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Chapter 1
INTRODUCTION

This Chapter presents a brief summary of the City of Pinole's (City’s) need for the Sanitary Sewer
Master Plan Update (Master Plan), the objectives of the Master Plan, and a description and
organization of the seven chapters that cover the wastewater collection system.

1.1 Background

The City is located in the San Francisco Bay Area, along the San Pablo Bay in Western Contra
Costa County, California. The Cityis located near the beginning of State Route 4, which begins
just north of the City (Figure 1.1). The City limits comprise approximately 5.5 square miles, and
consists of varied topography ranging from steep terrain to ocean basin.

The City, which was incorporated in 1903, provides sewer and storm drainage service toits
customers. The City provides sewer service to most of itsthe residential, commercial, and
industrial customers. West County Wastewater (WCW) provides sewer service to a small portion
of the City.

1.2 Wastewater Collection System Overview

The City provides wastewater services to approximately 19,000 residents, industrial and
commercial users. The wastewater collection system includes approximately 50 miles of active
gravity sewer lines, ranging from 6 to 30 inches in diameter, two lift stations, and associated
force mains. Wastewater generated in the sewer service area is conveyed to the Pinole-Hercules
Water Pollution Control Plant (WPCP). WPCP provides wastewater treatment tothe cities of
Pinole and Hercules. The WPCP is owned and operated by the City.

1.3 Study Purpose, Scope, and Authorization

The purpose of this Master Plan is to gain an understanding of the system’s performance and to
provide a planning document for the City’'s wastewater collection system. Overall, the Master
Plan will assist the City in their approach to optimizetheir collection system operations,
maximize the use of existing pipelines, and focus spending in key areas in need of improvement.

Carollo Engineers (Carollo) was contracted to prepare the Master Plan. The Master Plan scope of
services includethe following main tasks:

e Task 1-Project Management and Quality Control.

e Task 2—Data Collection and Review.

e Task 3 —Existing and Future Wastewater Flow Analysis.
e Task 4—Hydraulic Analysis.

e Task 5- Pipeline Risk Assessment.

e Task 6 —Prepare Capital Improvement Program.

e Task 7 —Sanitary Sewer System Master Plan Report.

Iy
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1.4 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:

e Chapter1- Introduction. This chapter presents the project background, goals, and
organization of this Master Plan.

e Chapter2 - Land Use and Population. This chapter presents a description of the study
area, defines the planning horizon for this study, and summarizes the zoning
classifications and future development of the study area.

e Chapter 3 - Planning and Evaluation Criteria. This chapter presents the planning
criteria and methodologies for the analysis used to evaluate the City's existing sanitary
sewer collection system and associated facilities, which are utilized to identify existing
system deficiencies and to size future improvements.

e Chapter 4 - Wastewater Flows. This chapter summarizes the existing and projected
wastewater flows for the City’s collection system.

e Chapter5 - Sanitary Sewer 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 wastewater collection system, the existing
hydraulic model, and an outline of the steps used to update the model are provided. A
detailed summary of the hydraulic model calibration steps, standards, and results for
both dry weather flow (DWF) and wet weather flow (WWF) conditionsis also provided.

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

e Chapter7 - Capital Improvement Plan. This chapter presents the CIP, a summary of the
capital costs, and a basic assessment of the possible financial impacts of the proposed
CIP.

1.5 Acknowledgements
We would like to thank the following City staff for their assistance and oversight of this project:

e Sanjay Mishra; Public Works Director/City Engineer.
e Misha Kaur; Capital Improvement and Environmental Program Manager.
e Tamara Miller; former Development Services Director/City Engineer.

The following Carollo staff members were principally involved in this project:

e Tim Loper, P.E.; Project Manager.

e Ryan Orgill, P.E; Project Engineer.

e Danielle Orgill, P.E.; Hydraulic Modeling Lead.
e Kyle Pierce; Staff Engineer.

e Joaquin Ramirez, P.E; Quality Management.
e Kevin Christensen; GIS/Graphics.

e Sabrina Bruce; Document Processing.
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Chapter 2
STUDY AREA

This chapter outlines the planning area for the wastewater collection system, defines land use
classifications and describes the planned development within the City’s service area. A summary
of historical population trends and population projections are also presented in this chapter.

2.1 Study Area

The study area generally consists of the City limits, however a small portion of the Cityis served
by WCW and is excluded from the study area for the purposes of this Master Plan. Figure 2.1
shows thestudy area.

2.2 Planning Horizon

This Master Plan is intended to serve as a guiding document for the planning and
implementation of system improvements to accommodate future growth through build out of
the City’s General Plan Update (General Plan).

2.3 Climate and Topography

Table 2.1 summarizes the study area’s climate. As shown, the City’s climate is characterized by
long, warm, arid summers and short, cold, wet winters. January is the wettest month with an
average 4.76-inches of precipitation and July is the driest month with an average of 0.04-inches
of precipitation. The average annual precipitationis approximately 23.14-inches, with
approximately 90-percent of the average annual precipitation occurring between November and
April. The City’s elevation ranges from sea level in the northern portion of the City to
approximately 780-feet above sea level in the south eastern portion of the City. Figure 2.2 shows
a map of thestudy area topography.

Table2.1  Study AreaClimate

Average Temperature® Monthly Average Total
(degrees Fahrenheit [°F]) Average ETo® Precipitation®
Minimum Maximum (inches) (inches)

January 42.6 57.5 1.66 4.76
February 454 61.5 2.06 3.83
March 46.8 63.8 3.17 331
April 48.8 66.5 431 1.67
May 517 69.0 4.82 0.53
June 54.4 711 5.48 0.21
July 553 70.4 5.25 0.04
August 56.1 71 4.38 0.07
September 56.3 741 4.06 0.21

FINAL | SEPTEMBER 2022 | 2-1
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Average Temperature® Monthly Average Total
(degrees Fahrenheit [°F]) Average ETo® Precipitation®
Minimum Maximum (inches) (inches)
October 53.3 72.2 3.34 1.27
November 48.0 64.6 1.89 2.89
December 433 58.1 1.49 4.36
Average or Total 50.2 66.6 41.91 23.14
Notes:

(1) Source: Western Regional Climate Center Richmond, California (047414). Represents monthly average from
December 1950 to June 2016.

(2)  Source: California Irrigation Management Information System (CIMIS) Station 213 El Cerrito. Represents monthly
average evapotranspiration (ETo) from September 2013 to April 2021.

2.4 Land Use

Land use information is an integral component in determining the wastewater generation within
a given service area. The type of land use in an area will affect the volume and character ofthe
wastewater generation. Adequately estimating wastewater flow from various land use types is
important in sizing and maintaining effective system facilities.

An important tool for determining land use projections is the City’s General Plan, which was
updated in November 2010. The land use assumptions provided inthe General Plan were used
for the purpose of this Master Plan. The Master Plan identifies three general land use categories,
residential, commercial and public and other uses. These categories are split down even further
into specific land use categories:

e Residential:
- Low Density Residential.
- Suburban Residential.
- Medium Density Residential.
- High Density Residential.
e Commercial:
- Regional Commercial.
e Public and Other Uses:
- Mixed Use Sub-Area.
- Old Town Service Area.
- Service Sub-Area:
= San Pablo Avenue.
=  Pinole Valley Road.
= Appian Way.
- Rural.
- Open Space.
- Parks and Recreation.
- Public/ Quasi-Public/ Institutional.
- San Pablo Bay Conservation Area.
- Transportation.

2-2 | SEPTEMBER 2022 | FINAL
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The City currently has limited open space/land available for future development. However, there
is the potential for redevelopment/densification in certain areas of the City. The City’s General
Plan identifies three primary areas of growth:

e San Pablo Avenue Corridor.
e Appian Way Corridor.
e Pinole Valley Road Corridor.

Figure 2.2 shows theexisting land use within the City limits, based on the 2010 General Plan.
Table 2.2 provides a summary, by land use, of theamount of developed and developable land
within the City limits.

Table2.2 General Plan Land Use

Land Use Designation | Acres
Residential
Low Density Residential 487
Residential Sub-Area 24.8
Suburban Residential 1,097.0
Medium Density Residential 97.4
High Density Residential 193
Residential Subtotal 1,287
Commercial
Regional Commercial 67.8
Commercial Subtotal 67.8
Publicand Other Uses
Mixed Use Sub-Area 183.5
Old Town Sub-Area 319
Service Sub-Area 40.2
Open Space 392.8
Parks and recreation 2957
Rural 409.6
Public/Quasi-Public/Institutional 101.4
San Pablo Bay Conservation Area 232.0
Transportation 545.0
Public and OtherUses Subtotal 2,232
Total 3,587
Notes:

(1) Source: City of Pinole General Plan (2010).

As shown in Table 2.2, out of the total 3,587 acres within the City limits. There are approximately
83 acres (2 percent) of developable land within the City limits. Of the 83 developable acres,

59.6 acres (72 percent) are classified as residential, 5.2 acres (6 percent) are classified as
mixed-use, and theremaining 18.3 acres (22 percent) are classified as service sub-area, which is
broken down into three primary categories: San Pablo Avenue, Appian Way and Pinole Valley

FINAL | SEPTEMBER 2022 | 2-7
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Road. The service sub-area is part of the Three Corridors Specific Plan Area Land Uses that
includes three land use types: Mixed-Use, Old Town, and Service Sub-Area.

2.4.1 Planned Developments

The City provided Carollo with a list of planned developments which includes a variety of
mixed-use and service sub-area land use types. These developments are assumed to be fully
developed by the buildout planning horizon. The number of units and area of each planned
development is summarized in Table 2.3, while thelocation of each development is shown on
Figure 2.3. The planned developments are expected to result in roughly 395 new residential units
and approximately 1.7 acres of commercial development.

