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Executive Summary

SEWER COLLECTION SYSYEM MASTER PLAN

This executive summary presents a brief background of the City of Chico (City) sanitary
sewer collection system, the need for this master plan, proposed improvements to mitigate
existing system deficiencies, and proposed expansion projects. A summary of capital
improvement project costs is included at the end of this chapter.

ES.1 INTRODUCTION

The City of Chico (City) was founded in 1860 by General John Bidwell and incorporated in
1872. The City has since grown to over 33 square miles with a population of 87,500 in the
incorporated area. The City maintains a special sense of community and small-town living
as it has developed into a vibrant regional center for business, recreation, and cultural
activities. There are also many recreational opportunities in and around Chico.

The City is located in the Northern Sacramento Valley of California in Butte County, on
State Highway Route 99, approximately 90 miles north of the City of Sacramento.

The City owns, maintains, and operates gravity sewer pipelines, force mains, sewer lift
stations, and the Water Pollution Control Plant (WPCP). The City collects wastewater from
residential, commercial, institutional, and industrial customers within its service area.

ES.2 STUDY AREA

The area serviced by the City is characterized as a growing and dynamic residential
community with a significant number of students or employees of California State
University, Chico (CSUC). There are varieties of residential neighborhoods ranging from
rural residential to very high density residential in the downtown commercial district.

There are also several open space areas within the City, including Bidwell Park, California
Park Lake, and the Chico Cemetery. The primary water bodies flow east to west through
the City service area, and include Big Chico Creek, Little Chico Creek, Lindo Channel,
Comanche Creek, and Sycamore Creek. The Sierra Nevada Mountains are located just
east of the City. The Sacramento River is located roughly 5 miles west of the current City
limits.

There are two major highways that run through the City. State Route 32 and 99 comprise
the City’s regional transportation network and serve much of the population in Butte County.
State Route 32 connects Chico residents to Glenn and Plumas counties to the west and
east, respectively. State Route 99 connects residents to Tehama and Sutter counties to the
north and south, respectively. Figure ES.1 shows the study area boundary and the current
City limits.

June 2013 ES-1
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Land use assumptions used in this study are consistent with the 2030 General Plan. Since
the land use assumptions forecast the type of growth within the study area, this association
to the Master Plan should ensure that the wastewater generation projections and facilities
required to serve future growth are consistent with the City’s guiding document on
development.

ES.3 SEWER SERVICE AREA OVERVIEW

The City’s collection system consists of sewer mains, trunk sewers, lift stations, and flow
diversions that collect and convey wastewater to the City’'s WPCP, which is located west of
the City on Chico River Road. The City’s existing sanitary sewer collection system is
comprised of roughly 266 miles of gravity collection system pipes up to 66-inches in
diameter. Figure ES.2 presents the existing City’s collection system, including sewer
diameters and lift station locations.

ES.4 WASTEWATER FLOWS

The average dry weather flow (ADWF) is the average flow that occurs on a daily basis
during the dry weather season. The ADWF includes the base wastewater flow (BWF)
generated by the City's users, plus dry weather groundwater infiltration (GWI).

Peak wet weather flow (PWWF) is the highest observed hourly flow that occurs following
the design storm event. The City’s sewers and lift stations were evaluated based on their
capacity to convey the “design flow (“design flow” is synonymous to PWWEF in this study).

A summary of the existing and build-out ADWF and the Design Flow is presented in

Table ES.1. The City's ADWF is projected to roughly double from 6.9 mgd to 13.9 mgd by
build out, whereas the PWWEF is projected to increase from 20.5 mgd to about 35.3 mgd by
build out (an increase of approximately 72-percent). Therefore, the City’'s PWWF to ADWF
peaking factor is projected to decrease from roughly 3.0 to 2.5, which is typical for sanitary
sewer collection systems.

Table ES.1  Current and Projected Wastewater Flow Summary
Sanitary Sewer Master Plan Update

City of Chico
Average Dry
Weather Flow Design Flow
Year (mgd) (mgd) Peaking Factor
Existing 6.9 20.5 3.0
Build-Out 13.9 35.3 2.5
ES-2 June 2013
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ES.5 CAPACITY EVALUATION AND PROPOSED IMPROVEMENTS

The capacity analysis identified areas in the sewer system where flow restrictions occur or
where pipe capacity is insufficient to convey design flows. Sewers that lack sufficient
capacity to convey design flows create bottlenecks in the collection system that can
potentially cause sanitary sewer overflows (SSOs).

For the existing sewer collection system, the PWWF was routed through the hydraulic
model. In accordance with the established flow depth criteria for existing sewers, manholes
where the hydraulic grade line (HGL) encroached within a distance halfway between the
manhole rim and the pipe crown, or five feet of the manhole rim, were identified.

Note that the pipelines with an HGL that encroached within five feet of the manhole rim are
not necessarily capacity deficient. In many cases, a surcharged condition within a given
pipeline segment is due to backwater effects created by a downstream bottleneck. For this
reason, the hydraulic model was analyzed to identify the pipeline segments that are the
cause of the surcharged conditions.

In general, the City’s collection system has sufficient capacity to convey current PWWFs
without exceeding the established flow depth criterion. However, there are a few areas
where capacity restrictions lead to flow depths that exceed allowable levels. Following the
completion of the existing system analysis, improvement projects and alternatives were
identified in order to mitigate existing system pipeline capacity deficiencies.

The build out system analysis was performed in a manner similar to the existing system
analysis. The purpose of the build out system evaluation is to verify that the existing system
improvements were appropriately sized to convey build out PWWFs, and to identify the
locations of sewers that are adequately sized to convey existing PWWEFs, but cannot
convey build out PWWFs. Additionally, new trunk sewers were added to the hydraulic
model and sized to service major growth areas beyond the current City sewer service area.

At build out, the City’s wastewater flows are expected to double. As such, there are some
areas of the existing collection system that cannot convey the build out PWWF without
flows backing up above allowable levels.

Figure ES.3 illustrates the improvements recommended to mitigate capacity deficiencies in
the existing sewer collection system and improvements to accommodate future growth as
identified by the hydraulic analysis. Details of each improvement are also provided in
Table ES.2.
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Table ES.2 Proposed Improvements
Sewer System Master Plan Update
City of Chico
Project Description Project Size Project Phasing
Existing Proposed
Type of Size Size Replace/ Length Phase 1 Phase 2 Phase 3 Phase 4
Improv. ID Improv. Description/Street Description/Limits (in.) (in) New (ft) (2013-2015) (2016-2020) (2021-2025) (2026-2030)
Project 1 - Chico River Road Trunk Sewer
P-1A Gravity  Chico River Road W. 5th Street to WPCP 12-24 24 Replace 17,800 X
P-1B Gravity  Near WPCP Junction Box Dual 18-inch Pipes Near WPCP Junction Box 18 18 Replace 150 X
pP-1C Gravity  Chico River Road At W. 5th Street -- 18 New 50 X
P-1D Gravity  Chico River Road At W. 5th Street -- 18 New 50 X
P-1E Gravity  Chico River Road At W. 5th Street -- 12 Mew 30 X
Project 2 - Oak/7th Street Sewer
P-2A Gravity = Oak Street/W. 7th Street Walnut Street to W. 5th Street 10 15 Replace 990 X
P-2B Gravity ~W. 7th Street Cedar Street to Walnut Street 10 12 Replace 340 X

Project 3 - 7th Street Sewer
P-3 Gravity E. 7th Street
Project 4 - Eaton Road Trunk Sewer
Gravity  Eaton Road
Casing  Eaton Road
Gravity  Eaton Road
Gravity = Cohasset Road
Project 5 - Cohasset Road Sewer
P-5 Gravity Cohasset Road
Project 6 - 21st/Franklin Street Sewer
P-6 Gravity  Franklin/E. 21st Street
Project 7 - 11th/Oakdale/12th Street Sewer
Gravity ~W. 11th/Oakdale Street
Gravity  W. 12th Street
Gravity ~ W. 12th Street
Project 8 - 11th Avenue Sewer

Olive Street to Main Street

Hicks Lane to West of Highway 99
Highway 99 Crossing

Cohasset Road to Hicks Lane

CMA Lift Station to Eaton Road

North of Thorntree Drive to CMA Lift Station
E. 20th Street to Mulberry Street

W. 12th Street to Chestnut Street Alley
Park Avenue to Oakdale Street
Connect Existing 18-inch Sewer

Holley Avenue to West of Cecelia Lane
Lassen Ave. Lift Station to Eaton Road
Linden Street to Poplar Street

Bruce Road to West of Highway 99
Highway 99 Crossing

North of Bruce Road to Bruce Road
Yosemite Drive to Upper Lake Court

At Fair Street

15
15
12

10
10

Replace

Replace
Replace

Replace
Parallel
In Ground

18 Replace
18 Replace
18/30 Replace

1,350

2,610
1,700
1,600

300
950

P-8 Gravity W. 11th Avenue
Project 9 - Silverbell Road Sewer
P-9 Gravity  Joshua Tree Rd/Silverbell Rd.
Project 10 - Humboldt Avenue Sewer
P-10A Gravity  Humboldt Avenue
P-10B Gravity  Humboldt Avenue
P-10C Casing  Humboldt Avenue
Project 11 - California Park Lake Sewer
P-11A Gravity  Near California Lake Park
P-11B Gravity  Near California Lake Park
Project 12 - 23rd Street Sewer
P-12 Gravity  E. 23rd Street
Project 13 - Northwest Trunk Sewer
P-13A Gravity = Near WPCP Junction Box
P-13B Gravity  Chico River Road
P-13C Gravity  E. of Alberton Ave./Muir Ave.
P-13D Casing E. of Alberton Ave.

P-13E Casing  West Sacramento Avenue

Dual 36-inch Pipes Near WPCP Junction Box
East of Alberton Avenue to WPCP

Railroad at Muir Ave. to Chico River Road
Creek Crossing

Creek Crossing

12 Replace
12 Replace
Replace
36 New
48 New
36 New
36/48 New
36/48 New

1,230 X
8,110 X
300 X
750 X
2,070 X
270
460 X
2,590 X
18,380 X
80 X
70 X







Table ES.2 Proposed Improvements

Sewer System Master Plan Update

City of Chico
Project Description Project Size Project Phasing
Existing Proposed
Type of Size Size Replace/ Length Phase 1 Phase 2 Phase 3 Phase 4
Improv. ID Improv. Description/Street Description/Limits (in.) (in) New (ft) (2013-2015) (2016-2020) (2021-2025) (2026-2030)
P-13F Casing  Muir Avenue Creek Crossing -- 36/48 New 30 X
P-13G Casing  Muir Avenue Highway 32 Crossing -- 36/48 New 60 X
P-13H Gravity  N. of Muir Ave./Carmack Dr. Northwest Chico LS to Railroad at Muir Ave. -- 30 New 8,480 X
P-13I Casing  Muir Avenue Railroad Crossing -- 30/48 New 80 X
P-14A Gravity Rodeo Avenue E. of Muir Ave. to the Northwest Trunk Sewer -- 15 New 2,550 X
P-14B Gravity  Rodeo Avenue East of Muir Avenue - 12 New 1,320 X
P-14C Gravity Near Rodeo Avenue Nord to South Rodeo Avenue -- 10 New 2,740 X
Project 15 - Esplanade Sewer
P-15 Gravity  Esplanade Garner Lane to Nord
Project 16 - North Chico Trunk Sewer
P-16A Gravity  Hicks Lane Cabello Way to Eaton Road -- X
P-16B Casing  Hicks Lane Creek Crossing -- X
P-16C Gravity  Hicks Lane North of Cabello Way to Cabello Way - X
Project 17 - Southeast Trunk Sewer
P-17A Gravity  Greenbelt near Comanche Creek Midway to West of Otterson Drive -- X
P-17B Gravity  Midway/Entler Avenue Highway 99 to Greenbelt -- X
pP-17C Gravity  Entler Avenue Southgate Avenue to North of Northfield Avenue -- 12 New 2,160 X
P-17D Gravity  Entler Avenue South of Southgate Avenue -- 10 New 2,500 X
Project 18 - Honey Run Trunk Sewer
P-18A Gravity  Cramer Lane/Skyway Road Potter Road to Highway 99 -- 18 New 6,450 X
P-18B Casing  Near Cramer Lane Highway 99 Crossing - 18/30 New 200 X
P-18C Gravity  Honey Run Road East of Skyway Road to Skyway Road -- 15 New 4,440 X
P-18D Gravity  Potter Road North of Skyway Road to Skyway Road - 15 New 1,010 X
P-18E Gravity  Field North of Skyway Road Field North of Skyway Road -- 12 New 1,470 X
P-18F Gravity  Field North of Skyway Road Field North of Skyway Road -- 10 New 1,540 X

Project 19 - Doe Mill Trunk Sewer

P-19 Gravity  Doe Mill Road

East of Potter Road to Bruce Road







ES.5.1 Existing Versus Future Improvement

An existing deficiency is one where the existing facility’s capacity is insufficient to meet the
planning criteria (e.g., pipeline upgrades required to prevent severe surcharging during the
design wet weather event) for existing users. If a project was proposed to correct an
existing deficiency exclusively, then existing users were assigned 100 percent of the
project’s benefit, and therefore, 100 percent of the costs.

