Additional analyses will be required to determine emissions from any new fuel inputs required for the new process. In general, a

sludge dryer can get about 75 to 85% of its fuel from digester gas, with the remaining 15 to 25% from natural gas resulting in a
new source of GHG emissions. Due to the relatively short hauling distances for landfill disposal of the City’s sludge, it is
anticipated that GHG emissions with the new process would be similar to or somewhat higher than the current system, even
considering the GHG reduction from hauling fewer loads.

[©)

)

Estimate of relative costs of alternatives for conceptual screening purposes with respect only to equipment purchase cost and
other considerations. Costs are not inclusive construction costs or capital costs.

Estimate based on previous CDM project for retrofits in Texas that cost about $50,000 per machine for parts & labor at the factory

for equipment in good condition without requiring rehabilitation. Including rehabilitation, costs were significantly higher, up to
$250,000 per machine; and it would likely be more cost-effective to purchase a new machine at the end of the useful life of the

existing press.
©)

Equipment cost based on vendor quotes, see Appendix E.




Section 9
Recommended Capital Improvements

This section presents the recommended wastewater system improvements based on
the analysis findings presented in the previous sections.

9.1 Recommended Collection System Capacity
Improvements

Table 9-1 shows the recommended CIP projects to provide the required wastewater
collection system capacity to convey buildout flows. Figure 9-1 shows the conceptual
locations of the capacity projects. At this conceptual master planning level, the
conceptual locations are assumed to be in the same alignments as the existing
facilities.

The projects identified in Table 9-1 are based on the capacity evaluations discussed in
Section 6. All recommended improvements are sized to convey the build-out peak
wet weather flows for the 10-year design storm.

For conservative budgeting purposes, CIP costs shown in Table 9-1 are based on
replacement rather than parallel sewers, to provide more flexibility for the City in
implementing projects. Pump station capacity expansion costs assume the existing
station will be completely replaced when upgraded. Costs for conditional lift station
improvements to replace pumps due only to changes in the future hydraulic
gradeline, assume replacement of pumps/motors and electrical upgrades. Section 9.3
provides the basis for the capital cost estimates.

The timeframe for improvements in Table 9-1 is shown as either existing or future,
depending on the initial timeframe when additional capacity is needed. All projects,
whether identified for the existing or future timeframes, are sized for buildout flows.
Within each category, projects are prioritized for implementation considering;:
severity of deficiency and threat of overflow; higher priority for deficiencies under
peak dry weather as well as wet weather flow; and impact on other improvements,
e.g., downstream improvements that may impact upstream improvements and
should be constructed first.

The prioritization of projects in Table 9-1 is intended to serve as a guideline for City
staff in its CIP planning. City staff will review individual projects for implementation
as part of the development of the City’s 5-year CIPs. The specific priority for
implementation of individual projects will depend on the City’s needs and
availability of funding, as determined over time.

9-1
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Table 9-1 also shows the allocation of project costs to existing and future users. Costs
of projects identified as needed for the existing timeframe are allocated between
existing and future users based on the ratio of existing to buildout peak flows. Costs
of projects identified as needed for the future timeframe are allocated to future users,
as those projects are not needed to correct existing deficiencies.

The recommended capacity improvements in Table 9-1 address the larger diameter
sewers (10-inch and greater). As part of its SSMP, as described in Section 3.2, the City
also has an ongoing program of sewer rehabilitation/replacement projects to address
poor condition, reduce infiltration/inflow, correct localized problems on smaller
sewer lines, and provide improved performance.

The City’s 2007-2012 CIP contains rehabilitation/replacement projects identified by
City staff. The City keeps maintenance records and conducts periodic monitoring and
condition assessments, e.g., video inspections, of the collection system. The results are

used by City staff to identify specific repair/replacement projects for inclusion in the
CIP.

9.2 WWTP Improvements

As discussed in Section 8, this master plan investigated sludge disposal and treatment
options for the wastewater treatment plant. Landfilling appears to be the most
feasible and cost effective solids disposal method for the City to continue for the near-
term and intermediate planning horizon. Therefore, no significant capital
improvements are needed for the solids handling facilities at the wastewater
treatment plant.

To provide some reduction in biosolids volume and help meet GHG emission
reduction goals, two modifications of existing solid treatment facilities and practices
are recommended for further analysis. These modifications, which have minimal
capital cost and could be implemented simultaneously, are:

m Co-thickening of primary sludge and scum with waste activated sludge, which
involves adding a 6-inch actuated plug valve to the existing treatment process.

m Series digestion, which involves heating an additional existing digester to increase
operational temperatures, and operation of additional existing recirculation pumps.

As part of the City’s rehabilitation/replacement program, an additional option could
be considered to retrofit the existing belt filter press from 8 rollers to 12 rollers, or to
replace it with a 12-roller press at the end of its useful life. This option would require
detailed investigation of the existing equipment to determine its condition, available
space in the building for a larger press, and the feasibility and cost of adding more
rollers. When the existing equipment requires major rehabilitation or replacement, the
option of a 12-roller press could be further evaluated.
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A potential long-term upgrade would add an on-site sludge drying unit. However,

this improvement would be very costly and is not recommended at this time given

the City’s available landfill disposal options. In future master plan updates, it could
be re-evaluated depending on future disposal needs.

9.3 Basis for Capital Cost Estimates

Conceptual planning-level capital cost estimates have been developed for the
recommended improvements. All costs are in 2010 dollars and indexed to a
Engineering News Records (ENR) Construction Cost Index (CCI) for the San
Francisco Bay Area of 8700.

Capital costs include construction costs plus a 35 percent design and construction
contingency and a 40 percent project implementation allowance (total compounded
markup of 1.89). Table 9-2 shows the unit capital costs used for this master plan. The
components of the unit capital costs are described below.

m Construction cost: calculated using unit construction costs based on other CDM
projects, review by CDM Constructors Inc. cost estimating group, and general
information from public projects bid in California.

— Unit capital costs for replacement sewers are for sewers up to an average
invert depth of placement of 25 feet, including manholes and other
appurtenances, and assume construction within existing streets with traffic
control and normal correction of utility interferences, and potential use of
trenchless construction methods in some locations.

— Lift station unit construction costs are based on an aboveground structure
with standby pump, wet well for pump intake, telemetry, and standby
generator for backup power.

m Design and construction contingency: markup of 35 percent of the construction
cost, intended to account for additional work that may be identified during final
design and bidding (25%), and change orders during construction (10%). The total
construction cost includes the design and construction contingency.

m Project implementation allowance: allowance of 40 percent of the total construction
cost (construction cost plus design and construction contingency) to cover the
following items:

— Feasibility and/ or siting/routing studies (4%)

— Preliminary and final design engineering, preparation of construction plans
and specifications (12%)

— Environmental documentation and permitting (4%)

9-5
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Table 9-2
Unit Capital Costs

Gravity Sewers

Diameter (in) Unit Capital Cost ($/LF)

8 265

10 320

12 380

15 455

18 530

21 605

24 680

30 830

36 985

Force Mains
Diameter (in) Unit Capital Cost ($/LF)

8 180

10 225

12 270

14 310

16 350

18 370

20 410

24 470

Lift Stations
. . Total Station Capital
HP Unit Capital Cost Cost P
($ per HP) ($ per Station)

20 18,500 370,000
30 16,000 480,000
40 13,500 540,000
60 11,700 700,000
80 9,500 760,000
100 8,300 830,000
150 6,300 950,000
200 5,500 1,100,000

@ Unit capital costs include construction costs plus a design and construction contingency of 35% to
determine total construction, and a project implementation allowance of 40% of the total
construction cost for environmental, engineering, construction services, legal and administration.
The total compounded markup including the design and construction contingency and the project
implementation allowance is 1.89. Unit costs are in 2010 dollars for ENR CCI of 8700.

@ Unit capital costs for replacement sewers are for sewers up to an average invert depth of placement
of 25 feet, including manholes and other appurtenances, and assume construction within existing
streets with traffic control and normal correction of utility interferences, and potential use of
trenchless construction methods in some locations.

© For sewer rehabilitation projects, such as slip-lining, unit capital costs may be conceptually
estimated as 80% of the cost of pipe replacement.

@ Lift station unit construction costs are based on an aboveground structure with standby pump, wet
well for pump intake, telemetry, and standby generator for backup power.

®) Costs for lift station upgrade projects are based on replacement of the total capacity needed to meet
future flow requirements, and assume stations will be replaced when upgraded, to provide flexibility
in project implementation. Pump station costs are based on total required HP, including standby
pump.

® For estimating lift station component replacements, the following percentages of the total cost for a
new pump station may be used as approximate estimates: pumps and motors — 20%; pump (no
motor) — 5%; electrical/instrumentation — 30%; pipes, fittings, valves — 20%; building and site work —
20%.



City of Benicia Section 9
Wastewater System Master Plan Recommended Capital Improvements

—  Construction services including construction management, construction
inspection, engineering support during construction, construction surveying,
and as-built drawings (10%).