Table2.3  Planned Developments

811 San Pablo Mixed-Use San Pablo

Avenue Sub Area Avenue Corridor 3 0.61

VistaWoods

Apartments Mixed-Use San Pablo 179 502

1230 San Pablo Sub Area Avenue Corridor )

Avenue

The BCRE Project Service Pinole Valle

2801 Pinole Valley Sub Area Road Corrier 29 1.74 174

Road

Appian Way Service Appian Way 154 338

2151 Appian Way Sub Area Corridor '

Total - - 395 7.75 1.74
Notes:

(1) Source: City of Pinole.
(2)  All residential units are multifamily.

2.4.2 Additionallnfill and Redevelopment

The City currently has little open space/land available for future development. However, there is
the potential for redevelopment/densification in certain areas of the City. Figure 2.4 shows the
areas that are vacant/underdeveloped.

- oy
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2.4.3 Accessory Dwelling Units

Accessory dwelling units (ADUs) are also expected to contribute wastewater flows inthe future.
The City provided Carollo with the historic number of ADU applications received from
2018-2021.For theyears 2022-2030, a10-percent increase was assumed. The ADU projection
summary is shown in Table 2.4. Development of ADUs beyond 2030 is not included in this Master
Plan. Itis recommended that the City continueto monitorthe number of applications and actual
development of ADUs to better estimate the number of future ADUs.

Table2.4  ADU Projection Summary

Year ADU's/year®

2018 3

2019 4

2020 7

2021 12
2022 13
2023 14
2024 15
2025 17
2026 19
2027 21
2028 23
2029 25
Total 201

Notes:
(1) Number of ADU’s for 2018-2021 based on number of applications received. Assumed 10 percent increase in ADU
applications for 2022 through 2030.

2.5 Population
This section summarizes historical population trends, existing, and projected population.

2.5.1 Historical and Existing Population

Historical population estimates from the California State Department of Finance (DOF) from
years 2001through 2020 are presented in Table 2.5. As of 2020, the total existing population
within the City’s boundaries was estimated at 19,505 people. This includes thearea that is
serviced by WCW. The average growth rate, over the past 20 years is approximately

0.12 percent.

Table2.5  Historic and ExistingPopulation
vear | popultion | (onChiedtoGemer | Netheresse | o RCLTET
2001 19,194 17,300 155 0.81 percent
2002 19,140 17,246 -54 -0.28 percent
2003 19,099 17,205 -41 -0.21 percent
2004 19,044 17,150 -55 -0.29 percent
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Population C Population Net Increase Groyvthfrom
onnected to Sewer Previous Year
2005 18,837 16,943 -207 -1.10 percent
2006 18,460 16,566 -377 -2.04 percent
2007 18,291 16,397 -169 -0.92 percent
2008 18,304 16,410 13 0.07 percent
2009 18,335 16,441 31 0.17 percent
2010 18,390 16,496 55 0.30 percent
2011 18,533 16,639 143 0.77 percent
2012 18,693 16,799 160 0.86 percent
2013 18,972 17,078 279 1.47 percent
2014 19,117 17,223 145 0.76 percent
2015 19,271 17,377 154 0.80 percent
2016 19,430 17,536 159 0.82 percent
2017 19,498 17,604 68 0.35 percent
2018 19,546 17,652 48 0.25 percent
2019 19,563 17,669 17 0.09 percent
2020 19,505 17,611 -58 -0.30 percent
20 Year Average Growth 0.12 percent
Notes:

(1) Source: California DOF.

2.5.2 Projected Population

The projected population growth is summarized in Table 2.6 and shown in Figure 2.5. As shown
in Table 2.6, the City s projected to experience a growth rate in population of about 10-percent
by 2030, according to the City’s General Plan.

Table2.6  Projected Population Growth

City Wide Sewer Service
) Net Increase ) Net Increase
Population Area Population
2020@ 19,505 - 17,611 -
2025@ 21,200 8 percent 18,652 6 percent
2030@ 21,800 10 percent 19,252 3 percent
Notes:

(2) Source: California DOF.
(3) Source: General Plan 2010.
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Chapter 3
PLANNING AND EVALUATION CRITERIA

This chapter presents the planning criteria and methodologies for the analysis used to evaluate
the City's existing sanitary sewer collection system which are utilized to identify existing system
deficiencies, and tosize future improvements. The planning criteria address the collection
system capacity, acceptable gravity sewer pipe slopes, maximum allowable depth of flow, design
velocities, and changes in pipe size.

3.1 Gravity Sewer Criteria

Gravity sewer pipe capacities are dependent on many factors, such as pipe roughness, the
chosen maximum allowable depth of flow, pipeline velocity, and slope. The following sections
describe the factors that account for the determination of existing and future pipeline capacities
in the City’s collection system.

3.1.1 Manning’s Coefficient (n)

The Manning's coefficient "n" is a friction coefficient that represents resistance to flow, and
varies with respect to pipe material and condition, smoothness of joints, root intrusion, and
other factors. Forsewer pipes, the Manning's coefficient typically ranges between 0.011 and
0.017, with 0.013 being a representative value used for system planning purposes. Due to
unknown conditions of existing pipelines, a conservative Manning's “n” factor of 0.013 was
initially used for the evaluation of all existing collection system pipelines. Pipe roughness values
were adjusted during calibration. The evaluation of all proposed pipelines used a Manning's “n”
factor of 0.013.

3.1.2 Peak Flow Depth Criteria

The primary criterion used to identify pipeline capacity deficiencies or to size new sewer
improvements is the peak flow depth criteria, which is represented by the d/D ratio (depth of
flow, d, to pipe diameter, D, ratio). For example, a minimum d/D of 0.5 means that the maximum
allowable flow depth is 50-percent. Based on Carollo’s experience, City staff input, and industry
standards, the criteria listed in Table 3.1 were used to evaluate existing and proposed sewers.

Table3.1  Maximum FlowDepth Criteria

Pipe Type | Pipe Diameter (inches) | Maximum FlowDepth Criteria
Existing Sewers All Pipes Minimum 3-feet freeboard
New Sewers (Future/Proposed) Smallerthan 15-inch d/D=0.50
New Sewers (Future/Proposed) 15-inch and Larger d/D=0.75

Maximum flow depth criteria for existing and new sanitary sewers are established based on a
number of factors, including the acceptable risk tolerance of the utility, local standards and
codes, and other factors.
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Using a conservative (low) flow depth criteria when evaluating existing sewers may lead to
unnecessary replacement of existing pipelines. Conversely, lenient flow depth criteria could
increase therisk of sanitary sewer overflows (SSOs). Ultimately, the maximum allowable flow
depth criteria should be established to be as cost-effective as possible while at the same time
reducing the risk of SSOs to the greatest extent possible. For the City, existing pipelines where
the maximum hydraulic grade line (HGL) reached within 3-ft of the manhole rim. The maximum
allowable flow depth for new sewers varies depending on the pipe diameter (0.5 for pipes smaller
than 15-inches and 0.75 for pipes 15-inches and larger).

System bottlenecks raise the hydraulic grade line of upstream sewers, leading to backwater
conditions. The greater the capacity deficiency, the higher water levels will surcharge upstream
of the bottleneck pipeline (or pipelines). The hydraulic model is used to determine “backwater”
pipelines in order to specify which specific pipelines are the actual root causes of the capacity
deficiency. Capital projects are proposed to provide greater flow capacity for the deficient
sewers, which eliminates the backwater conditions that cause surcharging.

3.1.3 Design Velocities and Minimum Slope

To minimize the settlement of sewage solids, it is industry standard to specify a minimum
velocity of 2-feet per second (fps). At this velocity, the sewer flow will provide self-cleaning of
the pipe. Table 3.2 lists the recommended minimum slopes for new pipes to maintain a
minimum velocity of 2-fps.

Table3.2  Minimum Slope for New Pipes

Recommended Minimum

Pipe Diameter (inches) Maximum d/D Ratio® Slope® (feet/feet)
8 0.50 0.0034
10 0.50 0.0025
12 0.50 0.0020
15 0.75 0.0012
18 0.75 0.0009
21 0.75 0.0008
24 0.75 0.0006
30 0.75 0.0005
36 0.75 0.0004
42 0.75 0.0003
Notes:

(1) Basedon criteria outlined in Table 3.1.
(2) Recommended minimum slope to provide a minimum velocity of 2 fps (based on maximum allowable flow depth).

3.1.4 Changesin Pipe Size

When a smaller sewer joins a large one, the invert of the larger sewer should be lowered
sufficiently to maintain the same energy gradient. An approximate method for securing these
results is to place the 80 percent depth point of both sewers at the same elevation. For planning
purposes and designing new pipes, sewer crowns for new/proposed pipelines are typically
matched at the manholes.

. oy
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3.2 Pump Stations and Force Mains

Industry standard practice is to require that sewage pump stations have sufficient capacity to
pump peak flows with the largest pump out of service (firm capacity). Force main piping should
be sized to provide a minimum velocity between 3-fps and 8-fps. Forthe determination of
headloss, the Hazen-Williams equation is used with a C-factor of 120, which is typical for sewer
system master planning purposes.

3.3 Peak Wet Weather Flow Design Storm

Design storms are rainfall events used to analyze the performance of a collection system under
extreme wet weather events. The City’s design storm was applied to the collection system
hydraulic model to determine peak wet weather flows (PWWFs). The first step inthe
development of the design storm is to define its recurrence interval and rainfall duration. The
recurrence interval is based on the probability that a given rainfall event will occuror be
exceeded in any given year. For example, a “100-year storm” means there is a 1in 100 chance
that a storm as large as or larger than this event will occur at a specific location in any year.