The majority of the Master Plan improvements will serve future users, even when an
improvement calls for the upgrade of an existing facility. In these cases, an existing sewer
or lift station may have sufficient capacity to convey current PWWFs, but as growth
continues and more users are added to the system, the increased flow results in capacity
deficiencies. These projects, as well as new trunk sewers to extend wastewater collection
system service to future growth areas, are future improvements. Future users were
assigned 100 percent of the future project’s benefit and 100 percent of the costs.

In some cases, a project is needed to correct an existing capacity deficiency, but is sized to
accommodate additional flows from future development. In these cases, the hydraulic
modeling results were used to determine the cost breakdown between existing and future
users based on the ratio of existing and build out average dry weather flows.

ES.5.2 Project Prioritization

The majority of improvements listed in Table ES.2 are driven by future development, which
consist of new sewers that serve future growth or improvements to existing facilities that are
needed to serve future growth. When fully implemented, the capital projects will allow the
conveyance of PWWEFs to the WPCP during build out conditions.

Prioritizing the required capital improvements for the City’s sewer system is an important
aspect of this study. The improvement projects were prioritized based on the following
factors:

. Upgrading existing facilities to mitigate current capacity deficiencies and to serve
future users

. Building the new trunks necessary to serve future users

Improvements to existing facilities will provide sufficient capacity to mitigate existing issues

and to convey increased flows resulting from future growth. Future development will require
the construction of sewers to serve new users. The projects were grouped into the following
phases:

. Phase 1: Years 2013 through 2015
° Phase 2: Years 2016 through 2020
. Phase 3: Years 2021 through 2025
. Phase 4: Years 2026 through 2030
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The projects were phased based on the best available information for how the City will
develop moving forward. The actual implementation of the improvements serving future
users ultimately depends on growth. The priorities presented below are estimates, and
changes in the City’s planning assumptions or growth projections could increase or
decrease the priority of each improvement.

. Phase 1 Projects (2013-2015). The highest priority project for the existing system is
the Chico River Road Trunk Sewer Replacement (Project 1). City staff indicates that
this sewer is in extremely poor shape and is in need of replacement as soon as
possible. Therefore, this project is targeted for the first implementation phase.

Other projects targeted for the first phase include the Oak/7th Street Sewer (Project
2) and the 7th Street Sewer (Project 3). These are existing capacity deficient sewers,
and should be targeted for replacement in the early stages of the City capital
improvement plan (CIP).

. Phase 2 Projects (2016-2020). The second phase targets lower priority existing
system improvements, as well as additional growth related improvements which could
potentially be required in the relatively near term. Because Phase 1 is the shortest of
the four CIP phases, and because the Chico River Road Trunk Sewer Replacement
project represents a significant expense to the City in Phase 1, Project 4 (Eaton Road
Trunk Sewer) and Project 5 (Cohasset Road Sewer) are targeted for construction in
Phase 2. In addition, targeting this project in Phase 2 would allow the City time to
perform additional flow monitoring and I/ mitigation measures upstream of the Chico
Municipal Airport Lift Station to better isolate and potentially reduce or eliminate the
major sources of I/l that represent the need for this project.

Other growth related projects targeted for implementation in Phase 2 are the
21st/Franklin Street Sewer (Project 6), the 11th/Oakdale/12th Street Sewer (Project
7), and the Northwest Trunk Sewer. As previously noted, the actual rate of growth
within the City will dictate when these improvements will be constructed.

. Phase 3 and 4 Projects (2021-2025 and 2026-2030). Project 8 (West 11th Avenue
Sewer) and Project 9 (Silverbell Road Sewer) are recommended in order to abandon
two existing lift stations (the Holly Lift Station and the Lassen Avenue Lift Station).
These projects are targeted for Phase 3 because they do not specifically address a
capacity deficiency, and are therefore assigned a lower priority than the build out
system improvements targeted in Phase 2.

For the purposes of prioritization, the Phase 3 and 4 growth projects are viewed as
longer-term projects driven by development at the outer edges of the planning area,
and will be grouped together. The Phase 3 and 4 growth projects include the
following:

- Project 10 — Humbolt Avenue Sewer
- Project 11 — California Lake Park Sewer
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- Project 12 — 23rd Street Sewer

- Project 14 — Bell Muir Trunk Sewer

- Project 15 — Esplanade Sewer

- Project 16 — North Chico Trunk Sewer
- Project 17 — Southeast Trunk Sewer
- Project 18 — Honey Run Trunk Sewer
— Project 19 — Doe Mill Trunk Sewer

ES.6 CAPITAL IMPROVEMENT PLAN

The cost estimates presented in the capital improvement plan (CIP) have been prepared for
general master planning purposes and for guidance in project evaluation and
implementation. Final costs of a project will depend on actual labor and material costs,
competitive market conditions, final project scope, implementation schedule, and other
variable factors such as preliminary alignment generation, investigation of alternative
routings, and detailed utility and topography surveys.

The Association for the Advancement of Cost Engineering (AACE) defines an Order of
Magnitude Estimate, deemed appropriate for master plan studies, as an approximate
estimate made without detailed engineering data. It is normally expected that an estimate of
this type would be accurate within plus 50 percent to minus 30 percent. This section
presents the assumptions used in developing order of magnitude cost estimates for
recommended facilities.

The CIPs are prioritized based on their urgency to mitigate existing deficiencies and for
servicing anticipated growth. It is recommended that improvements to mitigate existing
deficiencies be constructed as soon as possible. The deficiencies in the future system have
a significant total capital cost that is best distributed based on the order in which the City
develops.

The improvements proposed in this study either benefit existing users, or are required to
service new development and future users. A summary of the existing and future user cost
share for the proposed projects by phase is summarized in Table ES.3.
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Table ES.3 Summary of Capital Improvement Costs
Sanitary Sewer Master Plan Update

City of Chico
Implementation Phase
Reimbursement 2013-15 2016-20 2021-25 2026-30 Total
Category (%, mill.) ($, mill.) ($, mill.) (%, mill.) (%, mill.)
Existing User 9.04 1.83 1.23 0.00 12.10
Future User 0.04 24.92 11.26 14.26 50.48
Total 9.08 26.75 12.50 14.26 62.58
Notes:
(1) Costs are based on ENR CCI 20-City Average of 9,351 (August 2012).
ES-18 June 2013
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Chapter 1
BACKGROUND

This chapter presents a brief summary of the sanitary sewer system service area, the need
for this Sanitary Sewer Master Plan Update (Master Plan) and the objectives of the study. A
list of abbreviations is also provided to assist the reader in understanding the information
presented.

1.1 INTRODUCTION

The City of Chico (City) was founded in 1860 by General John Bidwell and incorporated in
1872. The City has since grown to over 33 square miles with a population of 87,500 in the
incorporated area’. The City maintains a special sense of community and small-town living
as it has developed into a vibrant regional center for business, recreation, and cultural
activities. There are also many recreational opportunities in and around Chico.

The City is located in the Northern Sacramento Valley of California in Butte County, on
State Highway Route 99, approximately 90 miles north of the City of Sacramento.
Figure 1.1 presents a location map of the City.

Modern-day Chico began with a 290-acre street grid pattern that is now Downtown. Early
development included the California State University, Chico (CSUC) campus, the
Downtown core, and the surrounding neighborhoods. The landscape, resources,
topography, and amenities in and around Chico have helped shape the community over
time. Chico has come to be recognized as a regional center for recreation, education,
shopping, employment, and health services affording Chico residents an excellent quality of
life?.

The City owns, maintains, and operates gravity sewer pipelines, force mains, sewer lift
stations, and the Water Pollution Control Plant (WPCP). The City collects wastewater from
residential, commercial, institutional, and industrial customers within its service area.

1.2 SEWER SERVICE AREA

Figure 1.2 illustrates the City’s current sewer service area. The City manages and
maintains approximately 266 miles of gravity sewer lines up to 66-inches in diameter, 13 lift
stations, and associated force mains. All wastewater generated within the sewer service
area is conveyed to the City’s WPCP for treatment.

The land use assumptions in this Master Plan were based on the Chico 2030 General Plan
(2030 General Plan) and projected future developments within the City’s proposed Sphere

L www.chico.ca.us
% Source: Chico 2030 General Plan, April 2011
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of Influence (SOI), as defined by the 2030 General Plan. Should future planning conditions
change from the assumptions stated in this Master Plan (i.e., accelerated growth, more
intense developments, etc.), revisions and adjustments to the Master Plan
recommendations would be necessary.

1.3 PREVIOUS MASTER PLAN

The City’s original Sanitary Sewer Master Plan was developed in 1985 by Brown and
Caldwell. More recently, the City’s Sanitary Sewer Master Plan was updated by Carollo
Engineers in 2003. The objective of the 2003 Sanitary Sewer Master Plan Update was to
evaluate the capacity of the City’s collection system during peak wet weather flows and to
develop a capital improvement program to provide the City with a reliable and economic
wastewater collection system for the future.

A major component of the 2003 Sanitary Sewer Master Plan Update was the development
of a hydraulic model of the City’s sanitary sewer collection system. The hydraulic model
was created in Version 6.1 of the HYDRA hydraulic modeling software application,
developed by Pizer, Inc. (Pizer). The model was assembled using the City’s Geographic
Information System (GIS) data, lift station drawings, supplemental survey work, and input
from City Staff, and calibrated to both dry and wet weather flows.

Upon completion of the dry and wet weather flow calibration, a capacity analysis of the
modeled collection system was performed for both existing and build out peak wet weather
flows. Capital projects were then developed to mitigate the model simulated capacity
deficiencies. In total, the 2003 Sanitary Sewer Master Plan Update recommended
$44,193,000 in capital improvements (in September 2002 dollars) to the collection system,
of which $1,733,000 was allocated to existing customers.