— City overhead, legal and administration (10%).

No land costs are included. It is assumed that all improvements will be constructed
within existing rights-of-way or City-owned site.

9.4 Implementation Considerations

This master plan provides a tool for the City to continue managing its wastewater
system. It should be updated periodically, if major changes occur.

Sizing, location, and estimated costs of master plan projects are at a conceptual level.
Project implementation will require predesign studies, including specific routing and
siting studies, environmental review, detailed design evaluations of specific projects,
and preparation of construction documents.

The master plan phasing for project implementation is intended as a guideline.
Timing for specific projects will be determined based on development needs,
coordination with other construction projects, such as those for other utilities and
street improvements, or for other City needs.

The City also conducts periodic evaluations of the effectiveness of its ongoing
infiltration/inflow reduction improvements, as part of its Sanitary Sewer
Management Plan. These evaluations are conducted about every 5 years, including
flow sampling and monitoring, as well as additional video inspection and modeling
as needed.

The City’s current sewer rates and connection fees should be updated to incorporate
the information developed on recommended improvements. Typically, rates/fees are
updated upon completion of a master plan update or other major change in system
requirements. These sources typically account for most municipal wastewater system
revenue, as noted below:

m Sewer (user) rates are the primary source of revenues for all municipal wastewater
systems, and are paid by all system customers. Increases in the user rates may
potentially fund a portion of the required capital improvements that would benefit
both existing and future customers.

m Connection fees, also known as developer fees, are commonly used one-time
growth-related charges on new customers connecting to the system. By California
law, connection fees must be based on the capital costs of facilities needed to serve
new customers. Facilities can include both new facilities, which must be
constructed, and existing facilities which benefit the new customers. The proceeds
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from connection fees must be accounted for separately from other sources of funds,
and be restricted solely for growth-related capital project costs. The law also
requires that the proceeds be reserved for specific projects within five years of
receipt.

The City could also investigate other potential funding sources. The potential funding
methods must be further evaluated to determine their specific applicability and
appropriateness for the City. It is anticipated that a combination of funding sources
may be utilized. Other potential funding sources may include:

Developer Agreements: For new development projects, the City may consider
agreements with developers to construct recommended improvement projects as a
condition of development approval. The appropriateness of this approach and the
specific conditions would be determined on a case-by-case basis.

Municipal Bonds: The City could consider issuing municipal bonds to facilitate
faster implementation of recommended projects. Bonds have been a primary method
for municipalities to fund large capital improvement expenditures by borrowing.
Bonds allow large-scale projects to be initiated when the facilities are needed, with the
payments then spread out over twenty to thirty years. Debt service on the bonds
would be recovered through sewer rates and connection fees. Due to the limited
customer base, contractual guarantees with the industries may be needed to
guarantee debt repayment, such as take or pay contracts or having industries put up
collateral equal to their obligation. There are several types of bonds, as noted below:

m  General Obligation Bonds: General obligation (GO) bonds are bonds that can be
issued by a municipality to fund capital projects of the jurisdiction. GO bonds are
secured by the general taxing power of the local jurisdiction. If planned revenues,
usually property taxes but in some jurisdictions, income and sales taxes, fall short
of the amount needed to meet bond payments, the jurisdiction may raise taxes to
generate needed revenue. Voter approval is required to issue GO bonds.

m  Revenue Bonds: Revenue bonds are secured by the municipality’s ability to
generate non-tax revenues, particularly user fees, for services such as those
provided by the industrial wastewater system. Revenue bonds can be issued for
any project or enterprise which generates income. Revenue bonds are typically
backed by the revenues of a utility/enterprise fund, but in California require voter
approval.

m  Certificates of Participation: Certificates of Participation (COPs) are very popular
among California municipal utility agencies. They are comparable to an
installment purchase contract whereby the municipality enters into a contract to
purchase designated facilities, for which it agrees to make a stream of payments
made up of principal and interest. Shares are then sold to investors as COPs, with
the investors being the same municipality. For all practical purposes, COPs are
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comparable to revenue bonds, with an obligation to make payments from the
utility /enterprise revenues. However, no voter approval is required.

m  State Bond Banks and Pooled Bond Issues: A state bond bank is a state- created
financial entity that issues pooled bonds. By grouping together individual bond
offerings, the security of the bond issues is increased resulting in a higher bond
rating and a lower interest rate on the bonds. The Statewide Community
Infrastructure Program (SCIP), which is sponsored by the League of California
Cities and the California State Association of Counties, offers a pooled bond
program. The economies of scale of a pooled bond issue permit both lower costs
of issuance (including bond insurance) and lower interest rates. As such, these
pooled bonds are most popular for smaller amounts. No voter approval is
required for participation.

Special Assessment Districts: Special assessments are used to fund projects for a
specific purpose in a geographic area. In many cases the assessments generate funds
to repay benefit assessment bonds used to construct the projects. Special assessment
districts provide the legal arrangement to equitably charge those receiving a service
for capital and (less frequently) operating costs of the service. For example, a special
assessment district may be an option for an older redevelopment area that would
benefit from upgrades/rehabilitation of the existing sewer facilities. Approval of the
beneficiaries is required to create a benefit assessment district.

California Infrastructure and Economic Development Bank (I-Bank): The
California Infrastructure and Economic Development Bank (I-Bank) is the State’s only
general purpose financing authority. Its mission is to finance public infrastructure and
private development that promotes economic growth, revitalize communities and
enhance quality of life for Californians. Funding options include:

m [nfrastructure State Revolving Fund Program: This program provides low-cost
financing to public agencies for a wide variety of infrastructure projects, including
wastewater collection and treatment facilities. The proposed project must promote
economic development in a manner that will attract, create and sustain long-term
employment opportunities.

California State Loans and Grants: Three potential funding options are noted
below for loans and/or grants through the State of California. Competition for the
limited funds is intense, and funds are awarded based on a priority selection system.

m  State Revolving Fund (SRF): The SRF is administered by California State Water
Resources Control Board and California Environmental Protection Agency. The
SRF Loan Program provides low interest loan funding for construction of
publicly-owned wastewater treatment facilities, local sewers, sewer interceptors,
water reclamation facilities, as well as other projects involving non-point source
pollution control. Loans are issued for up to a 20-year term with an interest rate
equal to one-half the most recent State General Obligation Bond Rate.
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Proposition 50 and Proposition 84 Grant Funding: This grant funding is related to the
Integrated Regional Water Management Program, to encourage development of
integrated regional strategies for management of water resources. Application for
funds must be made through a regional group. For example, the San Francisco
Bay Area Integrated Regional Water Management Plan includes the proposed
Regional Biosolids to Energy Facility as a proposed project for grant funding. This
funding source is not appropriate for individual projects without a regional
benefit.

Direct State Appropriations: Direct state appropriations represent specific, legislated
funding for specific projects and programs. These appropriations can be specific to
a recipient or project, or to fund an agency's ongoing programs. It is important
that agencies maintain an active presence, either directly or through respected
lobbyists and trade associations, with state legislators and key state lending
agencies to promote its funding requirements and allocations, and new funding
initiatives. This usually requires a large commitment of planning resources and
follow-through, as well as political connections.

Federal Grants: Federal grants are not anticipated to be a viable source of funding
for the City of Benicia. The majority of federal grants are typically targeted to small,
rural or low-income communities. Wastewater agencies that have received federal

orders to take actions relating to pollution are also provided access to federal
emergency funding.
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Technical Memorandum

To: City of Benicia — Chris Tomasik, Jerry Gall, Carrie Wenslawski
From: Youssif Hussein, Lisa House
Date: Draft October 14, 2008; Final December 2008

Subject: Benicia Wastewater System Master Plan
Task 4.1 - Hydraulic Model Selection

The purpose of this memorandum is to summarize the results of CDM’s Task 4.1 review of

available hydraulic modeling programs and to recommend the most appropriate hydraulic

model for use in developing the Wastewater System Master Plan and continued use by City
staff after completion of the master plan.

The City reviewed the model rankings and recommendations presented in a draft Technical
Memorandum submitted on October 14, 2008. Subsequently, CDM arranged to have the
vendor demonstrate the recommended software to the City in a net meeting on December, 10,
2008. Based on the model evaluation recommendation and the vendor demonstration, the
City selected H2OMAP SWMM as the model software.

The selected modeling software is to be purchased by the City and used by CDM for this
project. The software and all model files will be turned over to the City at the end of the
project.