The design storm for the City of Hercules was based on the Central Contra Costa Sanitary
District Master Plan Update (Carollo, 2017). Because both the City of Hercules and Pinole
discharge tothe WPCP, the design storm used for the City of Hercules was used to be consistent.
The design storm used was a 10-year. 24-hourstorm event with a total of 24-hourrainfall volume
of 3.52-inches. A 10-year, 24-hour design storm is commonly used in California to determine
PWWF in collection systems. The distribution of rainfall for the 10-year, 24-hourevent was based
on the12/30-31, 2005 historical event and has a peak hourly rainfall intensity of 0.54 inches per
hour. The design storm is shown in Figure 3.1
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Figure3.1 10-Year, 24-Hour Design Storm
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Chapter 4
WASTEWATER FLOWS

This chapter summarizes the City's historic and projected wastewater flows. Included is a
discussion on various flow components present in wastewater and a summary of the flow
monitoring data that was used as part of the Master Plan.

4.1 Wastewater Flow Components

This section describes theterminology used for the hydraulic analysis of the wastewater
collection system. Wastewater flows vary according to season and generally consist of DWF and
WWF. DWF and WWF both include base wastewater flow (BWF), which is the day-to-day diurnal
flow generated by the customers within the City-connected to the sewer system.

Figure 4.1 illustrates the various flow components of wastewater in general, which are described
in detail below:

e BWEF. The BWF is the flow generated by the City’s customers independent of wet
weather influences. BWF is estimated by measuring flows during dry weather
conditions. The flow has a diurnal pattern that varies depending on thetype of use.
Commercial and industrial patterns, though they vary depending onthe type of use,
typically have consistently 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.

e Average Annual Flow (AAF). The AAF is the average flow that occurson a daily basis
throughout theyear, including both periods of dry and wet weather conditions.

e Average Dry Weather Flow (ADWF). The ADWF is the average flow that occurs ona
daily basis during the dry weather season. The ADWF includes the BWF generated by
the City'sresidential, commercial, and industrial users, plus the dry weather
groundwater infiltration (GWI) component.

e GWI.GWIis the result of 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 occurthroughout 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.

e Rainfall-Derived Inflow/Infiltration (RDII). Wet weather infiltration and inflow (I/1)
causes flows in the collection system toincrease. 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 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. Some of the
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most common sources of I/l are shown on Figure 4.2. The adverse effects of I/l entering
the sewer system is that it increases both the peak flow as well as the total volume, as
illustrated on Figure 4.3.

e PWWF. PWWF is the highest observed flow that occursfollowing a design storm event
and is typically used for designing sewers, lift stations, and some unit processes in a
treatment plant. Therefore, the PWWF and the “"Design Flow"” are synonymous and will
be used interchangeably throughout this report.
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4.2 Temporary Flow Monitoring Program

V&A Consulting Engineers, Inc. (V&A) conducted a temporary flow monitoring program between
1/20/2014 and 3/30/2014.Flow monitoring was performed in three phases:

e Phase1:1/20/2014 through 2/16/2014.
e Phase 2:2/24/2014 through 3/5/2014.
e Phase 3: 3/24/2014 through 3/30/2014.

The initial Phase 1broke the collection system into 16 larger basins generally north of
Interstate 80 (I-80), to establish base wastewater flow and identify basins with high rates of I/I.
Following thefirst rain event in Phase 1, some meters were removed and relocated to break up
the basins with higher I/I. Phase 3 served to further break down the Phase 2 basins with the
highest I/I. Overall, atotal of 34 sites were monitored during one or more phases.

The temporary flow monitoring program helped develop design flow criteria and correlate actual
collection system flows to the hydraulic model predicted flows. Flow monitoring data was used
to calibrate the collection system hydraulic model for dry weather and wet weather flow and to
help toidentify areas of the system with the highest rates of I/l. The City defined an “Area of
Interest” north of I-80 as the goal of the 2014 flow monitoring program.

4.2.1 Flow Monitoring Sites and Tributary Areas

Open-channel flowmeters were installed at 32 gravity sites and volumetric meters sensors were
installed at the two lift stations, throughout all three phases. Table 4.1 lists the flow monitoring
locations and the sewer diameters where the meters were installed. The 34 flow monitoring
locations, as well as the tributary area to each site, are shown on Figure 4.4. Figure 4.5 provides a
schematic illustration of the flow monitoring locationsfor each phase.

FINAL | SEPTEMBER 2022 | 4-5






SANITARY SEWER MASTER PLAN UPDATE | CHAPTER4 | CITY OF PINOLE

Table4.1  FlowMonitoring Locations
.' Pipe Activein Activein Activein
Monl'torlng MeterType | Diameter Location Phase 1© Phase 2 Phase 3®
Site (in)@ 1/20/2014- 2[24[2014- 3/24/2014-
2/16/2014 3/5/2014 3/30/2014
SiteM1 gravity 15 Pinole valley Road just south of Highway 80 v n/a n/a
Site M2 gravity 30 Tennent Avenue just outside WPCP v v n/a
Site M3 Sl n/a San Pablo Lift S;itri?,;\fi?,c g;sg Avenue west of v n/a nja
SiteM3.1 gravity 6 830 Meadows Avenue n/a v v
Site M3.1A gravity 6 Intersection of Meadow Avenue and Betty Avenue n/a n/a v
SiteM3.1B gravity 6 Intersection of Meadow Avenue and Nob Hill Avenue n/a n/a 4
Site M3.2 gravity 6 830 Meadows Avenue n/a v n/a
Site M4 LS Logger n/a Hazel Lift Stationa(‘lzréleg::rggnt at west end of v n/a nja
Site M5 gravity 7.25 Appian Way south of San Pablo Avenue v n/a n/a
SiteM5.1 gravity Intersection of Appian Way and Marlesta Road n/a v n/a
Site M5.2 gravity Intersection of Appian Way and Marlesta Road n/a v v
SiteM5.2A  gravity 1367 Marlesta Road n/a n/a v
SiteM5.3 gravity 6 1171 Marlesta Road n/a v v
Site M6 gravity 10 Pinon Avenue north of Bay View Farm Road v n/a v
Site M6.0A gravity 10 Intersection of Roble Avenue and Pinon Avenue n/a n/a v
Site M6.1 gravity 6 Just west oftheigazr;?;‘gﬁrl\%zﬁxwew Farm Road n/a v n/a
SiteM6.2 gravity 8 Intersection of Pinon Avenue and Primrose Lane n/a v n/a
SiteM6.3 gravity 8 Roble Avenue west of Pinon Avenue n/a v 4
Site M6.3A gravity 6 Intersection of San Pablo Avenue and 5th Avenue n/a n/a v
Site M6.3B gravity 8 Intersection of San Pablo Avenue and Roble Avenue n/a n/a v
SiteM6.4 gravity 8 Intersection of San Pablo Avenue and Rogers Way n/a v n/a
Site M6.5 gravity 8 747 Sunnyview Drive n/a v v
Site M6.5A gravity 7.75 Intersection of Sunnyview Drive and Patrick Drive n/a n/a v
Site M6.5B gravity 7.75 Intersection of Sunnyview Drive and Nob Hill Avenue n/a n/a v
Site M7 gravity 15 Intersection of Orleans Drive and Zoe Court v n/a n/a
SiteM8 gravity 7.75 Henry Avenue west of Pinole Valley Road v n/a n/a
Site M9 gravity 6 Intersection of Henry Avenue and Pinole Valley Road v n/a n/a
Site M10 gravity 8 Intersection of Tennent Avenue and Prune Street v n/a n/a
SiteM11 gravity 10 Intersection of Pinole Valley Road and Rafaela Street v n/a n/a
SiteM12 gravity Intersection of Pinole Valley Road and Rafaela Street v n/a n/a
Site M13 gravity San Pablo Avenue just west of Quinan Street v n/a n/a
SiteM14 gravity 8 Intersection of Tennent Avenue and Park Street 4 n/a n/a
Site M15 iy 6 Tennent Avenue:g::\tahnzi’;h:atrfintracks west of v n/a nja
SiteM16 gravity 11.5 Tennent Avenue north of Orleans Drive 4 n/a n/a
Notes:

(1) n/ameansitis not active during this phase of the flow monitoring period.
(2) Internal measured diameter.
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4.2.2 Flowmeter Installation and Flow Calculation

V&A installed a combination of Isco 2150 flowmeters and Hatch Flo-Dar flowmeters for
temporary monitoring within the collection system. Isco 2150 meters use submerged sensors
with a pressure transducer to collect depth readings and an ultrasonic Doppler sensor to
determine the average fluid velocity. The ultrasonic sensor emits high-frequency sound waves,
which are reflected by air bubbles and suspended particles in the flow. The sensor receives the
reflected signal and determines the Doppler frequency shift, which indicates the estimated
average flow velocity. The sensor is typically mounted at a manhole inlet to take advantage of
smoother upstream flow conditions. The sensor may be offset to one side tolessen the chances
of fouling and sedimentation where these problems are expected to occur. Manual level and
velocity measurements were taken during the installation of the flowmeters and again when
they were removed and compared to simultaneous level and velocity readings from the
flowmeters to ensure proper calibration and accuracy. The pipeline diameter was also verified in
order to accurately calculate the flow cross-section. The continuousdepth and velocity readings
were recorded by theflowmeters on 5-minute intervals. The flow at each meter was 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.
4.2.3 Rain Gauges

V&A collected data from four rain gauges near the City. Rainfall data was collected in 15-minute
intervals throughout the flow monitoring period.

4.3 Flow Monitoring Program Results

This section summarizes the results of the flow monitoring program, including dry weather flow,
rainfall data, and wet weather flow results. Appendix A includes additional data summaries and
other information associated with thetemporary flow monitoring program. Results for meter
site M7 is presented throughout this chapter as an example.