1.4 SCOPE AND AUTHORIZATION

The purpose of this Master Plan is to update the 2003 Master Plan and to identify capacity
deficiencies in the sanitary sewer system, develop feasible alternatives to correct these
deficiencies, and plan the infrastructure that will serve future development projected by the
Chico 2030 General Plan. In October 2011, the City approved a professional service
agreement with Carollo Engineers, Inc. (Carollo), to prepare this Master Plan Update for the
sanitary sewer. The professional services agreement, which was amended in February
2012, included the following main tasks:

. Task 1 - Project Management
. Task 2 - System Modeling and Capacity Needs Determination
. Task 3 - Capital Improvement Program

o Task 4 - Master Plan Report

1-2 June 2013

pw://Carollo/Documents/Client/CA/Chico/8847A00/Deliverables/SSMPU_Ch01



Orl

Paradise

dl
[

ras y

arysvi

€l

Aub!
Linct

L C
t—— 4]
5
- eights F Al
/E ™
West Sa
- SR
“\
L\ WA\ S~ -
\ = (fw;i — l
Legend Figure 1.1
ih Regional Location Map
* City of Chico Urban Areas Sanitary Sewer Master Plan Update
|| county Boundar City of Chico
—— Major Roads ¥ y h e 15Mlles C cgré"'-s‘.y

Hydrography







MERIDIAN-RD

% wrcp

Pipelines

8 \—l ' Legend
‘.IJ Existing Sanitary Sewer System
B Lift Station
2

z
-
%)
N4
Q
T

Salvation Army
— 10" and Smaller

— 12"-18"
?_ —— 21" - 27"
,) L(})‘J "
\ 2 il === 30" and Larger
a5
VAN

=

Sanitary Sewer Service Area

] city Limits

Chico:Municipal Ai

McKin!ey Ranch I \'
L TON°RS)

NORD HWY
?‘% Parks
Gy,

: —'-r'—[’m.>'- Water Body
z

E] e Parcels

Creekside Landing = l?_j ]
E L
12 A
BELL RD < R S

Feet
0 5,000 10,000

BRUCE RD 4 %
et ‘

HONEY RUN RD

Figure 1.2
Sanitary Sewer Service Area
Sanitary Sewer Master Plan Update

City of Chico

CITYor CHICO
INC 1872

SKYWAY

C car~lia

Engineers...Working Wonders With Water ®







1.5 REPORT ORGANIZATION

The Master Plan report contains seven chapters, followed by appendices that provide
supporting documentation for the information presented in the report. The chapters are
briefly described below:

Chapter 1 - Introduction. This chapter presents the need for this Master Plan and the
objectives of the study. Lists of abbreviations and reference materials are also provided to
assist the reader in understanding the information presented.

Chapter 2 - Study Area Description. This chapter presents a description of the study
area, defines the planning horizon for this study, and summarizes the land use
classifications.

Chapter 3 - Flow Monitoring Program. This chapter defines the typical components of
wastewater in a collection system and the temporary flow monitoring program conducted as
part of this study. The data and results from the flow monitoring program are summarized
and discussed.

Chapter 4 - Collection System Facilities and Hydraulic Model. This chapter describes
the development and calibration of the City’s collection system hydraulic model. A
description of the City’s previous hydraulic model, the advantages of the newer modeling
software being used for this Master Plan, and an outline of the steps used to build the
model are provided. A detailed summary of the hydraulic model calibration steps,
standards, and results for both dry weather and wet weather conditions is also provided.

Chapter 5 - Planning Criteria and Design Flows. The capacity of the City’s sanitary
sewer collection system was evaluated based on the planning criteria defined in this
chapter. The planning criteria address the collection system capacity, gravity sewer pipe
slopes, and maximum allowable depth of flow within a sewer. This chapter also summarizes
the existing and build out design flows.

Chapter 6 - Capacity Evaluation and Proposed Improvements. This chapter discusses
the hydraulic evaluation of the sewer collection system and the proposed projects that
correct capacity deficiencies and serve future users.

Chapter 7 - Capital Improvement Plan. This chapter presents the capital improvement
projects, a summary of the capital costs, and a basic assessment of the possible financial
impacts on the City. This chapter presents the recommended capital improvement plan
(CIP) for the City collection system and a summary of the capital costs.
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1.7 ABBREVIATIONS AND DEFINITIONS

To conserve space and to improve readability, the following abbreviations are used in this
report.

°F Degrees Fahrenheit

2030 General Plan  Chico 2030 General Plan

AACE Association for the Advancement of Cost Engineering
AAF Average Annual Flow

ADWF Average Dry Weather Flow

BWF Base Wastewater Flow

Carollo Carollo Engineers, Inc.

CCTV Closed-Circuit Television

CEQA California Environmental Quality Act

cfs Cubic Feet Per Second

CIP Capital Improvement Plan

City City of Chico

CSucC California State University, Chico

d/D Flow Depth To Pipe Diameter Ratio

DWF Dry Weather Flow

ENR CCI Engineering News Record Construction Cost Index
EPA United States Environmental Protection Agency
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ft/s
ft?
GIS
gpd
gpd/ac
gpm
GUI
GWI
HGL
HP
I/l
IDW

Master Plan

NRCS
PWWF
RDII
ROW
SOl
SPA
SSO
SWMM
V&A

WaPUG
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Feet Per Second

Square Feet

Geographic Information System
Gallons Per Day

Gallons Per Day Per Acre

Gallons Per Minute

Graphical User Interface
Groundwater Infiltration

Hydraulic Grade Line

Horsepower

Infiltration and Inflow

Inverse Distance Weighting
Sanitary Sewer Master Plan Update
Million Gallons Per Day

Mean Sea Level

Manning Friction Coefficient
Natural Resources Conservation Service
Peak Wet Weather Flow

Rainfall Derived Infiltration and Inflow
Right Of Way

Sphere of Influence

Special Planning Area

Sanitary Sewer Overflow
Stormwater Management Model
V&A Consulting Engineers, Inc.

Wastewater Planning Users Group
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WPCP Water Pollution Control Plant

WWF Wet Weather Flow

1.8 REFERENCE MATERIAL
The following documents were referenced in the preparation of this Master Plan:
. Chico 2030 General Plan, PMC, April 2011.

. Chico 2030 General Plan Update Draft Environmental Impact Report, PMC,
September 2010

. City of Chico Sanitary Sewer Master Plan Update Report, Final, Carollo Engineers,
May 2003.

. City of Chico Sewer System Management Plan, 1** Audit, RMC Water and
Environment, July 2011.
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Chapter 2
STUDY AREA DESCRIPTION

This chapter presents a description of the study area, defines the planning horizon for the
study, and summarizes the land use classifications.

21 STUDY AREA

The area serviced by the City of Chico (City) is characterized as a growing and dynamic
residential community with a significant number of students or employees of California
State University, Chico (CSUC). There are a variety of residential neighborhoods ranging
from rural residential to very high density residential in the downtown commercial district.

There are also several open space areas within the City, including Bidwell Park, California
Park Lake, and the Chico Cemetery. The primary water bodies flow east to west through
the City service area, and include Big Chico Creek, Little Chico Creek, Lindo Channel,
Comanche Creek, and Sycamore Creek. The Sierra Nevada Mountains are located just
east of the City. The Sacramento River is located roughly 5 miles west of the current City
limits.

There are two major highways that run through the City. State Route 32 and 99 comprise
the City’s regional transportation network and serve much of the population in Butte County.
State Route 32 connects Chico residents to Glenn and Plumas counties to the west and
east, respectively. State Route 99 connects residents to Tehama and Sutter counties to the
north and south, respectively®.

The City’s proposed Sphere of Influence (SOI), as defined in Chico 2030 General Plan
(2030 General Plan) is the study area boundary for this Sanitary Sewer Master Plan Update
(Master Plan). The Master Plan study area boundary and the SOI are synonymous and will
be used interchangeably throughout this report. The SOI extends beyond the current sewer
service area and is approximately 28,094 acres (43.9 square miles). This Master Plan is
intended as the guiding document to plan and implement sewer system improvements to
accommodate future growth within the SOI. Figure 2.1 shows the study area boundary and
the current City limits.

2.2 PLANNING PERIOD

The Master Plan study area is intended to include the existing City limits and development
that could occur through build out of the City’s proposed SOI. Existing and build out land
uses within the study area are discussed in this chapter.

! Chico 2030 General Plan Update Draft Environmental Impact Report, September 2010.
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2.3 CLIMATE

The City’s study area is characterized by a Mediterranean-type climate with wet, mild
winters, and warm, dry summers. Table 2.1 summarizes the maximum and minimum
monthly temperatures as well as the average monthly precipitation. January is the City’s
coldest and wettest month, with an average high temperature of 53.9 degrees Fahrenheit
(°F), an average low temperature of 35.6 °F, and 5.3 inches of precipitation. July is the
City’s hottest month, with an average high temperature of 96.4 °F and an average low
temperature of 60.3 °F. Approximately 80 percent of the annual rainfall occurs between
November and April, with an average annual rainfall of 25.66 inches.?

Table 2.1 Study Area Climate
Sanitary Sewer Master Plan Update

City of Chico
Month Average Average Average

Maximum Temperature Minimum Temperature Monthly Rainfall

(°F) (°F) (inches)

January 53.9 35.6 5.30
February 60.2 38.6 4.44
March 65.6 40.9 3.43
April 72.8 44.6 1.85
May 81.2 50.5 0.98
June 89.7 56.4 0.45
July 96.4 60.3 0.02
August 94.8 58.0 0.09
September 89.5 54.2 0.44
October 78.6 47.1 1.38
November 64.9 40.1 2.92
December 54.9 35.9 4.38
Annual 75.2 46.8 25.66

Notes:
(1) Source: Western Regional Climate Center, Chico Experiment Station 041715, www.wrcc.dri.edu.

% Source: Historical data from Western Regional Climate Center, Chico Experiment Station 041715.
www.wrcc.dri.edu
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24  TOPOGRAPHY

The City is located on the Sacramento Valley floor near the base of the Sierra/ Nevada
Mountains. The majority of the City is relatively flat and sloping to the southwest, but
elevations increase on the eastern side of the City limits approaching the foothills. The City
ranges in elevation from about 132 feet above mean sea level (MSL) in the west to about
1,666 feet above MSL in the hills in the east. The average elevation throughout the City is
approximately 230 above MSL. Figure 2.2 shows the general topography of the study area.

25 LAND USE

The 2030 General Plan guides development within the City’s planning boundary and
establishes the long-range development policies. The 2030 General Plan also provides land
use projections. Land use information is an integral component in determining the amount
of wastewater generation within the City. The type of land use in an area will affect the
volume and character of the wastewater generation. Adequately estimating the generation
of wastewater from various land use types is important in sizing and maintaining effective
sewer system facilities.

Land use assumptions used in this study are consistent with the 2030 General Plan. Since
the land use assumptions forecast the type of growth within the study area, this association
to the Master Plan should ensure that the wastewater generation projections and facilities
required to serve future growth are consistent with the City’s guiding document on
development. Figure 2.3 illustrates the different land uses found in the General Plan. The
study area’s land use designation and respective acreage totals are summarized in

Table 2.2. As can be seen in Table 2.2, the City is expected to grow from approximately
12,000 acres of currently developed lands to approximately 28,000 acres or approximately
135 percent. Appendix A provides a description of the different land uses. The descriptions
are excerpts from the General Plan.

2.5.1 Existing Wastewater Service Area Land Use

The City provides wastewater collection service to residents, businesses, and other
institutions within its City limits. Table 2.2 provides the acreage totals by land use
classification within the proposed SOI. Also included in Table 2.2 are the land use totals for
the current service area, and the breakdown between developed land, which generates
wastewater flow, and undeveloped land that will be developed in the future. The City’s
current sewer service area consists of approximately 14,390 acres (includes developed and
undeveloped land) or 22.5 square miles.