The following topics are addressed herein:

e Purpose of Memorandum

e Model Evaluation Criteria

e Available Sewer Modeling Software

¢ Key Evaluation Findings and Model Rankings

¢ Recommendation

e Appendix: Detailed Descriptions of Model Software
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Model Evaluation Criteria

In general, hydraulic models may be used to support a diverse array of uses, such as:

m Facilities master planning and capital improvement program planning, which is the
purpose of this project.

m Planning and evaluation of repair/rehabilitation projects
m Evaluation of proposed development improvements
m Evaluation of potential hydrogen sulfide generation and corrosion issues

m Linkage to maintenance management databases
Some key objectives for model selection include:

m Ability to appropriately represent the wastewater collection system and provide
information needed for decision making

m Ability to provide built-in GIS capabilities to enhance its usefulness

m Flexible tool for continuing use after the master plan to answer questions from
developers and others.

m Ability to expand the model database in the future to add additional facilities, e.g.,
smaller diameter sewers not included in the master plan model.

m Capability of updating the software as technology changes.
The following criteria were considered in the evaluation of model software packages:

m Software Vendor Stability and Technical Support
- Vendor stability
- Technical support

m Ease of Use
- Level of effort required to input and modify source data
- Ease of calibrating model to flow monitoring data
- Ease of analyzing proposed changes to existing system or proposed development
improvements (steady state analysis ability, ability to easily isolate and analyze small
areas)
- Graphical presentation and GIS capabilities

m Model Capabilities
- Solution(routing) technique, which may be static or steady-state, dynamic, and/or
ability for either mode
- Ability to generate base sanitary flow and inflow/infiltration flows
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- Ability to model conduits in both open-channel (free surface or full pipe) and
pressurized pipe flow conditions

- Ability to handle surcharged conditions and predict sewer overflow locations and
volumes

- Ability to model structures/manholes with weirs, diversions or multiple outlets

A key model feature is the solution technique for routing flows through the sewer system.
There are two basic types: static (or steady state) models and dynamic models.

Static (steady state) models estimate hydraulic conditions at a specific point in time (usually
peak flow). Static (steady state) models require only that the upstream boundary condition
(flow input) be described, and they are typically easier to understand and use. Dynamic
routing models have the ability to describe the elevation of the hydraulic grade line over time
as flow conditions change, and require information on both upstream and downstream
boundary conditions. Dynamic models provide a more accurate analysis of the relative timing
of peaks from multiple network branches and complex hydraulic conditions. However,
dynamic models are significantly more complicated to set up and use than static (steady state)
models.

Available Sewer Modeling Software

The term “model” has come to be used in several ways. “Model” can refer to the program
code that solves the various algorithms that describe the modeled processes; this is often (and
more precisely) referred to as the “model engine”. “Model” can also be used to refer to the
datasets that comprise the unique values for each modeled parameter associated with each
modeled element (e.g. pipes, catchments, unit flow rates). During the past few years, the term
“model” has also been used to describe the software developed to take advantage of modern
microcomputer advances and combine sophisticated graphical interfaces and other support
tools (e.g. relational databases) with the program code. In the model evaluation described
herein, the complete modeling package is considered.

Five modeling packages were evaluated for this project as called for in the scope of work. The
models considered are based on CDM'’s knowledge of the currently available models, and on
the objectives discussed earlier in this memorandum.

All the models evaluated have an established user base and application history for large
sewer modeling projects, and an established entity for user support. This helps ensure
product reliability, and eliminates research-oriented models with little or no practical
application history and no viable user support mechanisms. The modeling packages
considered are listed below:
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» HOMAP SWMM - Stand-alone GIS-based modeling package created by MWH Soft. This
package uses EPA’s Stormwater Management Model (SWMM) as its hydraulic engine
which has been in use since the 1980’s. HHOMAP SWMM is a fully dynamic model that can
be used for analyzing wastewater and stormwater systems by performing single event or
long-term (continuous) rainfall-runoff simulations. This software package supports
multiple mapping layers which can be imported from one of many data sources including
Computer-Aided Design (CAD) drawings, standard GIS formats (Shapefiles), attribute
tables, and Comma Separated/Delimited Text (CSV) files.

m HOMAP SEWER - Stand-alone GIS-based modeling package that is a simplified version
of HHOMAP SWMM. H,OMAP SEWER provides more simplified routing solutions than
HOMAP SWMM, and is less complicated to use. HHOMAP Sewer can be used for
planning, design, analysis, and expansion of sanitary, storm and combined sewer collection
systems. Also it can be effectively used to model both dry-weather and wet-weather flows.
H>OMAP SEWER supports multiple mapping layers which can be imported from one of
many data sources including Computer-Aided Design (CAD) drawings, standard GIS
formats (Shapefiles), attribute tables, and Comma Separated/Delimited Text (CSV) files.

m HYDRA - Stand-alone modeling package developed by Pizer Inc. This GIS package
includes a proprietary hydraulic engine for steady-state (static) analysis, and an EXTRAN
(Extended Transportation Analysis) module that is part of EPA’s Stormwater Management
Model (SWMM) for dynamic analysis if desired. This is a stand-alone package with built-
in proprietary GIS tools.

m SewerGEMS - Stand-alone modeling package with GIS tools developed by Bentley
(previously Haestad Methods). Haestad’s former software called SewerCAD worked
within an AutoCAD environment. Bentley’s SewerGEMS, the most recent version, provides
fully dynamic modeling capability. SewerGEMS can be used to analyze sanitary or
combined conveyance sewer systems using built-in hydraulic and hydrology tools and
variety of wet weather calibration methods. SewerGEMS was created to work either as a
stand-alone package, within an ArcGIS environment, or within an AutoCAD environment.

m XP-SWMM - Stand-alone modeling package developed by XP Software. This package
uses the EPA hydraulic engine from the Stormwater Management Model (SWMM). This
package has stand-alone GIS tools utilizing shape files that are similar in look and feel to
ArcGIS..

Detailed descriptions of each of the above modeling packages are provided in the Appendix
to this memorandum.

There are many other available modeling packages that were not evaluated. For example,
some modeling packages require that the user already have ArcGIS or AutoCAD software in
order to use the model. In other cases, proprietary steady-state models have been developed
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for specific applications, such as an agency-specific model, which do not have widespread use
or support. There are also complex dynamic modeling packages, such as the InfoWorks
Collection System (CS), a product of Wallingford Software of England, and MIKE-URBAN
with MOUSE, a product of the Danish Hydraulic Institute (DHI of Denmark), that are very
complicated to use.

Key Evaluation Findings and Rankings

This technical memorandum evaluates several hydraulic models with respect to their
appropriateness for use in this master plan and subsequently by the City. The key factors
considered in the evaluation include: software vendor stability and technical support; ease of
use; modeling capabilities; and flexibility for future uses.

All the model vendors provide websites for customer service and technical support.
MWHSoft and Pizer are located on the west coast; the other vendors are headquartered on the
east coast or overseas. H{OMAP SWMM and HOMAP Sewer are supported by MWHSoft, a
company well known for their high quality customer support and technical products, with
offices in Arcadia California (Operations Center) and Broomfield Colorado (Headquarters).
HYDRA is supported by the Pizer office in Seattle, Washington, a family business in
operation since the 1980’s. The XP-SWMM vendor is headquartered in Australia, with offices
in Portland Oregon and Ontario Canada. The SewerGEMS vendor is now Bentley who
recently purchased Haestad Methods, with an office located in Watertown Connecticut. Due
to the recent change in ownership, the SewerGEMS vendor not as well established as the
other vendors.

All of the models evaluated can accept either fixed inflows or input hydrographs, and all can
simulate both base flows and infiltration/inflow. All the models evaluated are GIS-based,
and provide stand-alone GIS capability, i.e., do not require that the City have a GIS system
(hosting software) in place to use the model. SewerGEMS can work as a stand-alone or
within GIS environments.

HOMAP SWMM and XP-SWMM utilize the Stormwater Management Model (SWMM) as its
hydraulic engine. SWMM was initially developed by EPA in the 1970’s and has been
continually in use since that time, undergoing numerous upgrades and being tested by many
users/ projects. HYDRA uses a proprietary hydraulic engine developed by Pizer for steady
state analysis, and the SWMM EXTRAN module for dynamic analysis. SewerGEMS (Bentley)
uses a proprietary hydraulic engine developed by the individual vendor.

All the models evaluated except HHOMAP Sewer are fully dynamic and solve the complete St.
Venant's equations in routing flows, which provides a more accurate simulation of
backwater, surcharge, and flow diversions in branched and looped sewer systems. H{OMAP
Sewer is a “semi-dynamic” model that uses a simplified method to simulate peak flow
damping effects throughout the system, but does not provide the more detailed solution for
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the complete dynamic routing equations as in the fully dynamic models. HHOMAP SWMM
and HYDRA have the flexibility to provide both dynamic and steady-state analyses.

H>OMAP Sewer is the easiest modeling package to learn, set-up, and use. The other fully
dynamic models are more complex and complicated to use, since the data setup and model
calculations required for a fully dynamic model are commensurately more complex.

Table 1 provides cost comparisons for the modeling software. These costs assume one seat
license with unlimited links. Typically there are no maintenance costs for the first year of
operation.