4.3.1 DryWeather Flow Data

During the flow monitoring period, flow, depth, and velocity data were collected at each meter
at 15-minute intervals. 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. For this
flow monitoring program, V&A developed two ADWF curves for each site location (weekday and
weekend). Hourly patterns were separated thisway to better understand how the dry weather
flows vary day to day as flows often differ on weekday evenings compared to weekend. V&A
used the data from days least affected by rainfall to estimate the weekday and weekend ADWF.

Figure 4.6 illustrates a typical variation of weekday and weekend flows in the City’s wastewater
collection system, which is based on the data collected from flowmeter site M7. Similar graphics
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associated with theremaining sites are included in Appendix A. Table 4.2 summarizes the dry
weather flows at each meter. As shown on Figure 4.6, flow patterns differ according to the day of
the week. Dry weather flow for weekdays experienced an earlier and shorter morning peak and a
later evening peak. By contrast, the weekend pattern shows a later and prolonged morning

peak, which levels off until the late evening.

— Weekday —— Weekend
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Figure4.6  Typical Dry Weather Flow Variation (Site M7)

Table4.2  DryWeatherFlow Summary

ADWF (mgd)
Site
Weekday Weekend Overall
Phase 1

SiteM1 0.459 0.497 0.47
Site M2 111 1.105 1.109
SiteM3 0.067 0.068 0.067
Site M4 0.126 0.136 0.129
Site M5 0.019 0.02 0.019
Site M6 0.172 0.189 0.177
Site M7 0.358 0.378 0.364
Site M8 0.007 0.006 0.007
SiteM9 0.004 0.005 0.004
SiteM10 0.083 0.09 0.085
SiteM11 0.018 0.016 0.017
SiteM12 0.003 0.003 0.003
Site M13 0.055 0.058 0.056
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cite ADWF (mgd)

Weekday Weekend Overall
Site M14 0.041 0.044 0.042
SiteM15 0.015 0.016 0.015
Site M16 0.083 0.091 0.085

Phase 2
SiteM3.1 0.035 0.025 0.032
SiteM3.2 0.011 0.011 0.011
SiteM5.1 0.022 0.026 0.023
SiteM5.2 0.011 0.013 0.013
SiteM5.3 0.022 0.023 0.022
SiteM6.1 0.01 0.014 0.011
Site M6.2 0.015 0.018 0.016
SiteM6.3 0.171 0.14 0.162
Site M6.4 0.076 0.103 0.084
SiteM6.5 0.008 0.011 0.009
Phase 3

Site M3.1A 0.009 0.01 0.009
Site M3.1B 0.006 0.006 0.006
SiteM5.2A 0.009 0.01 0.009
Site M6.0A 0.056 0.061 0.057
Site M6.3A 0.005 0.005 0.005
SiteM6.3B 0.003 0.004 0.003
Site M6.5A 0.003 0.003 0.003
Site M6.5B 0.003 0.004 0.003

Notes:
(1) Source: City of Pinole Sanitary Sewer Flow Monitoring and I/l Study, V&A Consulting Engineers, Inc. (2015).
(2) Overall DWF = ((5 x Weekday) +(2 x Weekend))/7.

In addition, V&A provided estimates for the average weekday and weekend levels and velocities
at each site, which are used for dry weather calibration.

4.3.2 Rainfall Data

The rainfall data collected by V&A was used to correlate thel/l response observed in the
collection system to specific storm recurrence intervals. At least one major rainfall event was
captured during each Phase of the flow monitoring program. The rain gauges recorded a total of
6.48 and 11.28-inches of rain during the entire flow program depending on location. The
February 2-10, 2014 rainfall event was the most significant event captured and elicited the
greatest I/l response throughout the collection system. The rain gauges recorded between

3.00 and 5.47-inches of rain during the February 2-10, 2014 storm event. Table 4.3 summarizes
the rainfall amount for each rain gauge for the major storm events for each phase, along with the
total rainfall captured during the flow monitoring program.

- oy
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Table4.3  Rain GaugeData

Storm Event | North | East | South | West
February2 —10, 2014 (Phase 1) 3.75 5.47 476 3.00
February 26 —March 6,2014 5 34 5 48 5 55 178
(Phase2)

March 26 —April 1, 2014 5 45 317 3.09 ) 46
(Phase 3)

Season Total (inches) 8.69 11.28 10.55 6.84
February 2/10/2014 Event 4 year, 1+ year,
Classification(2) ALy 24 hour 24 hour ALy

Notes:
(1) Source: V&A 2014 Sewer Flow Monitoring and Inflow/Infiltration Study.
(2) Storm event classifications only provide for February 2-10, 2014 event because this was the largest event.

It is important to classify the size of any major storm events captured during the flow monitoring
period. National Oceanic and Atmospheric Administration (NOAA) Atlas 14 provides
precipitation frequency estimates for the United States based on historical rainfall data and
serves as the industry standard for determining total rainfall depth at specified frequencies and
durations. The Atlas provides precipitation frequency estimates for 5-minutes through 60-days
durations at average recurrence intervals of 1-year through 1,000-year.

The largest storm event classifications for the February 2-10, 2014 storm event is listed in
Table 4.4 for each rain gauge site. As shown, the February 2-10, 2014 was classified as a 4-year,
24-hourstorm event at the East rain gauge. This storm event was classified as approximately
1-year orless storm event at the other rain gauge sites.

4.3.3 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
rainfall events, and all were used for the I/l analysis and model calibration.

Figure 4.7 shows an example of the wet weather response at flowmeter M7 during the February
2-10, 2014 storm event. Additional wet weather monitoring results for all meters can be found in
Appendix A. The dashed line is the calculated ADWF (baseline flow) while the black line is the
measured flow from the flow monitoring period (real-time flow). The difference between the
real-time flow and the baseline flow is essentially I/I. As shown on Figure 4.7 and Appendix A,
significant amounts of I/l do enter portions of the collection system during wet weather events.
The following section summarizes the results from of V&A's Inflow/Infiltration Analysis as part of
the Temporary Flow Monitoring Program.
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Figure4.7 Example Wet Weather Flow Response (Site M7)

4.3.4 Inflow and Infiltration Analysis

This section summarizes the findings from V&A's |/l analysis, provided in Appendix A, which was
completed for the flowmeters installed as part of the temporary flow monitoring program.

e Site M1 was not included in the analysis because it was used to measure the flow coming
into the area of interest.

e Site M2 was notincluded inthe analysis because it was notisolated as a basin because it
would have required subtracting flow from 11 other upstream metering sites. This is an
issue because when subtracting flows, the inherent error is increased on an additive
basis.

e Site M12 was notincluded because inthe analysis because the meter failed after
prolonged surcharging during the first storm event.

434.1 Inflow

As discussed earlier in this chapter, inflow is storm water discharged into the sewer system
through direct connections. The corresponding flow rates from these direct connections are
closely related to the intensity of the storm. Inflow causes peak flow problems that often dictate
downstream pipeline and pump station capacity.

Table 4.4 summarizes the peak measured I/l flows and inflow analysis results. Peak 1/l rates for
Phase 1 sites were measured for the February 2 —10, 2014 storm event, Phase 2 sites were
measured for the February 26 — March 6, 2014 storm event, and Phase 3 sites were measured for
the March 26 — April 1, 2014 storm event. The highest weighted, normalized peak I/l rates are an
indicator of high inflow upstream from the flow monitoring basin. Below Summarizes the
findings of the inflow analysis:

e InPhase 1, Basins M3, M9 had the highest inflow rankings, respectively. The response
for Basin M9 was real and considerable, but the magnitude may not be correct due to
metering conditions.

e InPhase 2, Basins M5.2, M3.1, M6.5 had the highest inflow rankings, respectively.

e InPhase 3, Basins M5.2, M6.3A, M3.1 had the highest inflow rankings, respectively.

|/ .
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Table4.4  Inflow Analysis Summary

Pine Lenath Measured MPeeaasliJ lrﬁd MPe:aS; :'/eld Measured Inflow
ADWF (mgd) Acres p?idr?ﬂ)g Pea(l:nlllcll?ate S " Peak I/I pe.r Ranl?ing
99 (gpdjidm) | (gpdjac) | APWFRatO

Phase 1
Basin M3 0.067 40 5.09 0.63 123,000 15,700 9.34 1
Basin M4 0.129 587 12.91 0.28 22,000 4,800 2.16 11
Basin M5 0.019 71 10.32 0.64 62,000 9,000 33.50 4
Basin M6 0.09 130 13.01 0.14 11,000 1,100 1.57 13
Basin M7 0.058 41 11.88 0.66 56,000 16,100 11.34 6
Basin M8 0.007 53 6.35 0.02 3,000 400 3.06 12
Basin M9 0.004 28 4.99 0.30 60,000 10,700 67.75 2
Basin M10 0.085 62 11.87 0.26 22,000 4,200 3.05 10
Basin M11 0.017 52 10.48 0.51 49,000 9,800 29.38 7
Basin M13 0.056 17 3.2 0.16 50,000 9,400 2.86 8
Basin M14 0.042 37 6.33 0.30 47,000 8,100 7.17 9
Basin M15 0.015 16 3.65 0.21 58,000 13,100 13.91 5
Basin M16 0.086 12 4.78 0.58 121,000 48,300 6.78 3