The largest land use category is residential (very low density, low density, medium density,
medium-high density, high density, and residential mixed use), which accounts for
approximately 44 percent of the total current sewer service area.
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Commercial and industrial land uses (neighborhood commercial, commercial mixed use,
commercial services, office mixed use, industrial/office mixed use, and manufacturing and
warehousing) make up approximately 16 percent of the total. Other land uses such as
public facilities and services, primary and secondary open space, streets, and other
miscellaneous land uses account for approximately 40 percent of the total service area.

2.5.2 Build Out Wastewater Service Area Land Use

At build out of the proposed SOI, the City will encompass approximately 28,094 acres. Build
out is defined as development of all land within the proposed SOI. Figure 2.3 and Table 2.2
include three different types of new growth within the City’s proposed SOI that include
special consideration due to the significant impacts that growth or development within these
areas could mean to wastewater flows and the potential impacts to the collection system.
These include:

. Special Planning Areas (SPAs). This designation identifies areas with significant
new growth potential and carries a requirement for subsequent planning prior to
development. Within each SPA, the City has identified a mix of desired land uses in
the form of a conceptual land plan. The 2030 General Plan identifies five separate
SPAs, which are shown in gray on Figure 2.3:

- Bell Muir

- Barber Yard

- Doe Mill/Honey Run
- North Chico

- South Entler

. Opportunity Sites. This designation identifies areas that provide a greater
opportunity for change or improvement within the General Plan planning horizon.
These Opportunity Sites have parcel-specific land use designations as well as special
policy considerations. Opportunity Sites are shown on Figure 2.3 with a purple outline
with a purple diagonal hatch fill pattern and labeled with numbers. There are a total of
15 Opportunity Sites.

o Resource Constraint Overlays. The Land Use Diagram identifies three areas with
sensitive biological resources that will constrain development. Resource Constraint
Overlay areas are identified on Figure 2.3 by a brown outline with a brown diagonal
fill pattern.

These areas were considered separately during the development of the wastewater flow
projections. Chapter 5 summarizes the methods used for the development of flows within
these planning areas.
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Table 2.2 General Plan Land Use
Sewer System Master Plan Update
City of Chico
Existing Sewer Service Area Build Out Sewer Service Area
Developed Area Vacant Area Non-RCO/ Resource
Non-Opportunity Opportunity = Developed Non-Opportunity Opportunity Vacant Area Opportunity Constraint Opportunity | Total Buildout

Area Area Area Subtotal Area Area Subtotal Total Area Area Overlay Area Area
Land Use Category (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)
VLDR Very Low Density Residential 214.9 0.0 214.9 89.8 0.0 89.8 304.7 1,545.6 186.3 0.0 1,731.9
LDR Low Density Residential 3,718.1 22.1 3,740.1 578.3 11 579.4 4,319.5 5,018.0 551.3 23.2 5,592.5
MDR Medium Density Residential 640.5 77.8 718.3 212.7 13.7 226.4 944.6 1,005.7 41.9 91.5 1,139.0
MHDR Medium-High Density Residential 481.3 88.2 569.4 102.0 4.4 106.3 675.7 680.8 24.5 92.5 797.9
HDR High Density Residential 4.7 1.6 6.3 4.4 0.0 4.4 10.6 9.0 0.0 1.6 10.6
CS Commercial Services 109.3 5.7 115.0 13.6 4.5 18.2 133.2 194.0 0.0 10.2 204.2
NC Neighbhorhood Commerical 26.7 16.4 43.2 22.3 5.0 27.3 70.5 73.3 0.0 21.5 94.7
RC Regional Commercial 71.3 242.3 313.6 67.5 36.0 103.5 417.1 138.9 0.0 278.3 417.2
MW Manufacturing and Warehousing 448.2 3.1 451.3 219.8 0.0 219.8 671.2 1,301.1 482.3 3.1 1,786.5
IOMU Industrial/Office Mixed Use 0.0 70.0 70.0 60.5 2.1 62.6 132.6 41.6 0.0 91.0 132.6
OMU Office Mixed Use 280.0 55.7 335.8 49.3 7.0 56.2 392.0 324.3 5.0 62.7 392.0
CMU Commercial Mixed Use 199.4 260.3 459.7 52.3 155 67.8 527.5 336.2 3.3 275.8 615.3
RMU Residential Mixed Use 0.5 49.2 49.7 0.0 18.9 18.9 68.6 0.1 0.0 68.1 68.2
SMU Special Mixed Use 4.3 0.0 4.3 192.5 0.0 192.5 196.8 196.8 0.0 0.0 196.8
PFS Public Facilities and Services 665.3 15.0 680.3 296.1 0.0 296.1 976.4 2,037.3 0.0 15.0 2,052.3
SPA Special Planning Area 11.0 0.0 11.0 133.8 0.0 133.8 144.8 2,733.4 0.0 0.0 2,733.4
POS Primary Open Space 1,112.5 3.7 1,116.2 0.2 0.0 0.2 1,116.4 5,202.0 0.0 3.7 5,205.7
SOS Secondary Open Space 401.0 84 409.4 315 0.4 32.0 441.3 1,704.8 0.0 8.8 1,713.6
Streets, Canals, etc. 2,369.5 300.7 2,670.2 0.0 0.0 0.0 2,670.2 2,909.1 0.0 300.7 3,209.8
Agriculture 175.5 0.0 175.5 0.0 0.0 0.0 175.5 0.0 0.0 0.0 0.0
Total 10,934.0 1,220.3 12,154.2 2,126.7 108.5 2,235.2 14,389.5 25,451.9 1,294.7 1,347.7 28,094.2







Chapter 3
FLOW MONITORING PROGRAM

This chapter defines the typical components of wastewater in a collection system and the
temporary flow monitoring program conducted as part of this study. The data and results
from the flow monitoring program are summarized and discussed.

3.1 FLOW MONITORING SITES AND RAIN GAUGES

As part of the Scope of Services for this Sewer System Master Plan Update, Carollo
Engineers, Inc. (Carollo) contracted with V&A Consulting Engineers (V&A) to conduct a
temporary flow monitoring program within the City of Chico (City) sanitary sewer collection
system. The purpose of the flow monitoring program was to assist in the development of
design flow criteria, and to correlate actual collection system flows to the hydraulic model
predicted flows. Flow monitoring data was also used to calibrate the collection system
hydraulic model for dry weather and wet weather flow, and to help to identify areas of the
system with the highest rates of infiltration/inflow (I/1). The temporary flow monitoring
program was conducted for a period of approximately 10.5 weeks from February 23, 2012
to May 7, 2012.

The “Sanitary Sewer Flow Monitoring and Inflow/Infiltration Study, August 2012” prepared
by V&A summarizes the flow monitoring program and was submitted to the City of Chico
(City) as a stand-alone report. A copy of the report is included in Appendix B.

3.1.1 Flow Monitoring Sites and Tributary Areas

A total of seventeen (17) open-channel flow meters were installed at locations selected by
Carollo and the City. The meter sites were selected to best isolate and model the critical
areas and subareas within the sewer system. The 17 flow monitoring locations, as well as
the area tributary to each site, are shown on Figure 3.1. Table 3.1 lists the flow monitoring
locations and the diameters for the sewers where the meters were installed. Figure 3.2
provides a schematic illustration of the flow monitoring locations.

3.1.2 Flow Meter Installation and Flow Calculation

A mixture of Teledyne Isco 2150, Hach Sigma 910, and Marsh-McBirney Flo-Dar flow
meters were used for this project. Isco 2150 and Sigma 910 meters use a pressure
transducer to collect depth readings and ultrasonic Doppler sensors on the probe to
determine the average fluid velocity. A Flo-Dar flow meter is a hon-contact flow meter that
uses radar to measure velocity and a down-looking ultrasonic sensor to measure depth.
V&A selected the optimal type of flow meter to use on a site-to-site basis based on the
hydraulic characteristics at each site, as well as other factors. For example, the Flo-Dar flow
meter is commonly used in high velocity, small diameter pipes.
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Table 3.1 Flow Monitoring Locations
Sanitary Sewer Master Plan Update

City of Chico

Monitor Manhole Pipe Diameter Location

Site ID (in)

1 54002 30 460 W. East Avenue

4 35012 36 1190 Glenwood Avenue

5 45045 15 1042 Nord Avenue

6A 45024 18 1000 W Sacramento Avenue

6B 45010A 18 1000 W Sacramento Avenue

66003 15 150 feet from E 10th Street on Humboldt Avenue
35050 24 Intersection of W Sacramento Avenue and

Westmont Court

9 46040 21 Intersection of Rose Avenue and Santa Clara
Avenue

10 47014 18 Intersection of Pomona Avenue and Dayton Road

11 47015 33 Dayton Rd between Poppy Street and Mcintosh
Avenue

12 46149 14 Intersection of Hickory Street and W 5th Street

13 46097 12 Intersection of Maple Street and W 5th Street

14 47013 18 Intersection of Pomona Avenue and Dayton Road

15 57040 27 2309 Park Avenue

16 64016 33 600 El Varano Way

17 64073 24 Intersection of Tom Polk Avenue and Lynnwood
Court

18 46075 10 Intersection of Warner Street and La Vista Way

In order to ensure that each meter was accurate and calibrated, manual level and velocity
measurements were taken by V&A when each meter was installed and again when they
were removed. These manual measurements were compared to simultaneous level and
velocity readings from the flow meters. The pipe diameter was also verified, because the
pipe diameter is needed to calculate flow rate in a pipe based on the velocity and level
measurements. In addition, the depth of sediment, if any, was measured as this affects the
cross sectional area of flow within a pipe.
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V&A conducted an analysis of the data retrieved from each flow meter, and made
adjustments as needed for calibration based on the field measurements, and to account for
any sediment build up. The flow at each meter was then calculated at 5-minute intervals
based on the continuity equation:

Q=VxA

where,

Q = Pipeline flow rate, cfs

V = Average velocity, ft/s

A = Cross sectional flow area, ft?

Finally, the 5-minute flow, velocity, and level data were aggregated into 15-minute
increments.

3.1.3 Rain Gauges

Two rain gauges were installed by V&A as part of the flow monitoring program to capture
rainfall that occurred throughout the study area. The location of each rain gauge is shown
on Figure 3.3 and summarized in Table 3.2. Additional rainfall data was obtained from three
additional rain gauges located throughout the City, which are maintained by local weather
enthusiasts. The location of each of these rain gauges is also shown on Figure 3.3. V&A
performed a quality assurance, quality control review of the data from these three rain
gauges and it appeared to be valid and appropriate to use for the purposes of this study.

3.2 WASTEWATER FLOW COMPONENTS

As a way to help the reader understand the wastewater flow components, this section
describes and provides definitions of commonly used terminology in the wastewater
collection system analysis and evaluations conducted as part of this project. In general,
wastewater consists of dry weather flow (DWF) and wet weather flow (WWF). DWF (or
base flow) is flow generated by routine water usage in the residential, commercial, business
and industrial sectors of the collection system.
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Table 3.2 Rain Gauge Locations
Sanitary Sewer Master Plan Update

City of Chico

Rain Gauge Installed Location

Number Col 4

RG1 V&A Rosedale Elementary School

RG2 V&A Parkview Elementary School

Chico 14 Local Weather Skyway Road between Park Avenue and
Enthusiast Highway 99

Chico 26 Local Weather Cohasset Road near Kovak Court
Enthusiast

Chico 29 Local Weather Just south of Canyon Oaks Golf Course
Enthusiast

The other component of DWF is the contribution of dry weather groundwater infiltration
(GWI1) into the collection system. Dry weather GWI will enter the sewer system when the
relative depth of the groundwater table is higher than the depth of the pipeline and when
the susceptibility of the sanitary sewer pipe allows infiltration through defects such as
cracks, misaligned joints, and broken pipelines.