Table 1
Cost Comparison of Modeling Software

Models _User (1-seat)(1) /_-\nnual (1-seat)
License Cost Maintenance Cost
H,OMAP SWMM (MWHSoft) $6,000 $1,200
H>OMAP Sewer (MWHSoft) $4,000 $800
HYDRA (Pizer) $5,000 $1,250
SewerGEMS (Haestad/Bentley) $9,995 $2,400
XP-SWMM (XP Software) $10,495 $1,574

™ License costs are list price for one seat license with 1000 links. The costs were obtained from the
vendor websites, and will require confirmation when a specific order is placed.

@ Annual maintenance cost typically start in the second year (the first year of purchase has no
maintenance cost)

Based on the evaluation, the modeling packages are ranked as shown in Table 2 from most
favorable, i.e., that meets the most requirements, to least favorable, i.e., that meets the least
requirements. The two top ranked models are MWHSoft products: 1) H,OMAP SWMM,; and
2) H,OMAP Sewer. The other three models are much less desirable.

Per the scope, if requested by the City and available through the software vendor, CDM could
arrange to have the vendor demonstrate the recommended software. Since it is the same
vendor for the two top-ranked models, it is likely that both models could be demonstrated if
desired by the City. MWHSoft would conduct the demonstration over the Internet for visual
information (via a web link) and with audio via a conference call. City staff can have
questions answered directly by the vendor and/or CDM during the demonstration. The City
would not need any special equipment for the demonstration other than Internet access and
telephone.
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Table 2

Model Evaluation Rankings

Ranking

Model

Basis for Ranking

1 — Most Favorable

HOMAP SWMM

H,OMAP SWMM, as a fully dynamic model, offers a high level of
accuracy and more detailed analysis features than a steady state
model. The analysis with this model would be comparable to the
approach used for the previous I&I evaluations. It has the ability to
more accurately route flows through the system, account for system
storage, and generate inflow hydrographs. The only drawback is that
is more complicated to learn and use than H,OMAP Sewer (the
second ranked package), which may be a consideration for
subsequent use of the model by City staff.

H,OMAP Sewer

H,OMAP Sewer, as a steady-state (semi-dynamic) model, is easier to
learn and use; since it does not provide as many analysis features or
level of accuracy as H,OMAP SWMM. However, it is a valid tool and
provides significant capabilities for conducting conservative peak flow
analyses of the collection system, with simplified flow and routing
parameters. If City staff intends to use the model on a regular basis
after completion of the master plan, this package may be a better
choice.

HYDRA

No advantages over H,OMAP SWMM or H,OMAP Sewer; more
limited user base and breadth/depth of software support.

SewerGEMS

More costly for initial purchase than the top three packages, highest
annual maintenance cost, no advantages over H,OMAP SWMM,
recent ownership changes so track record not well established.

5 — Least Favorable

XP-SWMM

Highest initial purchase cost and second highest annual maintenance
cost, no advantages over H,OMAP SWMM.

Recommendation
It is recommended that H,OMAP SWMM be selected for the following reasons:

m Generates detailed flow hydrographs rather than only peak flows.

m Allows for detailed fully dynamic routing analysis that considers flow attenuation
(routing) and in-system storage; provides detailed analysis of potential surcharge locations

and impacts.

m Greater accuracy allows for more refinement of improvements, rather than relying on
conservative peak flow approach as with a steady-state model.

m Provides consistency with the previous I & I evaluation analyses, which also used a
dynamic model and similar approach for the analysis parameters.
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However, the City may want to consider the H,OMAP Sewer model if the City is planning to
use the model in-house by City staff subsequent to the master plan. H2OMAP Sewer, as a
steady-state (semi-dynamic) model, is easier to learn and use; since it does not provide as
many analysis features or level of accuracy as H2ZOMAP SWMM. H20OMAP Sewer is a valid
tool and provides significant capabilities for conducting conservative peak flow analyses of
the collection system, with simplified flow and routing parameters. H2OMAP Sewer’s “semi-
dynamic” routing will provide a somewhat conservative analysis of the system based on peak

flow conditions and a simplified method for peak flow routing and attenuation.
Both the HZOMAP SWMM and H2OMAP Sewer packages offer the following benefits:

Vendor Support. MWH Soft has a very good reputation for customer service and software
support. On the many projects that CDM has used MWHSoft products, the technical support
has been very good and responsive.

Cost. Both are reasonably priced packages compared to other software.

Hardware Requirements. Typically, for running either the H2OMAP SWMM or H2ZOMAP
Sewer models, reasonable hardware requirements are a computer with Pentium IV or
equivalent CPU, having at least 1 GB RAM and 10 GB of hard disk space. If the City provides
information on its existing computer hardware, CDM can check with the vendor regarding its
suitability for the proposed application.

Stand-alone Packages with GIS Capabilities. Both provide all required software as part of
the model package. It is not necessary for the City to have or purchase other software to use
all the features of these packages. Both packages provide built-in GIS capabilities, and do not
require any hosting software.

Built-in Tools to Simplify Data Input and Analysis. Both packages provide built-in tools
and features to help simplify data input and analysis, as described in the detailed description
in the appendix.

Ability to Analyze Developer Improvement and Proposed Changes in the Sewer System.
Model can be used subsequent to the master plan to analyze proposed changes to sewers, e.g.,
pipe size changes due to replacement/improvement projects, adding a sewer extension,
sizing new pipes to serve new development areas, or determining the impact on downstream
facilities from adding a new sewer inflow.

Ability to Easily Analyze Portions of System. With either model, it is possible to easily
isolate and analyze portions of the system, such as proposed development areas, without
requiring simulations to be performed on the entire system.
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Flexibility for Future Uses. With both packages, the facilities database can be easily
expanded to add more sewer facilities in the future and can be linked to future software, such
as maintenance management software. Both also could be used to predict hydrogen sulfide
generation and corrosion potential.



APPENDIX

Detailed Descriptions of Models

H,OMAP SWMM
H,OMAP Sewer
HYDRA
SewerGEMS
XP-SWMM



APPENDIX
Detailed Descriptions of Models

H>OMAP SWMM

H,OMAP SWMM,, developed by MWH Soft, is a stand-alone, comprehensive hydrologic,
hydraulic, and water quality simulation model for management of wastewater collection and
urban storm water systems.

Model Development

H,OMAP SWMM models can be developed using a variety of different sources. For example,
network components can be directly imported from an ArcGIS, ARC/INFO, or MaplInfo GIS,
or can be interactively created using a mouse by pointing and clicking. Scanned TIFF or BMP
aerial images or maps, or DXF maps of streets, parcels, and buildings can be displayed as a
background image, which would allow the digitizing of a network model and confirmation of
the network layout. H,OMAP SWMM has data exchange functionality that allows data
import and export in multiple formats that are compatible with GIS, CAD, and spreadsheets.

H,OMAP SWMM provides a comprehensive set of tools for thoroughly evaluating data in the
model. The range of tools includes geometry checks (overlapping nodes, missed connections,
conduit split candidates, etc.), object checks (orphan nodes, orphan links, etc.), tracing (trace
upstream, trace downstream), engineering validation (orifice setting too large, invalid pump
curve, etc.), network reviews (short conduits, incorrect slope), and many more. All of these
tools show results graphically.

H,OMAP SWMM can model many separate systems within the same model. It can activate
and deactivate network objects--enabling a single project file to include any number of
different systems — gravity systems, force mains, receiving streams, and treatment plants.
Model runs for these can be maintained separately and/or combined.

H,OMAP SWMM has a set of extendable information tables that can host any amount of data
for each pipe, manhole, pump, etc. It is possible to manage asset data utilizing this feature.
Furthermore, these fields can be installed to maintain data quality or data source fields.

H,OMAP SWMM offers many useful tools including;:

m Dry Weather Flow Allocation calculates dry weather loading rates based on water usage
billing records, land use planning, zoning, population and/or build out information.

m Subcatchment Manager can directly import or graphically create subcatchment
boundaries utilizing TIN, raster, grid, point or vector feature classes. This provides a
geographical representation of the contributing area for each manhole and allows
automatic calculation of the total area, impervious area, soil types, water quality buildup
and washoff functions. This feature provides significant time savings when compared
with the manual process.

Appendix - 1



APPENDIX
Detailed Descriptions of Models

m Calibrator uses genetic algorithm optimization to automatically adjust sewer parameters
to match any combination of flow, depth, and velocity measurements. Parameters can
include any combination of subcatchment, soil, aquifer, RDII, and conduit properties.

m Designer uses genetic algorithm optimization to automatically determine the most cost-
effective combination of pipe slope and size, storage volume, pumping capacity and new
piping to best convey sewer flows without surcharging, overflows, flooding, and
backups.

m Risk Assessment Manager can automatically compute the extent of sewer overflows and
flooding (volume and reach), calculate population at risk, pinpoint sources overloading
the system, locate system capacity limitations and blockages, and estimate property
damage costs. Overland flow pathways can also be quickly examined, showing the
lateral routes and spreading of floodwaters.

m Conduit Storage Synthesizer accurately determines storage capacity in a conduit
network (stage storage relationship) based on a dynamic analysis of the wastewater
system volume under changing heads when analyzing large and complex gravity-
pumped systems.