Phase 2
Basin M3.1 0.032 16 2.07 0.55 265,700 34,400 173 2
Basin M3.2 0.011 6 114 0.06 52,600 10,000 5.7 5
Basin M5.1 0.023 23 3.34 0.12 35,900 5,200 5.2 6
Basin M5.2 0.011 9 134 0.23 171,600 25,600 20.9 1
Basin M5.3 0.022 29 3.25 0.08 24,600 2,800 3.6 8
Basin M6.1 0.011 13 2.41 0.10 41,500 7,700 8.9 4
Basin M6.2 0.016 13 3.32 0.03 9,000 2,300 1.9 9
Basin M6.3 0.079 40 2.69 0.04 14,900 1,000 0.5 10
Basin M6.4 0.008 13 1.07 0.03 28,000 2,300 37 7
Basin M6.5 0.009 17 3.5 0.11 31,400 6,500 12.6 3

Phase3
Basin M3.1 0.0036 3.1 0.69 0.168 243,600 54,200 46.6 3
Basin M3.1A 0.0038 2.4 0.67 0.044 66,000 18,400 117 7
Basin M3.1B 0.0057 10.1 1.83 0.087 47,700 8,600 15.2 8
Basin M5.2 0.0025 3.6 0.75 0.220 292,700 61,000 89.3 1
Basin M5.2A 0.0016 5.6 0.69 0 0 0 0 13
Basin M5.3 0.0074 289 3.42 0.115 33,500 4,000 15.6 10
Basin M6.0A 0.0459 55.1 10.14 0.703 69,300 12,700 153 6
Basin M6.3 0.0146 36.4 5.38 0.283 52,500 7,800 19.4 5
Basin M6.3A 0.0049 7.6 0.97 0.295 304,100 38,800 60.0 2
Basin M6.3B 0.0036 5.9 139 0.052 37,600 8,800 14.5 9
Basin M6.5 0.0016 3.4 0.85 0.068 80,600 20,100 418 4
Basin M6.5A 0.0029 6.4 136 0.028 20,400 4,300 9.4 12
Basin M6.5B 0.0033 7.3 132 0.034 25,800 4,700 10.4 11

Abbreviations: gpd - gallons per day; gpd/ac - gallons per day per acre; gpd/idm - gallons per day per inch of diameter per mile; idm - inch of diameter per mile; mgd - million gallons per day.
Notes:

(1) Source: V&A 2014 Sewer Flow Monitoring and Inflow/Infiltration Study (Appendix A).

(2) Ranking of 1 represents most inflow after normalization (compared to other basins).

(3) The inflow ranking is normalized perthe following weighting system: 50 percent per IDM, 20 percent per acre, and 30 percent per ADWF.
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4.3.4.2 Combined I/

The combined I/l analysis considers the total volume of I/l over the duration of a storm event.
Table 4.5 summarizes the combined I/l results for Phase 1 of the flow monitoring period. Mater
basins M11, M16, M15, M5, and M3 had the highest weighted, combined I/l rates, an indicator of
high total I/l upstream from the flow monitoring basin.

Table4.5  Combined I/l Analysis Summary

Total I/l Total I/l R-Value Total I/l per | Combined

(gallons) peridm (peracre) ADWF I/ Ranking
Basin M3 0.067 670,000 109,000 19.0 percent 3.07 5
Basin M4 0.129 355,000 8,000 6.9 percent 0.85 11
Basin M5 0.019 570,000 17,000 9.1percent 9.17
Basin M6 0.090 560,000 27,000 4.9 percent 1.90
Basin M7 0.058 200,000 5,000 5.5 percent 1.05 10
Basin M8 0.007 1,000 0 0.0 percent 0.05 13
Basin M9 0.004 76,000 5,000 3.1 percent 5.27 7
Basin M10 0.085 291,000 8,000 5.3 percent 1.05 12
Basin M11 0.017 594,000 17,000 12.9 percent 10.51 1
Basin M13 0.056 214,000 21,000 14.2 percent 1.18 8
Basin M14 0.042 412,000 20,000 12.6 percent 3.02 6
Basin M15 0.015 205,000 17,000 14.5percent 417 3
Basin M16 0.086 858,000 55,000 80.9 percent 3.08 2

Notes:

(1) Source: V&A 2014 Sewer Flow Monitoring and Inflow/Infiltration Study (Appendix A).
(2) Ranking of 1 represents most inflow after normalization.

4.4 Design Flows

This section summarizes the historic flows measured at the Hercules-Pinole WPCP and presents
the calculation of the design flows used to model the existing and future sewer collection
system.

4.4.1 Historical Wastewater Flows

In addition to the flow monitoring program, this project reviewed historical influent flow data at
the Hercules-Pinole WPCP from 2013to 2017 (Datafrom 2018 to present was not evaluated due
toinaccurate flow data) to help establish wastewater flow criteria. Historical flow data isfor the
City only, it excludes the City of Hercules flow. The City’s existing ADWF is 1.10, which was
measured inthe 2014 flow monitoring program.

Flow data from January 2013 through December 2017 are summarized in Table 4.6. The total
annual rainfall was included with the table to help show the trends in the AAF. As expected, the
non-drought years generally indicate a higher AAF than in the drought years, which was likely
due to water conservation efforts and decreased volumes of I/l entering the collection system.
The max day peaking factors for drought years (2013 and 2015) are 1.34 and 2.45 respectively.
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The max day peaking factor for non-drought years (2014,2016,2017) are significantly higher and
range from 4.02 to 5.66.

Table 4.6 Historical Wastewater Flows

Total Annual Average ) Max Day:
Rainfall® Annual Flow A?w\fvz) Flg"v\‘;"(; (Dni‘y 0 ADWF®
(inches) (mgd) 9 9 Peaking Factor
2013 4.0 1.29 1.28 172 134
2014 16.3 134 1.19 5.16 434
2015 8.0 1.14 1.10 2.69 2.45
2016 16.4 131 112 4.49 4.02
2017 20.0 1.60 117 6.64 5.66
Notes:

(1) Source: City WPCP Influent flow data.

(2) ADWF is defined as the weighted average flow during the months of June through August.

(3) Total Annual Rainfall Data is from CIMIS Station 170 for Concord, California.

(4) The ADWF and max day flows are from the City only, not the entire WPCP flows which include Hercules flow.

4.4.2 Wastewater Flow Projections

In order to develop wastewater flow projections and allocate future flows to the collection
system, relationships between land use and wastewater generation were developed. These
relationships, called wastewater flow factors are established based onthe average wastewater
flow generated (based on flow data collected from the temporary flow monitoring program,
discussed in Section 4.3) for each existing land use type. These wastewater flow factors were
then compared to the existing population and residential dwelling units to develop a wastewater
flow per capita and dwelling unit.

4.4.3 Wastewater Flow Factors

Wastewater flow factors provide a means to estimate flow per acre for each land use category.
Wastewater unit flow factors, expressed in gpd/ac, are applied to land use acreage for calculating
average day flow generated from a particular land use type. A wastewater flow factorwas
developed for each of the City’s existing land use classifications, based on water billing data and
data collected during the 2014 temporary flow monitoring program.

The wastewater flow factors were developed usingthe following procedure:

1. Water billing data was joined to the parcels and aggregated by billing category (single
family [SF] residential, multi-family [MF] residential, government, and non-residential).
Winter (January-February) water billing data is usually more representative of average
wastewater flows, because less water is typically used for irrigation during winter (wet)
months. Water billing data associated with fire hydrants or irrigation were excluded.

2. Each parcel withinthe Study Area was designated as developed or vacant. The acreage
for the developed parcels were added up by land use type and associated water billing
category. Open space land use types are assumed to generate negligible wastewater
flows and were excluded from this analysis.

3. Areturn to sewer ratio (the amount of potable water that is returned to the sewer) was
applied to each water billing category.

. |/ .
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The final wastewater flow factors observed in this Master Plan are summarized in Table 4.7. The
wastewater flow factors presented in Table 4.7 represent all customers connected to the City's

sewer broken down by billing category.
Table4.7  Wastewater Flow Factors

W Fl F
Land Use P astewater Flow Factor

(gpd/ac)
SF Residential 1,267 770
MF Residential 21 2,890
Government 257 100
Non-Residential 141 1,360

Based on DOF data, there were 17,611 people living within the study area in2020.Based on the
wastewater flow factors presented in Table 4.7, thisyields an approximate rate of 58 gpd/person.
Based on DOF data, there is 2.81 people/dwelling units (DU). Forthis Master Plan, SF homes are
assumed to have an average of 3 people/DU and MF homes and ADU'’s are assumed to have an
average of 2 people/DU. This yields and approximate rate of 177 gallons per day per dwelling unit
(gpd/DU) for SF and 118 gpd/DU for MF residential types. The final flow factors used to estimate
the future wastewater flows are presented in Table 4.8. The future flows for residential areas are
based on theflow per dwelling unit, whereas the future flows for commercial (non-residential)
and government are based on the flow factors listed in Table 4.7, rounded up to the nearest 10
gpd/acre.

Table 4.8 Future Wastewater Unit Flow Rates

Land Use | Units | Factor
SF Residential® gpd/DU 177
MF Residential®@ gpd/DU 118
Government gpd/ac 100
Non-Residential gpd/ac 1,360

Notes:
(1) Assumed 3 people per DU at approximately 58 gpd/person.
(2) Assumed 2 people per DU at approximately 58 gpd/person.

Future ADU’s are assumed to be built on existing SF residential lots, however, wastewater flows
generated from ADU’s are estimated based onthe MF wastewater flow factor (118 gallons per
day per accessory dwelling unit [gpd/ADU]) which assumes two people per ADU.