WWEF includes storm water inflow, trench infiltration, and GWI. The storm water inflow and
trench infiltration comprise the WWF component termed I/I. The response in the sewer
system to rainfall is seen immediately (as with inflow) or within hours after the storm (as
with infiltration).

The third element of WWF is GWI, which is not specific to a single rainfall event, but rather
to the effects on the sewer system over the entire wet weather season. The depth of the
groundwater table rising above the pipe invert elevation causes GWI. Sewer pipes within
close proximity to a body of water can be greatly influenced by groundwater effects. As the
groundwater table fluctuates over the wet weather season, this fluctuation is seen as a
mounding effect in flow monitoring data. Figure 3.4 illustrates the various flow components,
which are described in detail in the following sections.

3.2.1 Base Wastewater Flow

The base wastewater flow (BWF) is the flow generated by the City’s customers. The flow
has a diurnal pattern that varies depending on the type of use. Commercial and industrial
patterns, though they vary depending on the type of use, typically have more consistent
higher flows during business hours and lower flows at night. Furthermore, the diurnal flow
pattern experienced during a weekend may vary from the diurnal flow experienced during a
weekday.
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3.2.2 Average Annual Flow

The average annual flow (AAF) is the average flow that occurs on a daily basis throughout
the year, including both periods of dry and wet weather conditions.

3.2.3 Average Dry Weather Flow

The Average Dry Weather Flow (ADWF) is the average flow that occurs on a daily basis
during the dry weather season. The ADWF includes the BWF generated by the City’'s
residential, commercial, and industrial users, plus the dry weather GWI component. For the
City, the ADWF was estimated throughout the service area based on the historical influent
flow data from the City’s Water Pollution Control Plant (WPCP), and from the flow
monitoring program.

3.2.4 Groundwater Infiltration

GWI, one of the components of I/l, is associated with extraneous water entering the sewer
system through defects in pipes and manholes. GWI is related to the condition of the sewer
pipes, manholes, and groundwater levels. GWI may occur throughout the year, although
rates are typically higher in the late winter and early spring. Dry weather GWI (or base
infiltration) cannot easily be separated from BWF by flow measurement techniques.
Therefore, dry weather GWI is typically grouped with BWF.

3.2.5 Infiltration and Inflow

All wastewater collection systems have some I/I, although the characteristics and severity
vary by region and individual collection system. Some of the most common sources of /|
are shown on Figure 3.5. Infiltration is defined as storm water flows that enter the sewer
system by percolating through the soil and then through defects in pipelines, manholes, and
joints. Examples of infiltration entry points are cracks in pipelines, misaligned joints, and
root penetration. Inflow is defined as storm water that enters the sewer system via a storm
drain cross connections, leaky manhole covers, or cleanouts. Examples of inflow entry
points are roof drain and downspout connections, leaky manhole covers, and illegal storm
drain connections.

The adverse effects of I/l entering the sewer system is that it increases both the flow
volume and peak flows, as illustrated on Figure 3.6. If too much I/l enters the sewer system
such that the sewer system is operating at or above its capacity, sanitary sewer overflows
(SSO0s) could occur.

3.2.6 Peak Wet Weather Flow (Design Flow)

Peak wet weather flow (PWWF) is the highest observed flow that occurs following a design
storm event. Wet weather I/l cause flows in the collection system to increase. PWWF is
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typically used for designing sewers and lift stations. Therefore, the PWWF and the “Design
Flow” are synonymous and will be used interchangeably throughout this report.

3.3 FLOW MONITORING RESULTS

This section summarizes the results of the flow monitoring program, including dry weather
flow data, rainfall data, and wet weather flow data. Data collected from Meter 17 is
presented throughout this and other chapters as an example of the type of data and the
results from the flow monitoring program. Refer to Appendix B for additional data
summaries and other information associated with the remaining meter sites.

3.3.1 Dry Weather Flow Data

During the flow monitoring period, depth and velocity data were collected at each meter at
5-minute intervals. The 5-minute data was then aggregated to 15-minute data by V&A.
Carollo aggregated the 15-minute data to hourly data for use in the hydraulic model.
Characteristic dry weather 24 hour diurnal flow patterns for each site were developed based
on the hourly data. This hourly flow data was then used to calibrate the hydraulic model for
the observed dry weather flows during the flow monitoring period.

Hourly patterns for weekday and weekend flows vary and are separated to better
understand dry weather flow. V&A used the data from days least affected by rainfall to
estimate the weekday and weekend dry weather flows. In addition, V&A provided estimates
for the average weekday and weekend levels and velocities at each site, which are used in
dry weather flow calibration. Figure 3.7 illustrates a typical variation of weekday and
weekend flow in the City, which is based on the data collection from Meter 17. Similar
graphics associated with the remaining sites are included in Appendix B. Table 3.3
summarizes the dry weather flows at each meter. Figure 3.8 provides a schematic
illustration of the information presented in Table 3.3.

3.3.2 Rainfall Data

There were three main rainfall events that occurred during the course of the flow monitoring
period, as well as a few other relatively minor events. Figure 3.9 illustrates the total
accumulation of rainfall over the course of the flow monitoring period for each of the five
rain gauges. Table 3.4 summarizes the total rainfall recorded at each of the five rain gauges
during the three main rainfall events, as well as over the entire flow monitoring period. The
flow monitoring report prepared by V&A (Appendix B) classifies each of the three main
rainfall events as less than 2-year, 24-hour events for all five rain gauges.
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Table 3.3 Dry Weather Flow Summary
Sanitary Sewer Master Plan Update

City of Chico
Monitor Site Weekday Dry Weekend Dry Overall Dry Weekend
Weather Flow Weather Flow  Weather Flow  Weekday Ratio
(mgd) (mgd) (mgd)
1.33 1.36 1.34 1.02
2.05 2.1 2.06 1.03
0.21 0.22 0.21 1.07
6A 0.57 0.5 0.55 0.87
6B 0.47 0.47 0.47 1.01
0.5 0.51 0.51 1.02
0.51 0.5 0.5 0.98
1.03 1 1.02 0.97
10 0.9 0.9 0.9 1
11 1.46 1.38 1.43 0.95
12 0.23 0.22 0.23 0.94
13 0.46 0.43 0.45 0.93
14 0.3 0.32 0.3 1.06
15 1.06 1.03 1.05 0.97
16 0.5 0.51 0.5 1.03
17 0.3 0.33 0.31 1.08
18 0.12 0.11 0.11 0.92

Notes:
1. Source: Sanitary Sewer Flow Monitoring and Inflow/Infiltration Study, August 2012

2. Overall Dry Weather Flow = (5 x Weekday + 2 x Weekend)/7.

Table 3.4 Rainfall Event Summary

Sanitary Sewer Master Plan Update

City of Chico
Rainfall Event Measured Rainfall (in.)

RG1 RG 2 Chico 1 Chico 2 Chico 3

Event 1: 3/13/12 — 3/19/12 2.90 2.93 2.90 2.52 3.19
Event 2: 3/27/12 — 4/1/12 1.64 2.43 2.40 2.11 2.66
Event 3: 4/10/12 — 4/14/12 1.49 1.42 1.46 1.14 1.53
Total for Monitoring Period 8.50 8.22 8.18 7.13 9.07
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However, the storms did present valuable data in terms of the collection system’s I/l
response to wet weather flow events, and is therefore appropriate for I/l analysis and model
calibration purposes.

The total rainfall recorded over the duration of the flow monitoring period ranged from 7.13-
inches to 9.07-inches. The historical average rainfall for the flow-monitoring period is
roughly 7.07-inches. Therefore, the measured rainfall totals ranged from roughly 101
percent to 128 percent of the historical average for the Chico area.

In order to perform I/l analysis and to aid in model calibration, the amount of rainfall that
affected the individual flow monitoring basins (i.e., tributary areas) was calculated by V&A
based on their proximity to the five rain gauge locations. The individual rainfall hyetographs
were generated using the Inverse Distance Weighting (IDW) method, which is an
interpolation method that assumes the influence of each rain gauge location diminishes with
distance. For more detailed information related to this calculation, refer to Appendix B.
Figure 3.10 illustrates the rainfall hyetograph generated for Meter 17 using this method.
Figure 3.9 shows the accumulated rainfall over the flow monitoring program for Meter 17 as
well. Similar graphics for each of the remaining flow monitoring sites are provided in
Appendix B for reference.

3.3.3 Wet Weather Flow Data

The flow monitoring data was also evaluated to determine how the collection system
responds to wet weather events. As mentioned above, the flow monitoring program
captured three main rainfall events. The rainfall events that occurred between March 27,
2012 and April 1, 2012 (Event 2) were associated with the largest I/l response during the
flow monitoring period, and are the most appropriate to be used for I/l analysis. However,
the model was calibrated to all three of the main rainfall events (see Chapter 4 for further
detail).

Figure 3.11 shows an example of the wet weather response at Meter 17 during the

March 27, 2012 through April 1, 2012 rainfall events. Figure 3.11 illustrates the volume of /I
that entered the system from the collection system upstream of Site 17. The light blue area
is the base sanitary flow while the gray area is the measured flow from the flow monitoring
period. As can be seen in the figure, discernible amounts of I/l do enter the system during
wet weather events. Similar graphs were generated for the remaining monitoring sites can
be found in Appendix B.

The metric typically used to quantify the severity of the system’s I/l is the R-value. The R-
value is defined as the percentage of rainfall volume that makes it into the collection system
as l/I. Table 3.5 summarizes the results for the March 27 to April 1, 2012 rainfall event
(Event 2). As shown in Table 3.5, the R-Values vary from 0.2-percent in basins 1 and 4 to
9.4 percent in Basin 14. The City’'s overall R-Value for Event 2 was roughly 2.4 percent. In
general, an R-Value of 5 percent or more is usually considered indicative of an I/l response.
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The R-Value for each basin is determined by isolating I/ associated with individual flow
monitoring basins (i.e., excluding flow rates from upstream flow monitors) and calculating
the ratio of the volume of water that enters the system as I/l versus the volume of rainfall
that fell over the flow monitoring basin tributary area. In some cases, flow splits and/or
overflows affect the calculated R-Value for certain flow monitoring tributaries and can skew
the results. In these cases, tributary areas that cannot be isolated are combined for the
purposes of Table 3.5.

Another important metric to quantify the severity of the system’s I/l response is the peak
measured I/l rate, which was calculated by subtracting the baseline flow from the peak
measured flow during Event 2. As shown in Table 3.5 the measured peak I/l rate to dry
weather flow ratio ranged from 0.75 in Basin 1 to 4.18 in Basin 11. Citywide, the peak I/I
rate to dry weather flow ratio from Event 2 was 1.17. It should be noted, however, that the
peak I/l rates presented in Table 3.5 are for Event 2 only, which as previously mentioned, is
classified as less than a 2-year event. Therefore, the peak I/l rate during the design storm
event will be higher.