Modeling Capability

H,OMAP SWMM is a link-node based model that performs hydrology, hydraulic, and water
quality analysis of wastewater and storm water systems, including sewage treatment plants
and water quality control devices. Typical applications include predicting combined sewer
overflows (CSO), sanitary sewer overflows (SSO), interconnected pond analysis, open and
closed conduit flow analysis, design of new site developments, analysis of existing storm
water and sanitary sewer systems, infiltration and inflow (I/I) assessment, and real time
control (RTC) operational studies.

H,OMAP SWMM utilizes the EPA SWMM 5 hydraulic engine. The engine solves the complete
St. Venant (dynamic flow) equations throughout the drainage network and includes
modeling of backwater effects, flow reversal, surcharging, looped connections, pressure flow,
tidal outfalls, and interconnected ponds. Flow can also be routed through a variety of
different storage elements, such as detention ponds, settling ponds, and lakes.

Key additional modeling tools include:
m Ability to model hydrogen sulfide buildup and corrosion potential in sewer systems.

m Continuous Simulation Module for detailed, continuous modeling of the complete land
phase of the hydrologic cycle which allows for continuous, long-term analysis to look at
periods of both wet and dry weather, as well as inflows and infiltration to the sewer
network.
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m An advanced RTC rule that could be used to effectively simulate the operation of pumps
and flow regulating structures such as weirs, orifices, and outlets. Unlike Simple Controls,
RTC rules allow for the creation of multiple conditions to be satisfied before a control
action is performed. Each regulator or pump operates under the control logic encapsulated
into a set of simple logical rules and control functions.

Results/Output Features

H,OMAP SWMM'’s graphical capability includes horizontal plan plots, profile plots, and time
series plots; viewing animated extended period simulation (dynamic) results sequentially
using VCR style controls; and generating contours, graphs, and tables of modeling results.
Output results for pipes can be plotted with variable pipe widths and nodes with variable
radius to identify those areas of the network experiencing the most surcharge, flow, pollutant
concentration, etc. Statistics Manager can summarize entire model runs for just about any
output parameter, like total outfall volumes, total flood volumes, maximum flood levels, etc.

GIS Integration

H,OMAP SWMM provides hydraulic modeling in a single environment using a single dataset.
H,OMAP SWMM allows you to create, edit, modify, run, map, analyze, design and optimize
sewer network models and review, query and display simulation results.

Appendix - 3
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H>-OMAP Sewer

H,OMAP Sewer, developed by MWH Soft, is a stand-alone, comprehensive hydrologic,
hydraulic, and water quality simulation model for management of wastewater collection and
urban storm water systems.

Model Development

H,OMAP Sewer models can be developed using a variety of different sources. For example,
network components can be directly imported from an ArcGIS, ARC/INFO, or Maplnfo GIS,
or can be interactively created using a mouse by pointing and clicking. Scanned TIFF or BMP
aerial images or maps, or DXF maps of streets, parcels, and buildings can be displayed as a
background image, which would allow the digitizing of a network model and confirmation of
the network layout. H,OMAP Sewer has data exchange functionality that allows data import
and export in multiple formats that are compatible with GIS, CAD, and spreadsheets.

H,OMAP Sewer provides a comprehensive set of tools for thoroughly evaluating data in the
model. The range of tools includes geometry checks (overlapping nodes, missed connections,
pipe split candidates, etc.), object checks (orphan nodes, orphan links, etc.), tracing (trace
upstream, trace downstream), engineering validation (invalid pump curve, etc.), network
reviews (short pipes, incorrect slopes), and many more. All of these tools show results
graphically.

H,OMAP Sewer can model many separate systems within the same model. It can activate and
deactivate network objects--enabling a single project file to include any number of different
systems — gravity systems, force mains, receiving streams, and treatment plants. Model runs
for these can be maintained separately and/or combined.

H,OMAP Sewer has a set of extendable information tables that can host any amount of data
for each pipe, manhole, pump, etc. It is possible to manage asset data utilizing this feature.
Furthermore, these fields can be installed to maintain data quality or data source fields.

H,OMAP Sewer provides other useful tools to simplify model development including;:

m Load Allocator calculates dry weather loading rates based on water usage billing records,
land use planning, zoning, population, and/or buildout information.

m Detailed engineering reviewer to ensure data consistency with expected engineering values
based on engineering standards or any user-defined set of validation rules

m Comprehensive network auditor to validate proper connectivity and report missing data

m Provides automated adverse slope correction
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m Automatically identifies inappropriate flow circulating loops (cycles)
m Automatically calculates pipe invert elevations from pipe slope data

m Automatically evaluates invert data at manholes to locate out-of-tolerance drops

Modeling Capability

H,OMAP Sewer is a link-node based model that performs hydraulic and water quality
analysis of wastewater collection systems. Typical applications of H,OMAP Sewer include
predicting locations of sanitary sewer overflows (SSO), open and closed conduit flow
analysis, design of new site developments, analysis of existing sanitary sewer systems, and
infiltration and inflow (I/I) assessment.

H,OMAP Sewer modeling features include:

m H,OMAP Sewer models both dry weather and wet weather flows, and analyzes sanitary,
storm and combined sewers.

m Supports various methods of loading conditions including contributing population, service
area, peakable or unpeakable flows, or any other user-defined loading types. Considers
multiple loading categories at any manholes, each with its own pattern of time variation

(e.g. hydrographs).

m Accounts for infiltration/inflow effects using several methods including: count-based (e.g.,
defect-based), pipe surface area-based, pipe length-based, and pipe diameter length-based.

m Accommodates multiple outlets, supports any number of loops and parallel pipes, models
flow-splitting (bifurcation) diversions.

m Performs steady-state and extended period (dynamic) simulations, simulates unsteady
flow conditions. Analyzes both pressurized (force mains) and partial (free surface) flow
conditions; uses the Hazen-Williams (pressure) and Manning (open channel) friction
formulas; accounts for local headlosses for manholes and junctions.

m Peaks flows with commonly used peaking equations using flow based and population
based peaking curves. Simulates complex flow (hydrograph) attenuation (peak flow
damping effect) throughout the collection system using advanced Muskingum-Cunge
explicit diffusion (dynamic) wave model. It implements a dynamic flow routing model
based on the industry standard Muskingum-Cunge explicit diffusion wave algorithm (a
simplified form of the full one-dimensional Saint Venant equations neglecting inertial
terms) to accurately track spatial and temporal variation of sewage flows throughout
collection system.
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m Carries out accurate HGL calculations under surcharge conditions, models surcharges,
satisfies conservation of mass during a surcharged extended period simulation.

m Pumping facilities: Allows multiple series and parallel pumps and lift-stations to be
modeled using capacity flow (pump or wet-well capacity), two-point design flow
exponential curve, or multiple (3 points) head-flow pump characteristic curve ; models
constant speed pumps; models variable speed pumps (fixed flow pumps) - pump speed is
automatically adjusted to meet user specified targeted discharge flow; controls on-off
status of pumps based on time or wet well levels/volumes; allows for both constant
diameter or variable area wet-wells at pump stations.

m Automatically designs the entire network based on user specified system performance
criteria (e.g., depth-of-flow to diameter ratio, minimum and maximum velocities);
calculates sanitary sewer network replacement/improvement costs.

m Models any number of system conditions and compare them graphically, generates
animated profiles, creates graphs of time-varying network parameters (velocity, flow, etc.).
Automatically compares multiple scenarios to instantly identify and review differences in
input data sets, ability to view model results from multiple simulations

m Calculates the age of sewage (time of concentration throughout a network.
m Ability to model hydrogen sulfide buildup and corrosion potential in sewer systems.

m Models deposition and transport of sediments with time throughout the sewer collection
system

Results/Output Features

H,OMAP Sewer’s graphical capability includes horizontal plan plots, profile plots, and time
series plots; viewing animated extended period simulation (dynamic) results sequentially
using VCR style controls; and generating contours, graphs, and tables of modeling results.
Output results for pipes can be plotted with variable pipe widths and nodes with variable
radius to identify those areas of the network experiencing the most surcharge and flow.

GIS Integration

H,OMAP provides hydraulic modeling in a single environment using a single dataset.
H,OMAP Sewer allows you to create, edit, modify, run, map, analyze, design and optimize
sewer network models and review, query and display simulation results.

Appendix - 6



APPENDIX
Detailed Descriptions of Models

HYDRA

HYDRA consists of several modules for the hydrologic and hydraulic analysis of sewer
systems. Itis a proprietary package developed and distributed by Pizer, Inc. The modules
include a graphical interface to prepare data for analysis and view analysis results, a
hydraulic analysis engine to perform the hydrologic and hydraulic computations, and a GIS
tool to facilitate graphical data transfer between AutoCAD and HYDRA.