4.4.4 Wastewater Flow Projections

Developing an accurate estimate of the future quantity of wastewater generated in the
collection system is an important step in maintaining and sizing sewer system facilities, for both
existing conditions and future developments.
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4.4.4.1 Average Dry Weather Flow

The calibrated ADWF based on the flow monitoring data was not changed for existing parcels
currently connected to the City’s wastewater collection system. In general, the following
assumptions were used for determining the future ADWF for buildout:

e The number of planned residential (SF and MF) units were provided by the City. The unit
flow per dwelling unit presented in Table 4.9 were applied to each planned development
based on the number of SF and/or MF units proposed.

e Projected wastewater flows for planned commercial developments were based on the
acres associated with theplanned development and the wastewater flow factors
(gpd/acre) presented in Table 4.8.

e The future wastewater flows for the planned developments, vacant infill, and
densification were allocated in the model as point loads based onthe location of the
planned development/parcels, thelocation of existing sewers, and the topography of
the area.

e Projected wastewater flows for ADU’s were based on a MF residential unit flow rate of
118 gpd/ADU. Because it is impossible to know where the ADUs will be constructed, the
total projected flows for ADUs were evenly distributed throughout the model among
the existing SF residential parcels.

Table 4.9 summarizes the existing and projected ADWF for the study area, based on the
methodology and assumptions stated above. As shown, the City's wastewater flow is expected
toincrease by 25.2 percent at buildout (from 1.1 mgd to 1.47 mgd).

Table4.9  Projected ADWF Summary

Flow Component | Wastewater Flow (mgd)
Existing 1.10
Future
Planned Developments 0.05
Vacant 0.05
Underdeveloped 0.08
Densification 0.20
ADU's 0.02
Total at Buildout 1.47

4.4.4.2 Peak Wet Weather Flow

The PWWF is the highest observed hourly flow that occurs following the design storm event
(discussed in Chapter 3). Wet weather I/, which occurs during and after rainfall events, increases
flows in the collection system. The City's collection system was evaluated based on its capacity
to convey the PWWF.

The existing PWWF was derived based on the hydraulic modeling results. This was accomplished
by applying the 10-year, 24-hour design storm to the hydraulic model, which was calibrated to
both dry weather and wet weather conditions. The 10-year, 24-hourdesign storm volume is
approximately 3.52 inches, although may vary slightly depending on the specific location within
the study area.
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Similar to the existing PWWF, the future (buildout) PWWF was derived by applying a 10-year,
24-hourdesign storm to the hydraulic model under future conditions. A peak I/l rate of

500 gpd/ac was assumed for future developments and vacant infill. Redevelopment areas and
ADU's are not expected to contributeto future I/I.

Table 4.10 presents a summary of the existing and buildout ADWF and PWWFs as well as the
PWWEF peaking factors. The PWWFs presented in Table 4.10 assume there are no capacity
constraints in the collection system. This is essentially the PWWF after therecommended
improvements are constructed. Without the recommended improvements, the PWWF at the
outfall would be less (dueto backwater and SSO's). As shown in Table 4.10, the existing PWWF
to ADWF peaking factor decreases from 13.83 t010.70 for buildout.

Table4.10 Projected Wastewater Flow Summary

Projected Wastewater Flow (mgd)®

PWWF to ADWF
Peaking Factor
Existing 1.10 15.21 13.83
Buildout 1.47 1573 10.70
Notes:

(1) Doesnot include flows from the City of Hercules.

(2) Model simulated, system-wide peak hourly flow for entire study area.

(3) Modeled average dry weather loads. ADWF loads were adjusted during calibration to closely match all flow meter
locations. The resulting final modeled ADWF is slightly higher than the calculated and measured ADWF from the flow
monitoring program.
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Chapter 5
WASTEWATER COLLECTIONSYSTEM FACILITIES

AND HYDRAULIC MODEL

This chapter describes the construction and calibration of the City’s sewer collection system
hydraulic model. It provides a description of the hydraulic model development process, including
a summary of the modeling software selection, a description of the modeled collection system,
the hydraulic model elements, the model creation process, and the model calibration process.

5.1 Collection System Facilities

The City’s collection system consists of gravity sewers, pump stations, and associated force
mains that collect and convey wastewater to the Pinole-Hercules WPCP, which is located on
Tennent Avenue, south of the San Pablo Bay and north of Highway 80. The City’s wastewater
collection system consists of approximately 50 miles of gravity sewers, over 1,300 manholes, two
pump stations, and approximately 807 linear feet of force mains accordingto the City’s AutoCAD
files. Pinole-Hercules WPCP provides wastewater treatment to the Cities of Pinole and Hercules.
The WCPC is owned and operated by the City. Figure 5.1 presents the City’s existing collection
system.

5.1.1 Gravity Collection System

The City’s gravity collection system is comprised of roughly 50 miles of gravity pipe up to

36 inches in diameter and over 1,300 manholes. Table 5.1 presents a summary of the existing
gravity sewers, by diameter. As shown in Table 5.1, roughly 89 percent of the system is 8-inches
in diameter and smaller, with the majority of the system (roughly 54 percent) being 8-inches in
diameter.

Table5.1  Collection System Gravity Pipeline Diameter Summary

24 0.0 <0.1 percent

30 0.2 0.5

36 <0.01 <0.1 percent
Total 49.4 --

Notes:
(1) Includes all gravity pipes in the City’s Model database within the study area.
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Figure 5.1 Existing Collection System
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5.1.2 Pump Stations and Force Mains

The City operates and maintains two wastewater pump stations throughout the City. Figure 5.2
shows thelocations of each pump station and the area that it serves. A brief summary of each
pump station is presented below:

e SanPablo: The San Pablo pump station is located on San Pablo Avenue east of
Meadow Avenue and west of Sunnyview Drive. The pump station consists of a 6-foot
diameter, 14-feet deep wet well with two 300 gallons per minute (gpm) submersible
pumps. The San Pablo Pump Station conveys raw wastewater east via a 6-inch diameter
force main approximately 625feet until it discharges into the 8-inch gravity main on San
Pablo Avenue west of Rodgers Way.

e Hazel: The Hazel pump station is located between Hazel Street and Sunnyview Drive.
The pump station consists of a 8-feet by 4-feet cubical wet well thatis 11-feet with two
405gpm submersible pumps. The Hazel pump station conveys raw wastewater via a
6-inch diameter force main approximately 940 feet until it discharges into a 8-inch
diameter sewer main downstream between Alfred Drive and Pinon Avenue.

5.2 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 and can also be used
to perform “what if” scenarios to assess theimpacts of future developments and land use
changes. The City’s collection system hydraulic model was constructed using a multi-step
process utilizing data from various sources. This section summarizes the hydraulic model
development process, includinga summary of the modeling software selection, a description of
the modeled collection system, the hydraulic elements, and the model calibration process.

5.2.1 Hydraulic Modeling Software

There are several software applications for network analysis with a variety of capabilities and
features. The selection of a particular model is generally dependent upon user preference, the
requirements of the particular collection system, and the cost associated with the software.

InfoSWMM®, developed by Innovyze (formerly MWH Soft), was selected as the software
platform for the development of the City’s hydraulic model. The hydraulic modeling engine for
InfoSWMM® uses the Environmental Protection Agency's (EPA’s) 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.

InfoSWMM® consists of multiple componentsthat work together to bring a graphical approach
to the analysis and design of wastewater and stormwater collection systems. The program
includes seamless integration with geographic information system (GIS) data.

Iy
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5.2.2 Elements of the Hydraulic Model

The following provides an overview of the elements of the City’s hydraulic wastewater collection
system model and therequired 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 junctionsin the hydraulic model.
Required inputsfor junctionsinclude rim elevation, invert elevation, and surcharge
depth (used torepresent 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: Forsewer system modeling, storage nodes typically are used to

represent lift station wet wells (although other storage basins would be modeled as

storage nodes). Input parameters for storage nodes include bottom elevation, maximum
depth, and cross sectional area.

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 or

the headworks at a wastewater treatment plant. Required input parameters include
ground elevation, outfall type (freefall, fixed head, etc.).

Inflows: The following are the two types of wastewater flow sources that can be applied

at individual model junctions (and storage nodes):

- External. External inflows can represent any number of sources entering the
collection system, such as metered flow data or groundwater infiltration. External
inflows are applied to a specific model junction by applying a baseline flow value and
a pattern that varies theflow by hour, day, or month of the year. This option was
used to simulate future inflow/infiltration.

- DryWeather. Dry weather inflows simulate base sanitary wastewater flows and
represent theaverage 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.

5.2.3 Hydraulic Model Construction

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

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

e Step1l: The City'sdrawings and GIS shapefiles for the sewer collection system were
obtained.

|/ .
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e Step2: The GIS data was reviewed and formatted to allow easy importinto the
InfoSWMM® modeling platform. The City’s collection system alignment and manhole
placement were imported into the modeling software.

e Step3: A majority of the physical and operational data for the City's wastewater collection
facilities was not available from the City's original base GIS data. Data, such as pipeline
inverts, wet well dimensions, pump stations, and other special features, were input
manually into themodel based on additional sources. In addition, discrepancies with
pipeline alignment and junction placement were reviewed and manually input or modified
based on City records, field reconnaissance, and engineering judgment.

e Step4: 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 and
size of the modeled pipelines were logical. Additionally, the modeled lift stations were also
checked to verify that they operated correctly.

e Step5: Dry weather wastewater flows were then allocated tothe appropriate model
junctions. These flows were scaled, as necessary, to matchthe DWFs recorded during the
flow monitoring period.

e Step6: 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, timesteps, 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.

5.2.4 Wastewater Load Allocation

Determining the quantity of base wastewater flows generated by a municipality and how they
are distributed throughout the collection system is a critical component of the hydraulic
modeling process.