Table 3.5 I/l Analysis Summary
Sanitary Sewer Master Plan Update

City of Chico
Basin Dry Estimated R-Value Peak I/ Peak I/l to
Weather Total I/l (%) Rate DWF Ratio
Flow (gallons) (mgd)
(mgd)
1 0.53 127,000 0.2 0.40 0.75
4 0.72 191,000 0.2 1.15 1.59
5 0.21 166,000 0.7 0.12 0.59
6 0.90 2,131,000 2.8 1.14 1.27
7 0.51 2,632,000 3.0 1.29 2.54
8/9 0.30 29,000 0.1 0.35 1.15
10 0.40 1,643,000 4.0 0.48 1.22
11 0.38 2,110,000 25 1.59 4.18
12/13 0.68 846,000 2.3 1.08 1.59
14 0.30 2,438,000 9.4 0.80 2.61
15 1.05 3,124,000 3.2 1.93 1.84
16 0.50 4,255,000 3.3 2.03 4.05
17 0.31 1,840,000 4.3 0.53 1.70
18 0.11 509,000 11 0.38 3.35
City Total 7.01 21,726,000 2.4 8.23 1.17
Notes:

1. Source: Sanitary Sewer Flow Monitoring and Inflow/Infiltration Study, August 2012.
2. Results are taken from the March 27, 2012 to April 1, 2012 rainfall event (Event 2).
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Chapter 4
COLLECTION SYSTEM FACILITIES AND HYDRAULIC MODEL

This chapter describes the development and calibration of the City of Chico’s (City’s)
collection system hydraulic model. A description of the City’s previous hydraulic model, the
advantages of the newer modeling software being used for the Master Plan, and an outline
of the steps used to build the model are provided. A detailed summary of the hydraulic
model calibration steps, standards, and results for both dry weather and wet weather
conditions is also provided.

41  COLLECTION SYSTEM FACILITIES

The City’s collection system consists of sewer mains, trunk sewers, lift stations, and flow
diversions that collect and convey wastewater to the City’s Water Pollution Control Plant
(WPCP), which is located west of the City on Chico River Road.

Figure 4.1 presents the City’s collection system. The oldest part of the City’'s collection
system was constructed around 1903. The major trunks along Chico River Road and
extending to different parts of the City were constructed in the 1920’s. Expansion of the
collection system has continued on to the present day.

4.1.1 Gravity Collection System

The City’s existing sanitary sewer collection system is comprised of roughly 266 miles of
gravity collection system pipe up to 66-inches in diameter. Table 4.1 presents a summary
by diameter of the known sewers in the collection system. As shown in Table 4.1, roughly
70 percent of the system is 8-inches in diameter and smaller, with the majority of the
system (roughly 47.2 percent) being 8-inches in diameter.

Some areas in the City are within very close proximity to the rivers, creeks, and California
Park Lake. According to the City, the groundwater table in these areas can be within three
to ten feet of the ground surface. Therefore, groundwater infiltration can be a significant
source of flow into the collection system in these areas.

The age and condition of the collection system facilities will impact the quantity of inflow
and infiltration allowed to enter the system. Typically, older sewer pipes have a greater
potential of allowing significant infiltration and inflow into the collection system. Older
pipelines should be a priority when considering pipelines for rehabilitation.
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Table 4.1

Collection System Gravity Pipeline Summary

Sanitary Sewer Master Plan Update

City of Chico
Percent of Percent of
Diameter Length System Diameter Length System
(inches) (feet) (by length) (inches) (feet) (by length)
6 and Smaller 316,693 22.6 24 29,133 2.1
8 662,353 47.2 27 3,276 0.2
10 102,655 7.3 30 12,696 0.9
12 76,963 5.5 33 42,007 3.0
14 9,111 0.6 36 13,887 1.0
15 65,418 4.7 42 92 0.0
16 133 0.0 48 428 0.0
18 52,680 3.8 66 1,166 0.1
21 13,516 1.0 Total (feet) 1,402,207 100.0
Total (miles) 265.6 100.0
Notes:

(1) Source: City of Chico GIS database

4.1.2 Lift Stations and Force Mains

The City operates and maintains wastewater lift stations throughout the City. Figure 4.2
shows the locations of each lift station and the area that it services. Figure 4.3 is a
schematic representation of the City’s lift stations and provides an overview of how flow
from each lift station is ultimately routed through the collection system to the WPCP.
Table 4.2 summarizes the available design data for the City’s lift stations. A brief summary
of each lift station is presented below:

4-2

Chico Municipal Airport: The Chico Municipal Airport lift station was constructed in
1994 and is located just north of the intersection of Cohasset Road and Eaton Road.
The lift station consists of a 6 foot diameter, 32.4 feet deep wet well and two 20
horsepower (hp), 958 gallon per minute (gpm) pumps. The lift station’s firm capacity
is 958 gpm, or 1.38 million gallons per day (mgd). The Chico Municipal Airport lift

station conveys raw wastewater south via an 8-inch diameter force main

approximately 1,455 feet to a manhole downstream of the lift station. Standby power
is not available at this lift station.
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Table 4.2

Lift Station Information

Sanitary Sewer Master Plan Update

City of Chico
General Information Pump Data Force Main Data
Year | Pump Pump Capacity Firm Capacity | Diameter Length
Lift Station Name Location Built No. hp (gpm) (gpm)  (mgd) (in.) (feet)
Chico Municipal Airport Cohasset Road and 1994 1 20 958 958 1.38 8 1,455
Eaton Road 2 20 958
Creekside Landing Burnt Ranch Road near 2007 1 n/a n/a n/a n/a 6 1,553
Catherine Court 2 n/a n/a
Cussick Avenue Cussick Avenue and 2007 1 7.5 579 579 0.83 6 93
Lassen Avenue 2 7.5 579
Frontier Circle Frontier Circle and 2009 1 n/a 35 35 0.05 4 415
Cohasset Road 2 n/a 35
Henshaw Avenue Henshaw Avenue west of 1993 1 2.4 236 236 0.34 4 236
Autumn Gold Drive 2 2.4 236
Henshaw/Guynn Henshaw Avenue and 1996 1 3 270 270 0.39 6 967
Guynn Avenue 2 3 270
Holly Holly Avenue and 1989 1 1.6 223 223 0.32 4 619
West 11th Avenue 2 1.6 223
Lassen Avenue Lassen Avenue and 2000 1 35 1,795 1,795 2.58 10 2,395
Highway 99 2 35 1,795
McKinney Ranch Eaton Road and 2006 1 5 218 218 0.31 6 2,835
Godman Avenue 2 5 218
Northwest Chico Lagacy Lane west of 1993/ 1 35 1,492 1,492 2.15 12 7,419
Sierra Springs Drive 2008 2 35 1,492
Oates Business Park Huss Lane and 1990 1 10 185 185 0.27 8 2,542
Aztec Drive 2 10 185
Salvation Army Cohasset Road 2008 1 3 90 90 0.13 4 685
2 3 90
Tom Polk Tom Polk Avenue near 2008 1 2 32 32 0.05 1.25 20
East Avenue 2 2 32
Notes:

1. Source: Data provided by City Staff.
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Creekside Landing: The Creekside Landing lift station was constructed in 2007 and
is located on Burnt Ranch Road near Catherine Court. The lift station consists of an
8-foot diameter wet well with a depth of 25.7 feet (the pump horsepower and pumping
capacity were not available for this lift station). The Creekside Landing lift station
conveys raw wastewater east via a 6-inch diameter force main approximately

1,553 feet to a manhole downstream of the lift station. Standby power is available via
a 50 kilowatt (kW) natural gas generator at this lift station.

Cussick Avenue: The Cussick Avenue lift station was constructed in 2007 and is
located at the intersection of Cussick Avenue and Henshaw Avenue. The lift station
consists of an 8-foot diameter wet well with a depth of 19.8 feet and two 7.5 hp,

579 gpm pumps. The firm capacity of this lift station is 0.83 mgd. The Cussick Avenue
lift station conveys raw wastewater approximately 93 feet through a 6-inch diameter
force main where it connects to the existing 6-inch diameter force main that used to
be used by the Northwest Chico lift station.

Frontier Circle: The Frontier Circle lift station was constructed in 2009 and is located
at the intersection of Frontier Circle and Cohasset Road. The lift station consists of a
4-foot diameter, 11.4 feet deep wet well and two 3-hp pumps (pumping capacity was
not available for this lift station). The Frontier Circle lift station conveys raw
wastewater via a 4-inch diameter force main approximately 415 feet to a manhole
downstream of the lift station. Standby power is not available at this lift station.

Henshaw Avenue: The Henshaw Avenue Lift Station was constructed in 1993 and is
located on Henshaw Avenue west of Autumn Gold Drive. The lift station consists of a
6-foot diameter, 12.4 feet deep wet well and two 1.5-hp pumps (pumping capacity
was not available for this lift station). The Henshaw Avenue lift station conveys raw
wastewater via a 4-inch diameter force main approximately 236 feet to a manhole
downstream of the lift station. Standby power is not available at this lift station.

Henshaw/Guynn: The Henshaw/Guynn lift station was constructed in 1996 and is
located at the intersection of Henshaw Avenue and Guynn Avenue. The lift station
consists of an 8-foot diameter, 17.7 feet deep wet well and two 3-hp pumps, 270 gpm
pumps. The lift station’s firm capacity is 270 gpm, or 0.39 mgd. The Henshaw/Guynn
lift station conveys raw wastewater via a 6-inch diameter force main approximately
967 feet to a manhole downstream of the lift station. Standby power is not available at
this lift station.

Holly: The Holly lift station was constructed in 1989 and is located at the intersection
of Holly Avenue and West 11th Avenue. The lift station consists of a 6-foot diameter,
15.7 feet deep wet well and two 1.6-hp pumps, 223 gpm pumps. The lift station’s firm
capacity is 223 gpm, or 0.32 mgd. The Holly lift station conveys raw wastewater via a
4-inch diameter force main approximately 619 feet to a manhole downstream of the
lift station. Standby power is not available at this lift station.
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Lassen Avenue: The Lassen Avenue lift station was constructed in 2000 and is
located just northeast of the intersection of East Lassen Avenue and Highway Route
99. The lift station consists of a 10-foot diameter, 20.5 foot deep wet well and two
35 hp pumps, 1,795 gpm pumps. The lift station’s firm capacity is 1,795 gpm, or
2.58 mgd. The Lassen Avenue lift station conveys raw wastewater approximately
2,395 feet via a 10-inch diameter force main to the manhole downstream of Lassen
Avenue. Standby power is not available at this lift station.

McKinney Ranch: The McKinney Ranch lift station was constructed in 2006 and is
located at the intersection of Eaton Road and Godman Avenue. The lift station
consists of an 8-foot diameter, 24.5 foot deep wet well and two 5 hp pumps, 218 gpm
pumps. The lift station’s firm capacity is 218 gpm, or 0.31 mgd. The McKinney Ranch
lift station conveys raw wastewater approximately 2,835 feet via a 6-inch diameter
force main to the manhole downstream of the lift station. Standby power is not
available at this lift station.

Northwest Chico Lift Station: The Northwest Chico lift station was constructed in
1993 and is located near Legacy Lane west of Sierra Springs Drive. There are two
wet wells in the lift station, both of which are 8-feet in diameter. There are two 35 hp
pumps in the lift station, each with a capacity of 1,492 gpm. The lift station’s firm
capacity is 1,492 gpm, or 2.15 mgd. There is currently no standby power available at
this lift station. The Northwest Chico lift station conveys raw wastewater
approximately 7,419 feet, via a 12-inch diameter force main to a manhole
downstream of the lift station. An existing parallel 6-inch force main is currently not in
use.

Oates Business Park Lift Station: The Oates Business Park lift station was
constructed in 1990 and is located in the Oates Business Park in the south of the
City. The lift station consists of 6-foot diameter, 19.5 foot deep wet well and two

10 hp, 185 gpm pumps. The lift station’s firm capacity is 185 gpm, or 0.27 mgd. The
Oates Business Park lift station conveys raw wastewater approximately 2,542 feet
through a 4-inch diameter force main to a manhole downstream of the lift station.
Standby power is not available at this lift station.