Model Development

HYDRA is used to develop link-node and spatially distributed models that are used for
analysis, design and simulation of both wastewater collection and storm drainage systems.
HYDRA includes stand-alone CAD and GIS tools that allow the user to create and modify the
network interactively on the screen using a mouse and graphic tools.

HYDRA has data input checking tools to prevent incorrect or inconsistent network structures
or data from being created. It supports importing backgrounds, a variety of file types
including AutoCAD and ArcView coverages. HYDRA also has tools to facilitate model
building by using data from other previous projects, other models and external sources.

Modeling Capability

HYDRA offers the following features for analysis of municipal sewer systems:

m Sanitary sewer flows - Tools to organize data and estimate flows using a variety of
methods including land use characteristics, service area basins, and parcels. Flows are then
loaded into the conveyance system on a pipe by pipe basis.

m Stormwater runoff - Flexible tools to simulate rain events, both for design storms and
actual storms, including intensity-duration-frequency curves, rain gauges, radar data, or
synthetic rain events. There are three methods available to calculate storm runoff.

m Infiltration and inflow (I&I) - HYDRA tracks each type of flow separately through the
collection system, including sanitary flow, groundwater infiltration, rainfall-derived
infiltration, and stormwater inflow. I&I can also be simulated for actual rain events.

m Hydraulic analysis for either steady-state (static) peak flow conditions or dynamic analysis
using an add-on module, as described further below.

m System design - In addition to modeling existing pipelines, HYDRA is able to design (size)
new sewers and provide construction cost estimates. The user provides basic design
criteria, such as allowable depth of flow and allowable velocities, and the program
automatically finds an optimal solution for the conditions.

Appendix - 7



APPENDIX
Detailed Descriptions of Models

m Worst-case scenario analysis - HYDRA can shift the timing of the storm so that the peak
sanitary flow coincides with the maximum peak storm flows, in order to simulate worst
case conditions for wet weather flows.

HYDRA'’s basic hydraulic engine performs a steady-state (static) analysis. It uses a simple
technique of routing hydrographs through a system and computes a hydraulic grade line for
the peak flow condition encountered. The basic engine is not dynamic, in that the equations
of continuity and momentum are not solved and hydraulic grade lines are computed
statically (at one point in time). HYDRA has features to perform backwater calculations and
generate hydraulic gradeline profiles. Storage, such as equalization or detention basins, can
be modeled using a user-specified volume-discharge curve.

There is an optional add-on module that allows HYDRA users to model portions of the sewer
collection system with SWMM EXTRAN. This SWMM EXTRAN module can be used for
dynamic analysis of portions of the system where there are extensive overflows or
surcharging in the system. Therefore, HYDRA can function as either a steady-state (static)
model only and/or as a dynamic model for those portions of the system analyzed with the
SWMM EXTRAN module.

Results/Output Features

The HYDRA package includes an AutoCAD software add-on tool called GISMaster to create
and edit drawings for use with HYDRA. HYDRA provides a variety of tabular reports,
graphics and other output formats. Exampled of pre-formatted results reports include system
summary report, existing pipe report, and pump report. The individual user can also create
customized report formats by exporting HYDRA input and results data into an external
spreadsheet, database or report program.

GIS Integration

HYDRA is a stand-alone product which exchanges data with standard GIS and CAD
programs. Graphical data and associated records can be exchanged using;:

m Shapefiles (SHP/.DBF) - exchange data with ESRA products including ArcGIS, ArcView,
ArcInfo and others.

m Drawing Exchanges Files (.DXF) - Exchange data with AutoDesk products including
AutoCAD and AutoDeskMap, as well as other CAD programs.

Data from external sources is mapped to specific HYDRA database fields, and then can be
manipulated within HYDRA.
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SewerGEMS

SewerGEMS was developed by Haestad Methods, a Connecticut based firm that is best
known for Cybernet/ WaterCAD, water distribution modeling software. Haestad Methods
was recently purchased by Bentley. Sewer GEMS is the most recently released version.

Sewer GEMS can be run using a stand-alone Windows interface or directly inside AutoCAD
or ArcGIS. Projects can be completed in the same fashion, whether through the Stand-Alone
graphical editor or the graphical user interface is used.

Model Development

Networks can be digitized in SewerGEMS directly to scale if there is a DXF background base
map or schematically. Scaled and schematic sections in the same project can be mixed and
matched, which can be convenient in tight areas of a drawing (such as at pump stations or
other complicated piping areas). A network can be imported from various sources: databases
and spreadsheets, including Jet (Microsoft Access), dBase, Paradox, BTrieve, FoxPro, Excel,
and Lotus; or use ODBC to connect to Oracle, SQL Server, and other popular database
applications, AutoCAD, AutoCAD Land Development Desktop / Civil Design (LDD/CD)
and ArcView. Sewer GEMS can handle different unit systems, different data types, and
multiple data sources. Another useful feature of SewerGEMS is the ability to undo and redo
an unlimited number of actions.

Model Capability

SewerGEMS allows for the development and computation of sanitary loads and simulation of
the hydraulic response of the entire system including gravity collection piping and pressure
force mains. It is capable of analyzing pressure or partial (free surface) flow conditions
automatically, including transitions. Gravity-based hydraulic grade lines are calculated using
standard-step gradually varied flow algorithms. Using these algorithms, SewerGEMS solves
for subcritical, critical, and supercritical conditions, even for complex composite profiles.

SewerGEMS’s comprehensive Scenario Manager and wizards enables the tracking of design
alternatives and multiple “what-if” conditions. Scenario management can be used to see how
the system reacts to different conditions, including all of the extended modeling capabilities.
Errors in data entry can be minimized with scenario management’s full data inheritance. This
allows for changes to be made easily, and lets the changes cascade through the inheritance
tree. This is called a parent-child relationship: if a part of the system changes, just revise the
appropriate "parent" data and let the "children" automatically update to reflect the change.

SewerGEMS features comprehensive design capabilities for sizing and locating sewer system
pipes on either a system-wide or pipe-by-pipe basis. Any number of separate sanitary sewer
networks can be combined into a single project file.
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SewerGEMS gives users the ability to have the option of performing fully dynamic
simulations with either the SWMM algorithm or the implicit solution of the full Saint-Venant
equations.

Results/Output Features

For results presentation, a sequence of pipes can be selected to profile for elevation, hydraulic
grade, pressure, etc. Hydraulic bottlenecks in the system can be pinpointed and possible
locations for pump installations can be selected. Profiles can be generated from any manhole
or junction chamber in the system. Input and output data from different scenarios can be
compared with tools like comparative annotation. SewerGEMS has animated profiles that
show the changes to the hydraulic grade line over time.

GIS Integration

SewerGEMS allows for sewer networks to be built from GIS layers and maintained in a single
database. If changes are made to the network in SewerGEMS, the Synchronize Shape File
function in the Shapefile Connection Wizard will automatically update the linked network.
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XPSWMM

XPSWMM is a product of XP Software. XP software has its headquarters in Australia and
offices in Portland, Oregon, and Ontario Canada. XPSWMM is fully dynamic model,
integrates SWMM modeling concepts into a comprehensive modeling and data management
system. XPSWMM is a stand-alone interface that has a similar look and feel to ArcGIS

Model Development

XPSWMM is used to develop link-node and spatially distributed models that are used for
analysis, design and simulation of storm and wastewater systems. XPSWMM'’s graphical
environment allows the modeler to create and modify the network interactively on the screen
using a mouse and graphic tools. It has graphical wizard guide through a range of optional
data. It has a data input checker to prevent incorrect or inconsistent network structures or
data from being created. It supports importing backgrounds, a variety of file types including
AutoCAD, Image Files and other ArcView coverages. XPSWMM also contains a variety of
tools to jump-start model building by using data from other previous projects, other models
and external sources.

Model Capability

XPSWMM simulates the complete hydrologic cycle in rural and urban watersheds. Including
single or multiple rainfall events and dry weather flows, it models through collection,
conveyance and treatment systems to the final outfalls. XPSWMM can generate flow
hydrographs using different method such as non-linear EPA SWMM and other hydrograph
methods such as SCS, SBUH, Rational method etc. XPSWMM allows loading and simulating
hydraulics in both separate and combined sewers. Temporal variation of both sanitary and
groundwater infiltration are fully accommodated.

The XPSWMM hydraulics engine solves for the complete St. Venant (Dynamic Flow) equation
for gradually varied, one dimensional, unsteady flow throughout the drainage network. The
calculation accurately models backwater effects, flow reversal, surcharging, pressure flow and
tidal outfalls and interconnected ponds. The model allows for looped networks, multiple
outfalls and accounts for storage in conduits. Flow can be routed using the USEPA EXTRAN
solution and with kinematic or diffused wave methods.