Various techniques can be used to assign wastewater flows toindividual 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 water billing data provided by the City, as well as the flow data from
the 2014 temporary flow monitoring program. The following steps outline the wastewater load
allocation process:

e Step1l: Each parcel within the City’s service area was assigned a modeled manhole ID.
The water billing data provided by the City was joined to the associated parcel in GIS.

e Step2: Each parcel within the City's sewer service area was then assigned a modeled
manhole ID. At the end each parcel has a water consumption amount, land use type,
area in acres, and a model junction assigned toit.

e Step3: The water consumption was added for each model manhole ID and allocated in
the model.

e Step4: Once the existing wastewater flows were allocated intothe model, they were
adjusted as needed during model calibration to closely match the dry weather flows
recorded during the flow monitoring program.
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5.3 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. This section summarizes the overall methodology employed to calibrate the
City’'s wastewater collection system hydraulic model and the calibration results, including a
detailed description of each of the major components of the model calibration process.

For this project, both dry and wet weather flow monitoring were conducted during three phases
along a 2 month period starting in January 2014 and ending in March 2014. DWF calibration
ensures an accurate depiction of base wastewater flow generated withinthe studyarea. The
WWF calibration consists of calibrating the hydraulic model to a specific storm event or events to
accurately simulate the peak and volume of I/l into the sewer system. The amount of I/l is
essentially thedifference between the WWF and DWF components.

5.3.1 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:

e DryWeather 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
tothe shape, the flow hydrographs should also meet the following criteria as a general
guide:

- The timing of flow peaks and troughs should be within 1 hour.

- The peak flow rate should be within therange 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.

e Wet Weather Calibration Standards: The model simulated flows should be compared
to the field measured flows. The flow hydrographs for both events should closely follow
each other in both shape and magnitude, until the flow has substantially returned to
DWEF rates. In addition to the shape, theflow hydrographs should also meet the
following criteria as a general guide:

- Thetiming of the peaks and troughs should be similar with regard totheduration of
the events.

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

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

|/ .
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5.3.2 Dry Weather Flow Calibration

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

e Divide the systemintoareas tributary to eachflowmeter. The first step inthe
calibration process was to divide the City into flowmeter tributary areas, one for each
flow monitoring site. A map showing the locations of each flow monitoring site and their
associated tributary area are provided in Chapter 4 along with a schematic of the
flowmeters.

e 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 (described in
Section 5.2.3).

e Creatediurnal patterns tomatch the temporal distribution of flow. A diurnal curve is
a pattern of hourly multipliers that are applied tothe base flow to simulate the variation
in flow that occurs throughout the day. Two diurnal curves were developed 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 matched thefield measured flows as closely as possible. Figure 5.2
shows the calibrated weekday and weekend diurnal pattern for thearea tributary to
Site M5. Additional diurnal patterns were developed for all flowmeter tributaries. These
diurnal patterns are found on the DWF calibration sheets that are included in

Appendix B.
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Figure5.2  Example Weekday and Weekend ADWF Diurnal Patterns (Site M5)

e 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

- Iy
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flow depth. Adjustments were made to various model parameters untilthe 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 buildup
in the pipe, although other parameters can also be adjusted as calibration results are
generated.

Manning’s roughness coefficients, or nvalues, 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 canresult in roughness coefficients that differ from thetypical range.
For example, pipeline bellies, joint misalignment, cracks, and debris (e.g., root
intrusion, etc.) lead toincreased turbulence in a pipe, as well as the apparent
Manning’s n factor.

If the model is unable to reasonably match thefield 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 caninclude errors inthe slope or
diameter of a pipeline, downstream blockages, pipeline sags, and, in some cases,
influences from downstream pump station operations.

Figure 5.3 is an example DWF calibration sheet for flowmeter Site M5. Calibration sheets provide
plotsand tables that compare model results and the field measured flow, velocity, and level for
during the calibration period. Appendix B contains detailed DWF calibrations sheets for all meter
locations. As shown in Appendix B, all of the model simulated average flows for weekday and
weekend DWF were all within 10 percent.

Overall, the hydraulic model met the established dry weather calibration standards. Some areas
require further investigation. Overall, the model accurately simulates DWF, and the sites that did

not had little impact onthe model's overall accuracy. For these reasons the mode is considered
calibrated for DWF conditions.
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Fri. 0.02 0.04 0.02 0.04
Sat. 0.02 0.04 0.02 0.04
Sun. 0.02 0.04 0.02 0.04

Avg. Peak
Flow Flow
(%) (%)
-1% -1%
-1% -1%
-1% -1%
-1% -1%
-1% -1%
-1% 0%
-1% 0%

Summary
WEELGEW

Weekend
ADWF®

Notes:

1. Source: V&A Temporary Flow Monitoring Program
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Figure 5.3  Example DWF Calibration Sheet (Site M5)
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5.3.3 Wet Weather Flow Calibration

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

Short Term
Hydrograph

Identify calibration rainfall events. Forthis project, the WWF calibration process
consists of running model simulations of a historic rainfall event. The goal of any WWF
calibration is to capture and characterize a system'’s response to a significant rainfall
event, preferably during wet antecedent moisture conditions. During thetemporary
flow monitoring program, one major storm event was captured on March 21-22,2018.
This storm event was used for wet weather calibration.

Define RDII tributary areas. Forthe WWF calibration, RDII flows are superimposed on
top of the DWF. The model calculates RDII by assigning “"RDII Inflows” to each node in
the model. RDIl 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. The tributary area provides a means to transform hourly rainfall depth
from the rainfall hyetographs into a rainfall volume. The rainfall volume is transformed
into actual RDII flows using the unit hydrograph, as described in the next step.

Create |/l parameter database and modify to match field measured flows. The main
step in the WWF calibration process involved creating a custom unit hydrograph for the
study area using the "RTK Method,” which is widely used in collection system master
planning. Using the RTK Method, the RDIl unit hydrograph is the summation of three
separate triangular hydrographs (short term, medium term, and long term), which are
each defined by three parameters: R, T, and K. R represents the fraction of rainfall over
the sewer basin that enters the collection system; T represents thetime to peak of the of
the hydrograph; and K represents the ratio of time to recession to the timeto peak.
Therefore, there are atotal of nine separate variables associated with a unit hydrograph.
Figure 5.4 shows the shape of an example unit hydrograph.

Total RDII Hydrograph

Medium Term
Hydrograph

Long Term
Hydrograph

|
*—T,«‘ T, K, ’*

T, i T,K; |

T3 T3 K3 1

Figure5.4 ExampleRDII Unit Hydrograph
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The hydrograph utilizesthe R-values (percent of rainfall that enters the collection system)
calculated for each basin to simulate I/I. The nine variables in each unit hydrograph were initially
set based on engineering judgment and then adjusted until the model simulated flows (both
peak flows and average flows) matched closely with the field measured flows.

As with the dry weather calibration, the wet weather calibration process compared the
measured flow data with the model output. Comparisons were made for average and peak flows
as well as the temporal distribution of flow until flows returned to their baseline levels.

Figure 5.5 is an example WWEF calibration sheet for flowmeter site M15. The WWF calibration
sheets show figures comparing the measured data and model results for flow, velocity, and level
in response torainfall. The WWF calibrations sheets for all sites are provided in Appendix C.
There is good correlation between the model-simulated flows and the flows that were measured
at each meter location. Overall, the model accurately simulated the effects of wet weather
events, and was considered calibrated and ready to use for capacity analysis purposes.

5.3.4 Collection System Hydraulic Model Calibration Summary

In summary, the calibration results indicate the model predicts conditions similar to those
observed inthe field. Within a few isolated areas of the model, there are some very minor
discrepancies, butthe overall collection system is very well represented inthe model.

Based onthe results presented in this chapter, it can be concluded that the model is calibrated to
DWF and WWF conditions. The model provides an accurate representation of the City’s
wastewater collection system to a level suitable for this Master Plan and for the City’s future
hydraulic modeling needs.
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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.

6.1 Capacity Evaluation

Following the dry and wet weather flow calibration, which is summarized in detail in Chapter 5, a
capacity analysis of the existing and future collection system was performed. The capacity
analysis entailed identifying areas in the sewer system where flow restrictions occuror where
pipe capacity is insufficient to convey PWWFs. Sewers that lack sufficient capacity to convey
PWWFs create bottlenecks in the collection system that can potentially cause SSOs. The sewer
system was evaluated based on planning criteria presented in Chapter 3.

This section discusses the locations of current and projected hydraulic deficiencies resulting from
flows exceeding the maximum allowable flow depth criteria.

6.1.1 Existing System

For the existing sewer collection system, the PWWF was routed through the hydraulic model.
Pipelines where the maximum HGL reached within 3-feet of the upstream manhole rim, were
identified. The existing deficiencies are shown onFigure 6.1. There were some areas that
exhibited backwater conditionsat PWWF. These are indicated in green on Figure 6.1. Replacing
a capacity limited (bottleneck) sewer will allow for higher peak flows to be carried to
downstream sewers. Insome cases, this increase in peak flow overwhelms the downstream
sewers, which creates additional deficiencies. The two lift stationsthat did not have the firm
capacity to convey PWWF. These are indicated in orange on Figure 6.1.

Following the completion of the existing system analysis, improvement projects were identified
in order to mitigate existing pipeline capacity deficiencies. The recommended improvement
projects are discussed in greater detail in Section 6.2. In accordance with the established
planning criteria, new sewer pipelines were sized such that the maximum flow d/D did not
exceed the values summarized in Chapter 3.

6.1.2 FutureSystem

The analysis of the future (buildout) system was performed in a manner similar to the existing
system analysis. The purpose of the future system evaluation is to verify that the existing system
improvements were appropriately sized to convey future peak flows, and to identify the
locations of sewers that are adequately sized to convey existing peak flows, but cannot convey
future peak flows. The buildout planning period includes the complete buildout of the study
area, including full capacity of all planned developments. There were no new deficiencies
identified based on the future system evaluation.
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6.2 Collection System Improvements

Based on the hydraulic analysis the significant contribution of I/l in the City’s collection system
has created multiple capacity deficiencies. The improvements to mitigate the capacity
deficiencies are all listed in the following sections of this report, however mitigating the
deficiencies through pipeline upgrades in the planning horizon of this report are not financially
feasible for the City at this time. A programmatic approach to address I/l as well as pipeline
condition, while still addressing some of the most pressing capacity constraints is included in this
Master Plan in the near term.