Salvation Army: The Salvation Army lift station was constructed in 2008 and is
located on Cohasset Road. The lift station consists of a 6-foot diameter, 14.4 foot
deep wet well and two 3 hp, 90 gpm pumps. The lift station’s firm capacity is 90 gpm,
or 0.13 mgd. The Salvation Army lift station conveys raw wastewater approximately
685 feet through a 4-inch diameter force main to a manhole downstream of the lift
station. Standby power is available via a 35 hp natural gas generator at this lift
station.

Tom Polk: The Tom Polk lift station was constructed in 2008 and is located on Tom
Polk Avenue near East Avenue. The lift station consists of a 3-foot diameter, 13 foot
deep wet well and two 2 hp, 30 gpm pumps. The lift station’s firm capacity is 30 gpm,
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or 0.04 mgd. The Tom Polk lift station conveys raw wastewater approximately 20 feet
through a 1.25-inch diameter force main to a manhole downstream of the lift station.
Standby power is not available at this lift station.

42 HYDRAULIC MODEL DEVELOPMENT

A sewer collection system model is a simplified representation of the real sewer system.
Sewer system models can assess the conveyance capacity for a collection system. In
addition, sewer system models can perform “what if” scenarios to assess the impacts of
future developments and land use changes. The City’s collection system hydraulic model
was constructed using a multi-step process utilizing data from a variety of sources. This
section summarizes the hydraulic model development process, including a summary of the
modeling software selection, a description of the modeled collection system, the hydraulic
model elements, and the model creation process.

4.2.1 Previous Hydraulic Computer Model

The City’s previous collection system hydraulic model was developed using the HYDRA
Version 6.1 hydraulic modeling software package, developed by Pizer Inc. (Pizer). The
HYDRA model routes flow through the collection system to evaluate the capacity of existing
pipes and to determine where capacity constraints occur using the Kinematic Wave,
standard step method. This method is a simplified version of the Saint Venant, one
dimensional equations of fluid flow.

The HYDRA model was assembled as part of the 2003 Sanitary Sewer Master Plan Update
project using the City’s Geographic Information System (GIS) data, lift station drawings,
supplemental survey work, and input from City Staff.

4.2.2 Selected Hydraulic Modeling Software

In the decade since the previous hydraulic model was originally developed, significant
improvements have been made to the hydraulic modeling software available on the market.
Some examples of the improvements that have been made include modifications to the
hydraulic routing engine as well as an enhanced graphical user interface (GUI), model
output reports, and GIS compatibility. This Master Plan Update provided the City an
opportunity to reexamine the software available on the market today and make a decision
about continuing the use of HYDRA or converting the model to one of the newer software
packages.

In the early stages of this Master Plan, Carollo conducted an evaluation of the major
sanitary sewer hydraulic modeling software applications on the market today. The results of
the evaluation are presented in a technical memorandum, which is provided in Appendix C
for reference. This technical memorandum summarizes the major software vendors, briefly
explains software features, compares the advantages and disadvantages of each software
program, and provides a software program recommendation for the City.
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Based on the results of the evaluation, it was agreed that InNfoSWMM, by Innovyze (formerly
MWH Soft), would be used to assemble the City's hydraulic model. InfoSWMM is a fully
dynamic, geospatial wastewater and stormwater modeling and management software
application, which is built to run within the ESRI ArcGIS software platform. The hydraulic
modeling engine for the INfoSWMM software package uses the Environmental Protection
Agency’s (EPA) Storm Water Management Model (SWMM), which is widely used
throughout the world for planning, analysis, and design related to stormwater runoff,
combined sewers, sanitary sewers, and other drainage systems. InfoSWMM routes flows
through the model using the Dynamic Wave method, which solves the complete Saint
Venant, one dimensional equations of fluid flow.

The latest version (v 12.0) of InfoSWMM was used to assemble the InfoSWMM hydraulic
model (INfoSWMM model).

4.2.3 Modeled Collection System and Skeletonization

Skeletonization is the process by which sewer systems are stripped of pipelines not
considered essential for the intended analysis purpose. The purpose of skeletonizing a
system is to develop a model that accurately simulates the hydraulics of a collection
system, while at the same time reducing the complexity of a large model.

It is common practice in sewer system master planning to exclude small diameter sewers
when developing a hydraulic computer model. The City’s hydraulic model includes pipelines
that are 10-inches in diameter and larger. Some smaller diameter sewers (8-inches in
diameter and smaller) are also included in the City’s hydraulic model where needed for
connectivity.

The modeled sewer system consists of approximately 93.5 miles of sanitary sewer
pipelines ranging in diameter from 4-inches to 66-inches, and seven sanitary sewer lift
stations.

Figure 4.4 presents the City’'s modeled wastewater collection system. The larger trunk
sewers range in diameter from 10-inches to 66-inches. Table 4.3 presents a summary of
the modeled sewer system by diameter and length of pipe. Not included in these totals are
the smaller sewer mains that were excluded during model skeletonization and therefore are
not modeled.

June 2013 4-13

pw://Carollo/Documents/Client/CA/Chico/8847A00/Deliverables/SSMPU_Ch04



Table 4.3 Modeled System Gravity Pipeline Summary
Sanitary Sewer Master Plan Update

City of Chico
Diameter Length Percent of Diameter Length Percent of
(inches) (feet) Modeled (inches) (feet) Modeled
System System
(by length) (by length)
6 and Smaller 17,214 22.6 24 29,133 2.1
8 54,764 47.2 27 3,276 0.2
10 102,579 7.4 30 12,696 0.9
12 75,781 5.5 33 42,007 3.0
14 9,111 0.6 36 13,887 1.0
15 65,418 4.7 42 92 0.0
16 133 0.0 48 428 0.0
18 52,680 3.8 66 1,166 0.1
21 13,516 1.0 Total (feet) 493,880 100.0
Total (miles) 93.5 100.0

Notes:
(1) Source: City of Chico GIS database

Of the City’s thirteen total sanitary sewer lift stations, seven are connected to the modeled
trunk system, and are therefore included in the hydraulic model. The modeled lift stations
are:

. Chico Municipal Airport Lift Station

o Henshaw Avenue Lift Station

. Henshaw/Guynn Lift Station

. Holly Lift Station

. Lassen Avenue Lift Station

o Northwest Chico Lift Station

o Oates Business Park Lift Station

The remaining lift stations, which service smaller localized areas of the collection system
and are located on the smaller 8-inch diameter and smaller pipes, were excluded from the
model during the skeletonization process. Exclusion of very small lift stations is common in

collection system master planning, because the flows pumped through these lift stations is
insignificant and does not affect model accuracy for the trunk sewer system.
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4.2.4 Elements of the Hydraulic Model

The following provides a brief overview of the major elements of the hydraulic model and
the required input parameters associated with each:

Junctions: Sewer manholes, cleanouts, as well as other locations where pipe sizes
change or where pipelines intersect are represented by junctions in the hydraulic
model. Required inputs for junctions include rim elevation, invert elevation, and
surcharge depth (used to represent pressurized systems). Junctions are also used to
represent locations where flows are split or diverted between two or more
downstream links.

Pipes: Gravity sewers and force mains are represented as pipes in the hydraulic
model. Input parameters for pipes include length, friction factor (e.g., Manning’s n for
gravity mains, Hazen Williams C for force mains), invert elevations, diameter, and
whether or not the pipe is a force main.

Storage Nodes: For sewer system modeling, storage nodes typically are used to
represent lift station wet wells (although other storage basins, etc. can be modeled as
storage nodes). Input parameters for storage nodes include invert elevation, wet well
depth, and wet well cross section.

Pumps: Pumps are included in the hydraulic model as links. Input parameters for
pumps include pump curves and operational controls.

Outfalls: Outfalls represent areas where flow leaves the system. For sewer system
modeling, an outfall typically represents the connection to the influent pump station at
a wastewater treatment plant.

Rain Gauges: Rain gauges are input into the hydraulic model to simulate historical or
theoretical hourly rainfall events.

Inflows: The following are the three types of wastewater flow sources that can be
injected into individual model junctions (and storage nodes):

- External. External inflows can represent any number of flows into the collection
system, such as metered flow data or groundwater inflow. External inflows are
applied to a specific model junction by applying a baseline flow value and a
pattern that varies the flow by hour, day, or month of the year.

- Dry Weather. Dry weather inflows simulate base sanitary wastewater flows and
represent the average flow. The dry weather flows can be multiplied by up to
four patterns that vary the flow by month, day, hour, and day of the week (e.g.,
weekday or weekend). The dry weather diurnal patterns are adjusted during the
dry weather calibration process.

- RDII. Rainfall Derived Infiltration and Inflows (RDII) are applied in the model by
assigning a unit hydrograph and a corresponding tributary area to a given
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junction. The unit hydrographs consists of several parameters that are used to
adjust the volume of RDII that enters the system at a given location. These
parameters are adjusted during the wet weather calibration process.

425 Wastewater Load Allocation

Determining the quantity of dry weather wastewater flows generated by a municipality and
how they are distributed throughout the collection system is an important component of the
hydraulic modeling process. Various techniques can be used to assign wastewater flows to
individual model junctions, depending on the type of data that is available. Adequate
estimates of the volume of wastewater are important in maintaining and sizing sewer
system facilities, both for present and future conditions. Baseline wastewater loads were
allocated (assigned to specific nodes) in the hydraulic model based on land use data
provided by the City and wastewater flow coefficients developed for each land use type
(these are described in detail in Chapter 5). The flow coefficients and land use data
provides a means to transform a specific land use category into an average dry weather
flow, as described below:

. Step 1: The City’'s service area was broken up into 758 individual loading polygons.
Each loading polygon represents the geographic area that contributes flows into a
single model node (i.e., trunk system manhole). In an all pipe model, however, a
loading polygon could be as small as a few parcels. In a skeletonized model, such as
the City’s hydraulic model, a loading polygon will usually encompass a particular
subdivision or grouping of lots.

. Step 2: The loads were calculated for each loading polygon using GIS by multiplying
the appropriate flow coefficient by the land use acreage.

o Step 3: The hydraulic model’s load allocation assigned the calculated average dry
weather flow to the appropriate node in the sewer system model.

o Step 4: The allocated loads were adjusted as necessary during the dry weather flow
calibration process (see Section 4.3) to closely match the actual measured dry
weather flows recorded during the flow monitoring period.

4.2.6 Model Construction

The City’s hydraulic model combines information on the physical and operational
characteristics of the wastewater collection system, and performs calculations to solve a
series of mathematical equations to simulate flows in pipes.

The model construction process consisted of eight steps, as described below:

. Step 1: The first step involved in the model conversion process was to extract
relevant data from the City’s existing HYDRA model (developed as part of the 2003
Sanitary Sewer Master Plan Update). This was accomplished using the “Transfer
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Wizard” feature of the HYDRA software program, which converts the modeled
HYDRA pipelines, junctions, etc. to GIS shapefiles.

. Step 2: Once the HYDRA model data were successfully extracted, the GIS shapefiles
were reviewed for possible data errors and formatted to match the format accepted by
the INfoSWMM software.

. Step 3: The Collection System layer shapefiles were then imported into InNfoSWMM
using the “GIS Exchange” functionality of InfoSWMM.

. Step 4: Due to certain differences in how the two modeling software platforms are
configured, converting from one model to the other is not a one-to-one process. In
other words, some of the physical and operational data associated with the HYDRA
model is incompatible with the data input requirements of InNfoSWMM.