XPSWMM'’s Real Time Control (RTC) optional module expands the control capabilities for
gates, flow regulators, moveable weirs and telemetry-controlled pumps. It extends RTC to a
comprehensive management and design tool. It has sensors can be any combination of
velocity, flow and water levels at nodes, conduits, pumps weirs or orifices in the network.
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Results/Output Features

XPSWMM'’s graphical capabilities include providing horizontal plan plots, profile plots, and
time series plots. XPSWMM provides automatic color-coding of links and nodes based upon
any input or output property —allowing the network to be color-coded based upon pipe sizes,
flow rates, velocities, hydraulic grades, water quality concentrations, and any other attribute.
Model results for the entire simulation can be viewed in any profile, plan or section view. The
display of the animation is controlled by a set of VCR like buttons. At any time step the
animation may be printed or exported as a graphic file. The results may also be replayed on a
multi-panel view presenting a profile, cross section and hydrographs. XPSWMM has a
perspective view that allows viewing results in 3 dimensions. User may navigate the view by
zooming or changing the viewing locations.

XPSWMM has tools to generate customized tables for both input and output results. The
report can be for either node or link data. Tables may be easily formatted and exported to
other format.

GIS Integration

XPSWMM allows the user to import information from GIS, Asset Management, CAD package
or other database. Data can be linked to AutoCAD, ArcGIS, MaplInfo, Microstation, Excel,
dBase, Access or any other ODBC compliant database. Results may be exported to these
packages or other GIS database. XPSWMM allows ESRI and MaplInfo graphic files to act as
backgrounds.

Appendix - 12



Appendix B

Wastewater Flow Projections
Detailed Technical Information

B-1 Dry Weather Flow Calibration — Comparison Plots
B-2 Results of RDIlI Analysis by Meter Basin

B-3 RDII Envelopes by Meter Basin for Selection of Final R Values



Appendix B-1

Dry Weather Flow Calibration
Comparison Plots of Modeled vs Measured Flows
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Results of RDII Analysis by Meter Basin
for Metered Storm Events



Results of RDII Analysis by Flow Meter Basin for Metered Storm Events

Rainfall Over

Basin Ni‘:';:r Event Date P:f:_i; : (irfei) Sewe(red)Area RDI/I (mg) Pe(?:g';:)'/ "1 rr| Rt | R2 | R3 [Ta|T2|T3|Ka|K2|K3 R:‘::';:p%'a/ l)
mg
meter 1 2 1/4/2008 | 223 | 1385 83.87 1.09 205 |[130] 030 | 040 [ 060 [2|3]4a]2]al6| 1479
3 1/5/2008 | 0.49 | 1385 18.43 0.50 095 |270| 060 | 060 | 150 |2|3|4|2]4]s 687
4 1/8/2008 | 037 | 1385 13.92 0.14 043 |100| 030 | 030 | 040 |2|3|4]|2]4]s 310
5 1/22/2008 | 032 | 1385 12.03 0.18 047 |150| 040 | 060 | 050 |2|3|4a|2]4]s 339
6 1/25/2008 | 142 | 1385 53.40 0.59 100 |110| 030 | 040 | 040 [2]|3]4a|2]4|6 724
7 1/26/2008 | 0.76 | 1385 28.58 0.34 077 |120]| 030 | 050 | 040 |2|3|4a|2]4]s 558
8 2/19/2008 | 035 | 1385 13.16 0.13 040 |100| 030 | 040 | 030 |2|3|4|2]4]s 292
9 2/24/2008 | 031 | 1385 11.66 0.24 035 |210]| 030 | 060 | 120 |2|3|4|2]4]s 251
meter 2 1 12/6/2007 | 0.81 | 88 1.94 0.02 004 |110]| 040 | 050 | 020 [2|3]|6]|2]4]56 463
2 1/4/2008 | 223 | 88 5.33 0.09 017 |160]| 030 | 110 | 020 |2|3|6|2]|4a|6]| 1987
3 1/5/2008 | 049 | s8 1.17 0.03 007 |270]| 090 | 040 | 140 |2|3|6|2]4]s 830
6 1/25/2008 | 142 | 88 3.39 0.11 016 |310]| 030 | 140 | 140 |2|3|6]|2]|4|6]| 1806
7 1/26/2008 | 0.87 | 88 2.08 0.11 013 |530]| 080 | 090 | 360 |2|3|6|2]|4]6]| 1441
meter 3 1 12/6/2007 | 0.81 | 133 2.93 0.03 010 |090] 030 | 030 | 030 [2|4a|6]2]3]4 778
2 1/4/2008 | 223 | 133 8.05 0.19 038 |230]| 090 | 110 | 030 |2|4|6]|2]3|4]| 2886
3 1/5/2008 | 0.49 | 133 1.77 0.06 017 |330] 090 | 120 | 120 |2|a|6]|2]3|4a]| 1200
6 1/25/2008 | 142 | 133 5.13 0.17 025 |340| 090 | 140 | 110 |2|4|6]|2]|3|4]| 180
7 1/26/2008 | 0.85 | 133 3.07 0.16 025 |s520| 100 | 080 | 340 |2|4a|6]|2]|3|4a]| 1878
9 2/24/2008 | 031 | 133 1.12 0.04 008 |[330]| 080 | 140 | 110 |2|4|6|2]3]4 612
meter 4 1 12/6/2007 | 093 | 278 7.02 0.12 021 |[170]| 070 | 060 | 040 [2|3]|4a]2]3]56 759
2 1/4/2008 | 1.99 | 278 15.02 0.24 052 |160| 060 | 060 | 040 |2|3|4]|2]3|6]| 1870
3 1/5/2008 | 054 | 278 4.08 0.10 020 |250]| 090 | 090 | 070 |2|3|4|2]3]5s 715
6 1/25/2008 | 143 | 278 10.79 0.16 027 |150| 060 | 060 | 030 |2|3|4]|2]3]s 960
7 1/26/2008 | 087 | 278 6.57 0.16 023 |250| 050 | 050 | 150 |2|3|4|2]3]6 812
meter 5 2 1/3/2008 | 2.00 | 702 38.12 0.69 128 |18 030 | 100 | 050 [3]|a|s5|2|a|l6| 1820
3 1/5/2008 | 053 | 702 10.10 0.29 067 |290| 090 | 060 | 140 |3|a|s|2]4a]s 949
6 1/25/2008 | 143 | 702 27.26 0.52 068 |190]| 020 | 020 | 150 |3|4a|s5|2]4]s 973
7 1/26/2008 | 0.86 | 702 16.39 0.72 068 |440| 040 | 040 | 360 |3|4a|s5|2]4a]s 964
8 2/19/2008 | 035 | 702 6.67 0.04 023 |o60| 030 | 020 | 010 |3|4a|s5|2]4]s 326




Results of RDII Analysis by Flow Meter Basin for Metered Storm Events

. Rainfall Over
Basin Ni‘:';:r Event Date P:f:_')p : (::ei) Sewe(red)Area RDI/I (mg) Pe(?:g';:)'/ "1 rr| Rt | R2 | R3 [Ta|T2|T3|Ka|K2|K3 R:‘::';:p%'a/ l)
mg

meter 6 1 12/6/2007 | 2.23 | 198 11.99 0.06 2.05 050 030 o010 o010 1| 3| 6| 1| 3| 5| 10348
2 1/4/2008 | 049 | 198 2.63 0.02 0.18 070| 025 o025 o020 1| 3| 6 1| 3| 5| 922
3 1/5/2008 | 037 | 198 1.99 0.02 0.12 090| 020 o030 o040| 1| 3| 6 1| 3| 5| 603
6 1/25/2008 | 1.43 | 198 7.69 0.05 0.08 060 020 o020 o020 1| 3| 6 1| 3| 5| 423
8 2/19/2008 | 0.40 | 198 2.15 0.01 0.06 060 030 o010 o020 1| 3| 6 1| 3] 5| 311

meter 7 1 12/6/2007 | 0.92 | 205 5.12 0.07 0.12 140 o10| oe60| o70| 2| s| 8| 1| 2| 4| 602
2 1/4/2008 | 2.00 | 205 11.13 0.29 032 260 010 o080 100 2| s| 8 1| 2| 4 1542
3 1/5/2008 | 049 | 205 2.73 0.05 0.15 200 030 o070 200| 2| s| 8| 1| 2| 4| 741
6 1/25/2008 | 1.43 | 205 7.96 0.18 0.23 230 0.10| o030 19| 2| s| 8 1| 2| 4 1121
7 1/26/2008 | 0.87 | 205 4.84 0.23 0.18 470| o020 o030 390 2| 5| 8| 1| 2| 4 860
9 2/24/2008 | 031 | 205 1.73 0.04 0.06 220 020 120 os8o| 2| s| 8| 1| 2| 4| 311
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RDII Envelopes by Meter Basin
for Selection of Final R Values
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Meter 2 RDI/I Envelopes
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Meter 3 RDI/I Envelopes
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Appendix C

Regulatory Review
Summary of Meeting Minutes



Memorandum

To: Meeting Attendees (see below)
From: CDM Team
Date: December 4, 2009

Subject: Benicia Wastewater System Master Plan,
11/4/09 Regulatory Review Meeting Summary

Meeting Attendees
m City - Chris Tomasik, Jeff Gregory, Nate Rankin, Vicki Shidell, Kathy Trinque

m CDM - Andria Loutsch

m EOA - Tom Hall

Action Items

m CDM/EOA to submit revised regulatory matrix as part of draft report, addressing
comments received at meeting.

Discussion of Potential Regulatory Issues and Impacts

Overall, the City is in good shape relative to regulatory compliance. There are no new
significant regulatory issues they’re not already aware of and addressing.

The following information supplements the information available in the “Potential
Regulatory Issues and Impacts” table.

Cyanide

m Site-specific objectives were approved by the United States Environmental Protection
Agency (UPEPA) July 22, 2008. The attainable alternate limits for cyanide in the permit
were therefore effective on that date superseding the more stringent limits in Table 7 of the
permit.
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The Regional Board issued a cease and desist order (CDO) to the Wastewater Treatment
Plant (WWTP). The Regional Board would have to officially rescind it after a request by the
City. At this time, we recommend not reopening this issue with the Regional Board. The
issue is effectively moot since Exception 2 of the CDO states that “The cyanide-related time
schedule and prescribed actions in Table 2 shall cease to be in effect upon the effective date of the site-
specific objectives for cyanide in San Francisco Bay ...”

Mercury

The City continues to pay attention to dentists and amalgam separators. Benicia has
performed initial inspections of dentists and is formulating a dental amalgam control plan
to submit in January 2010 as required by the mercury watershed permit. Benicia is
considering purchasing amalgam separators for all 13 dentists in town.

The Bay Area Clean Water Agencies (BACWA) is compiling information for the annual
mercury consolidated Publicly Owned Treatment Works (POTW) reporting. BACWA is
moving slowly on the watershed permit for mercury requirements for developing a risk
reduction program for subsistence fishers.

Nutrients and Ammonia

Phosphates are not a serious issue in the Bay; ammonia is the more important issue.

Benicia is considering starting a new dilution study as required by the permit. If the new
study produces a lower dilution factor than the current factor, it could result in lower
effluent limits when the permit is reissued, which in turn may require revised plant
operations or new ammonia removal facilities. Benicia should continue to track ammonia
issues in the Bay and Delta.

Studies of the Delta and Suisun Bay have identified ammonia as a potential toxicant. These
concerns seem to be higher for the Delta than the Bay. As sediment loading to the Bay
decreases, water clarity will likely increase which may increase phytoplankton productivity
(eutrophication) to levels of concern. This would be a regulatory driver for more stringent
ammonia limits and possibly require nitrification and denitrification facilities at POTWs.

Dioxins and Furans

BACWA has drafted a blanket permit for the Regional Board which would allow the use of
bioaccumulation equivalency factors (BEF, a second multiplier along with TEFs used to
calculate toxicity equivalency (TEQ) concentrations). This would reduce reported TEQ
concentrations by a factor of 10 to 100 and reduce the potential for exceeding the permit
TEQ effluent limits accordingly. Adoption by the Regional Board is scheduled for February
2010. BEFs won't be allowed to be used for calculating TEQ values for the reasonable
potential analysis. The interim limits with the associated compliance schedule and the final
effluent limits are proposed to remain in permits.
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The Dioxin regional permit Attachment G has been updated. Changes include: 1) the
former Self Monitoring Program (SMP) Part A, Standard Provisions, and other standalone
monitoring and reporting requirements are now superseded and incorporated in
Attachment G; 2) Sanitary Sewer Overflow (SSO) reporting was incorporated; and 3)
Revised blending monitoring requirements were included. The new Attachment G, when
effective, would apply to all municipal and industrial National Pollution Discharge
Elimination System (NPDES) permits.

PCBs TMDL

On October 20, 2009, the State Water Board approved the San Francisco Bay
polychlorinated biphenyl (PCB) Total Daily Maximum Load (TMDL). The Office of
Administrative Law has 90 days to act on it after which the TMDL will become effective.

For compliance determination, agencies will be able to continue to use EPA Method 608
which has higher detection limits. Method 1668 has lower detection limits and measures all
209 PCB congeners. Use of Method 1668 would likely result in higher reported effluent
concentrations. Method 1668 will need to be approved by EPA and the Regional Board and
the TMDL be amended to incorporate it, before dischargers could be required to use this
method for NPDES and TMDL compliance evaluation purposes.

Selenium

Selenium is on the 303(d) list for the North Bay only. It is not really a compliance issue for
most wastewater treatment plants, but for refineries.

The Regional Board is in the process of preparing a TMDL. Most of the loading to the
North Bay is from Delta inflow so it is not clear that proposed TMDL objectives could be
achieved.

The EPA has discussed changing from total selenium water quality objectives to objectives
based on different species of selenium.

Contaminants of Emerging Concern (CECs)

Benicia recently received the first test results for CECs from the raw water at the North Bay
Regional Treatment Plant.

CECs have come up in the State Board’s recycled water policy. The Blue Ribbon Panel is
studying analytical methodology, which CECs to monitor, and thresholds of concern. The
Panel’s report is expected by May 2010. Advanced oxidation processes are fairly effective at
destroying CECs, but are expensive.
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Stormwater Diversion and Treatment

There may be a few places in the Bay area where it makes sense to divert contaminated
stormwater flow into the sanitary system for treatment. The Regional Board is focused on
this, but it is not known how effective the practice would be at reducing pollutant loadings
to the Bay. The stormwater Municipal Regional Permit (MRP) requires implementation of
several pilot stormwater diversion projects.

If there is future regulation on stormwater treatment, Benicia’s first choice would be to
route stormwater to the treatment plant. If that isn’t feasible, the City would install
separate on-site treatment devices within the stormwater system.

The Regional Board is more interested in treatment devices and pilot projects for new
development than in retrofits for existing development.

Trash control is a large focus of stormwater treatment in the MRP.

Blending

Benicia is ahead of the curve on wastewater blending given the extensive collection system
and treatment plant improvements made in the past. During the next permit reissuance,
Benicia should consider whether to continue with obtaining permit approval to allow for
blending operations under certain conditions. The alternative is to decide that the operation
occurs so infrequently that it is not necessary and not worth the potential risk of imposition
of additional permit and/or facility requirements.

Recycled Water

More regulatory initiatives are encouraging the use of recycled water. Benicia would need
more financial support to implement recycled water in the city.

Proposed legislation may pressure the Department of Public Health to develop indirect and
direct potable reuse criteria, update Title 22 criteria, and finalize groundwater recharge
criteria.

Biosolids Quality

Creating Class A biosolids, which are environmentally preferred, requires additional
heating, which has environmental consequences that must be considered.

Continue using methane from anaerobic digesters to heat boilers. There does not appear to
be enough excess methane production to effectively implement cogeneration.

Thermaflite has a sludge drying process that reduces the biosolids mass. The company had
contacted Benicia in the past to do a pilot test at the treatment plant, but there have been no
recent contacts. A sludge drying option will be evaluated in a separate master plan task.
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Sanitary Sewer Overflows

m Benicia believes mandatory minimum penalties for SSOs will become a reality. The
Regional Board will have to determine a threshold violation level.

Private Sewer Laterals

m Private sewer laterals are not a critical issue for Benicia because the city has already made
significant efforts on this front.

m The California Association of Sanitation Agencies (CASA) proposed legislation to inspect
private laterals upon home resale or major renovations. Lateral insurance is gaining
traction in some municipalities.

Air Quality Issues

m Benicia’s boilers are rated over the 1 million BTU/hour threshold for exemption from Rule
7. Jetf Gregory (City) and Ray Goebel (EOA) will discuss the interpretation and regulatory
implications if any from this issue.

m If Benicia moves towards nitrifying activated sludge, there may be more nitrogen oxide
(NOx) released from the nitrification process. NOx may a regulated greenhouse gas for
POTWs in the future, and has a much greater greenhouse gas impact than carbon dioxide
(COy). Benicia should continue to track this issue.
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Hydraulic Gradeline Profiles
Buildout Peak Flows



Profile P-1: Maximum HGL Profile for West Fork - Buildout Dry Weather
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Profile P-2: Maximum HGL Profile for West Fork - Buildout Wet Weather
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Profile P-3: Maximum HGL Profile for East Fork - Buildout Wet Weather
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Profile P-4: Maximum HGL Profile for East Channel Road - Buildout wet Weather
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Profile P-5: Maximum HGL Profile for Chelsea Hills Drive - Buildout Wet Weather
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Profile P-6: Maximum HGL Profile for West 7th Street - Buildout Wet Weather
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Profile P-7: Maximum HGL Profile for Southampton Road - Buildout Wet Weather
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Profile P-8: Maximum HGL Profile for Highway I-780 - Buildout Wet Weather
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Appendix E

Vendor Information:
Typical Belt Filter Press 12-Roller Conversion
Sludge Dryer Options
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