As an example, the computational engine of the HYDRA model requires that
locations where flows are split between two downstream pipelines (e.g., overflows) be
modeled as “diversions”. A diversion is modeled in HYDRA as a node with an
associated curve that relates the total node inflow to the rate of flow diverted to a
particular sewer. InfoSWMM, on the other hand, uses a more robust computational
engine that calculates the amount of flow in each downstream sewer based on the
physical attributes of each downstream sewer (e.g., pipe inverts, diameter, slope,
roughness) without the need of a user defined diversion curve. For this reason, flow
diversions from the HYDRA model were simply modeled as manholes (or junctions) in
the INfloSWMM model.

Another example of the differences between the two modeling software applications
is how lift stations are represented. In HYDRA, lift stations are represented as a
single node in the model. The input data required for a lift station is the pump type
(i.e., constant speed or variable speed), a wet well volume for the pump to turn on
and off, and the pump discharge for up to three pumps. In InNfoSWMM, by contrast, a
lift station is represented by a storage node representing the wet well and links
representing each of the lift station pumps. The input data required for wet wells are
the wet well dimensions (e.g., cross sectional area, wet well depth) and the bottom
elevation (invert) of the wet well. For each lift station, pump curves and operational
controls (set points) are required. These parameters were input manually based on
the lift station data provided by the City.

. Step 5: The City has constructed new sanitary sewer facilities throughout the
collection system since the previous master plan was completed. In addition, the City
has abandoned some lift stations. The City's sewer system GIS was reviewed to
identify new facilities that needed to be included in the hydraulic model, and the new
facilities were imported into the hydraulic model. Additionally, markups from City staff
of the modeled collection system map were also reviewed and incorporated in the
hydraulic model.

June 2013 4-19

pw://Carollo/Documents/Client/CA/Chico/8847A00/Deliverables/SSMPU_Ch04



. Step 6: Once all the relevant data was input into the hydraulic model, the model was
reviewed to verify that the model data was input correctly and that the flow direction,
size, and layout of the modeled pipelines were logical. Additionally, the modeled lift
stations were also checked to verify that they operated correctly.

. Step 7: Dry weather wastewater flows were then allocated to the appropriate model
junctions.

. Step 8: The hydraulic model contains certain run parameters that need to be set by
the user at the beginning of the project. These include run dates, time steps, reporting
parameters, output units, and flow routing method. Once the run parameters were
established, the model was debugged to ensure that it ran without errors or warnings.

43 HYDRAULIC MODEL CALIBRATION

Hydraulic model calibration is a crucial component of the hydraulic modeling effort.
Calibrating the model to match data collected during the flow-monitoring program ensures
the most accurate results possible. The calibration process consists of calibrating to both
dry and wet weather conditions.

For this project, both dry and wet weather flow monitoring were conducted at 17 meter sites
for a period of approximately 10.5 weeks in early 2012. Dry weather flow (DWF) calibration
ensures an accurate depiction of base wastewater flow generated within the study area.
The wet weather flow (WWF) calibration consists of calibrating the hydraulic model to a
specific storm event or events to accurately simulate the peak and volume of
infiltration/inflow (I/I) into the sewer system. The amount of I/l is essentially the difference
between the WWF and DWF components.

4.3.1 Calibration Standards

The hydraulic model was calibrated in accordance with international modeling standards.
The Wastewater Planning Users Group (WaPUG), a section of the Chartered Institution of
Water and Environmental Management, has established generally agreed upon principles
for model verification. The dry weather and wet weather calibration focused on meeting the
recommendations on model verification contained in the “Code of Practice for the Hydraulic
Modeling of Sewer Systems,” published by the WaPUG (WaPUG 2002), as summarized
below:

° Dry Weather Calibration Standards: Dry weather calibration should be carried out
for two dry weather days and the modeled flows and depths should be compared to
the field measured flows and depths. Both the modeled and field measured flow
hydrographs should closely follow each other in both shape and magnitude.

In addition to the shape, the flow hydrographs should also meet the following criteria
as a general guide:
- The timing of flow peaks and troughs should be within one hour.
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- The peak flow rate should be within the range of £10 percent

- The volume of flow (or the average rate of flow) should be within the range of
+10 percent. If applicable, care should be taken to exclude periods of missing
or inaccurate data.

Wet Weather Calibration Standards: For at least two storm events from the flow
monitoring period, the model simulated flows and depths should be compared to the
field measured flows and depths. The flow hydrographs for both events should
closely follow each other in both shape and magnitude, until the flow has substantially
returned to dry weather flow rates.

In addition to the shape, the flow hydrographs should also meet the following criteria
as a general guide:

- The timing of the peaks and troughs should be similar with regard to the
duration of the events.

- The peak flow rates at significant peaks should be in the range of +25 percent
to 15 percent and should be generally similar throughout.

- The volume of flow (or the average flow rate) should be within the range of
+20 percent to -10 percent.

The WaPUG recommends that for wet weather calibration, the use of a single
calibration period incorporating a number of rainfall events should be considered
whenever possible. In other words, if the flow monitoring program captured several
back to back storms, it may be preferable to use the back to back storms events as
the calibration storms, as opposed to calibrating to two separate storms that have
occurred weeks or months apart.

4.3.2 Dry Weather Flow Calibration

The DWF calibration process consists of several elements, as outlined below:

Divide the system into areas tributary to each flow meter. The first step in the
calibration process was to divide the City into flow meter tributary areas. Fifteen
tributary areas were created, one for each flow meter from the temporary flow
monitoring program. There were actually seventeen meters installed during the flow
monitoring program, but four meters (6A and 6B, 10 and 11) were installed on parallel
pipelines that shared a common tributary area. A map showing the locations of each
flow monitoring site and their associated tributary area are provided in Chapter 3
along with a schematic of the flow meters.

Define flow volumes within each area. The next step was to define the flow
volumes within each area, which was accomplished in the flow allocation step.

Create diurnal patterns to match the temporal distribution of flow. A diurnal
curve is a pattern of hourly multipliers that are applied to the base flow to simulate the
variation in flow that occurs throughout the day. Two diurnal curves were developed

June 2013 4-21

pw://Carollo/Documents/Client/CA/Chico/8847A00/Deliverables/SSMPU_Ch04



for each flow monitoring tributary area, one representing weekday flow and one
representing weekend flow. The diurnal patterns were initially developed based on
the flow monitoring data and adjusted as part of the calibration process until the
model simulated flows closely matched the field measured flows. Figure 4.5 shows
the calibrated weekday and weekend diurnal patterns for the area tributary to Site 17.
Similar diurnal curves were developed for each of the meters and its tributary area.
These additional curves are available in Appendix D.

. Adjust model variables to match field measured velocity and flow depths. Once
the model simulated flows acceptably matched the field measured flows, the model
simulated velocity and flow depth were compared to the field measured velocity and
flow depth. Adjustments were made to various model parameters until the modeled
and measured velocity and depth closely matched one another. The primary varied
parameters for this process are pipeline roughness (Manning's n) and sediment build
up in the pipe, although other parameters can also be adjusted as calibration results
are generated.

Manning’s roughness coefficients, or n values, have industry accepted ranges based
on a number of variables. Roughness coefficients increase over time depending on
the construction methods, installation quality, system maintenance, and other
environmental factors. There can be certain factors within the City’s collection system
that can result in roughness coefficients which differ from the typical range. For
example, pipeline bellies, joint misalignment, cracks, and debris (e.g., root intrusion,
etc.) lead to increased turbulence in a pipe, as well as the apparent Manning’s n
factor.

If the model is unable to reasonably match the field measured flow depth and velocity
without leaving the acceptable range of Manning’s roughness coefficients, further
investigation is conducted to help determine the cause of the discrepancy. Some
issues that could cause such a discrepancy can include errors in the slope or
diameter of a pipeline, downstream blockages, pipeline sags, and, in some cases,
influences from downstream lift station operations.

Table 4.4 provides a summary of the dry weather flow calibration using the average and
daily peak flow results for both weekday and weekend conditions. As shown on Table 4.4,
with a few exceptions, the model simulated average and peak flows for both weekday and
weekend DWF were all within 10-percent. In general, the percent difference between the
overall modeled and measured DWF ranged between 0.0 and 8.6 percent.
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Table 4.4 Dry Weather Flow Calibration Summary
Sanitary Sewer Master Plan Update

City of Chico
Monitor Site Pipe Diameter = Measured Dry Modeled Dry Percent
(in.) Weather Weather Flow Difference®
Flow®® (mgd)
(mgd)
Site 1 30 1.338 1.377 2.9
Site 4 36 2.164 2.169 0.2
Site 5 15 0.211 0.211 0.0
Site 6A 18 0.547 0.538 -1.8
Site 6B 18 0.467 0.472 1.3
Site 7 15 0.506 0.506 0.0
Site 8 24 0.504 0.461 -8.6
Site 9 21 1.021 1.059 3.7
Site 10 18 0.902 0.915 1.4
Site 11 33 1.433 1.415 -1.3
Site 12 14 0.227 0.217 -4.2
Site 13 12 0.453 0.458 1.2
Site 14 18 0.304 0.297 -2.4
Site 15 24 1.053 1.050 -0.3
Site 16 33 0.501 0.501 0.0
Site 17 23.5 0.309 0.309 0.0
Site 18 10 0.113 0.113 -0.3

Notes:

(1) Source: Sanitary Sewer Flow Monitoring and Inflow/Infiltration Study, August 2012
(2) Dry Weather Flow = (5 x Weekday Average + 2 x Weekend Average)/7
(3) Percent Difference = (Modeled — Measured)/Measured x 100

Appendix D contains a detailed dry weather flow calibration summary sheet for each of the
17 meter sites. Each calibration sheet provides plots that compare the model simulated and
field measured flow, velocity, and level data for both weekday and weekend conditions. An
example of the dry weather calibration for Site 17 is shown on Figure 4.6. As shown on
Figure 4.6 and in Appendix D, there is excellent overall correlation of the field measured
data to the model output results. However, there were a few sites where the modeled flows,
levels, or velocities were slightly outside of the generally accepted calibration tolerances.
The majority of these sites were only marginally outside of the acceptable tolerances, and
therefore the model was considered calibrated.
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4.3.3 Wet Weather Flow Calibration

The WWEF calibration enables the hydraulic model to accurately simulate I/I entering the
collection system during a large storm. As outlined below, the WWF calibration process
consists of several elements:

4-26

Identify calibration rainfall events. The WWF calibration process consists of
running model simulations of historic rainfall events based on data collected as part of
the temporary flow monitoring program. The goal of any wet weather flow monitoring
program is to capture and characterize a system’s response to a significant rainfall
event, preferably during wet antecedent moisture conditions.

The selection of a particular calibration storm or group of storms is based on a review
of the flow and rainfall data. For WWF calibration, the model was run from March 11,
2012 to April 21, 2012, and calibrated to the three main rainfall events that occurred
during the course of the flow monitoring period.

In order to run a model simulation for the March 11, 2012 to April 21, 2012 rainfall
events, the hourly rainfall data were input into the model for these events. Each flow
monitoring tributary area, or basin, was assigned a specific rainfall hyetograph, which
was calculated for each basin based on the rainfall data collected at the rain gauges
installed as part of the temporary flow monitoring program. Refer to Chapter 3 and
Appendix B for more detail on how this computation was performed.

Define RDII tributary areas. For the WWEF calibration, RDII flows are superimposed
on top of the DWF. The model calculates RDII by assigning “RDII Inflows” to each
node in the model. RDII inflows consist of both a unit hydrograph and the total area
that is tributary to the model node. The RDII tributary areas were calculated in GIS
using the loading polygons, ex