6.2.1 Programmatic Recommendations

In addition to developing capacity improvements to mitigate existing and anticipated future
deficiencies, the following projects are also recommended:

e RR-2 (Pipe Rehabilitation and Replacement Program): This is an annual program to
rehabilitate or replace aging pipes or pipes with poor condition. The results of the City’s
closed-circuit television (CCTV) inspection program should be used to identify the pipes
most in need of rehabilitation and replacement. Additionally, a long-term risk
assessment should be completed to identify long term rehabilitation and replacement
projects and funding needs. It is also recommended that gravity pipes less than 8 inches
in diameter be replaced with 8-inch pipe. The length/total cost recommended in the CIP
is an estimate. Once the City completes the CCTV inspection and has a better idea of the
condition of the collection system, the length/total cost should be adjusted as needed.

e RR-3(Inflow Identification Program): The 2014 flow monitoring program revealed
several subbasins within the collection system that exhibited higher rates of inflow. This
project includes smoke testing and/or nighttime CCTV and/or field reconnaissance to
identify potential sources of inflow. The City should take action if illicit connections to
the sewer are found. Figure 6.3 shows the basins that should be targeted first for inflow
identification.

e O-1(Sewer Master Plan Update): It is recommended that the City updates their Master
Plan every 5 years to re-evaluate the wastewater collection system.

e 0O-2 (Flow Monitoring Program): It is recommended that the City conduct a flow
monitoring program every 5 years to aid with the Master Plan (O-1). It is assumed that
each program will consist of 15 flow meters for a 1-month period. Flow monitoring
should be timed to capture at least one major storm event, preferably following wet
ground conditions.

6.2.2 Capacity Improvements

Figure 6.3 illustrates the proposed sewer improvements required to correct existing deficiencies
and to serve future users. When an increase to capacity is required, existing sewers can be
upgraded or a parallel or relief sewer can be constructed. For the purposes of this study, unless
otherwise stated, it was assumed that capacity deficient sewers would be upgraded to a larger
diameter. The upgraded pipeline generally followed the same alignment as the existing pipeline.

The proposed existing improvements are sized for buildout conditions. As the City continues to
grow, it is recommended that the proposed pipeline diameters be constructed so that the
facilities have sufficient capacity for buildout conditions. The proposed pipe diameter represents
the ultimate diameter for anticipated buildout conditions.
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6.2.3 Existing versus Future Improvements

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 exclusively correct an
existing deficiency, then existing users would be assigned 100 percent of the project’s benefit,
and therefore, 100 percent of the costs, however this Master Plan did not identify any projects
needed to serve exclusively future growth.

Other recommended improvements could serve future users. In these cases, an existing sewer or
pump 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 are classified as future improvements. Future users would be 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. More information on the breakdown

in cost split between existing and future users and whether a proposed improvement is intended to

correct an existing deficiency, to serve a future user, or both, is provided in Chapter 7.
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6.2.4 Capacity Improvements

Following the completion of the existing and future system analysis, improvement projects were
identified to mitigate pipeline capacity deficiencies while maintaining the maximum flow depth
criteria outlined in Chapter 3. The proposed improvements to address existing and future
deficiencies are shown on Figure 6.2 and are summarized below.

Pinon-1: This project includes the replacement of approximately 1,050 feet of 8-inch
diameter pipeline along San Pablo Avenue, approximately 740 feet of 8-inch diameter
pipeline along Roble Avenue, approximately 1,500 feet of 8-inch to 10-inch diameter
pipeline along Pinon Avenue, approximately 520 feet of 12-inch diameter pipeline
between Pinon Avenue and Orleans Avenue and approximately 1,160 feet of 8-inch to
15-inch diameter pipeline along Orleans Avenue. The surcharging of the gravity sewer
cause SSO’s under PWWF conditions. To mitigate SSO’s occurring during PWWF
conditions, it is recommended that the existing pipeline be replaced with pipelines ranging
in size from 12-inch to 24-inch diameter pipeline.

Pinon-2: This project includes the replacement of approximately 820 feet of 6-inch to
10-inch diameter pipeline along San Pablo Avenue, approximately 680 feet of 8-inch to
10-inch diameter pipeline along Pinon Avenue, approximately 890 feet of 6-inch to 8-inch
diameter pipeline along Appian Way, approximately 290 feet of 6-inch diameter pipeline
along Meadow Avenue, and approximately 290 feet of 6-inch diameter pipeline between
Meadow Avenue and San Pablo Avenue. The surcharging of the gravity sewer cause
SSO’s under PWWEF conditions. To mitigate SSO's occurring during PWWF conditions, it is
recommended that the existing pipeline be replaced with pipelines ranging in size from
10-inch to 15-inch diameter pipeline.

Tennent-1: This project includes the replacement of approximately 130 feet of 24-inch
diameter pipeline, 1,250 feet of 30-inch diameter pipeline, and approximately 10 feet of
36-inch diameter pipeline along Tennent Avenue and inside of the WPCP. The surcharging
of the gravity sewer cause SSO’s upstream under PWWF conditions. To mitigate the risk
of SSO's occurring during PWWF conditions, it is recommended that the existing pipeline
be replaced with pipelines ranging in size from 36-inch to 42-inch diameter pipeline.
Tennent-2: This project includes the replacement of approximately 3,360 feet of 18-inch
diameter pipeline along Tennent Avenue. The surcharging of the gravity sewer cause
SSO’s under PWWEF conditions. To mitigate the risk of SSO’s occurring during PWWF
conditions, it is recommended that the existing pipeline be replaced with pipelines ranging
in size from 24-inch to 36-inch diameter pipeline.

PVR-1: This project includes the replacement of approximately 1,130 feet of 6-inch to
10-inch diameter pipeline along Pinole Valley Road, approximately 1,830 feet of 8-inch
diameter pipeline along Pinole Valley Creek, and approximately 530 feet of 12-inch
diameter pipeline along Orleans Drive. The surcharging of the gravity sewer cause

SSO’s under PWWF conditions. To mitigate SSO’s occurring during PWWF conditions, it is
recommended that the existing pipeline be replaced with 15-inch diameter pipeline.
PVR-2: This project includes the replacement of approximately 1,030 feet of 15-inch
diameter pipeline and approximately 970 feet of 18-inch diameter pipeline along Pinole
Valley Road. The surcharging of the gravity sewer cause SSO's under PWWF conditions.
To mitigate SSO’s occurring during PWWEF conditions, it is recommended that the existing
pipeline be replaced with 24-inch diameter pipeline.
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e South-1: This project includes the replacement of approximately 1,400 feet of 15-inch
diameter pipeline along Pinole Valley Road, approximately 250 feet of 8-inch diameter
pipeline along Sarah Drive, approximately 210 feet of 8-inch diameter pipeline along
Shea Drive, and approximately 220 feet of 10-inch diameter pipeline between Shea
Drive and Pinole Valley Road. The surcharging of the gravity sewer cause SSO’s under
PWWEF conditions. To mitigate SSO's occurring during PWWF conditions, it is
recommended that the existing pipeline be replaced with pipelines ranging in size from
15-inch to 21-inch diameter pipeline. This project should be re-evaluated once the
2021 flow monitoring program has confirmed the flows in the pipes.

e South-2: This project includes the replacement of approximately 1,090 feet of 15-inch
diameter pipeline along Pinole Valley Road. The flow levels of the gravity sewer cause
upstream manholes to surcharge within 3 feet of the manhole rim under PWWF
conditions. To mitigate the risk of SSO occurring during PWWF conditions, it is
recommended that the existing pipeline be replaced with pipelines ranging in size from
18-inch to 21-inch diameter pipeline. This project should be re-evaluated once the
2021 flow monitoring program has confirmed the flows in the pipes.

e South-3: This project includes the replacement of approximately 320 feet of 8-inch
diameter pipeline along Simas Avenue and approximately 1,820 feet of 12-inch to
15-inch diameter pipeline along Pinole Valley Road. The flow levels of the gravity sewer
cause upstream manholes to surcharge within 3 feet of the manhole rim under PWWF
conditions. To mitigate the risk of SSO occurring during PWWF conditions, it is
recommended that the existing pipeline be replaced with pipelines ranging in size from
15-inch to 21-inch diameter pipeline. This project should be re-evaluated once the
2021 flow monitoring program has confirmed the flows in the pipes.

e South-4: This project includes the replacement of approximately 2,500 feet of 10-inch
to 12-inch diameter pipeline along Pinole Valley Road. The surcharging of the gravity
sewer cause SSO's under PWWF conditions. To mitigate SSO’s occurring during PWWF
conditions, it is recommended that the existing pipeline be replaced with 15-inch
diameter pipeline. This project should be re-evaluated once the 2021 flow monitoring
program has confirmed the flows in the pipes.

e South-5: This project includes the replacement of approximately 980 feet of 8-inch to
10-inch diameter pipeline along Pinole Valley Road, approximately 290 feet of 8-inch
diameter pipeline along Doidge Avenue and approximately 260 feet of 8-inch pipeline
along Wright Avenue. The surcharging of the gravity sewer cause SSO’s under PWWF
conditions. To mitigate SSO'’s occurring during PWWF conditions, it is recommended
that the existing pipeline be replaced with pipelines ranging in size from 10-inch to
15-inch diameter pipeline. This project should be re-evaluated once the 2021 flow
monitoring program has confirmed the flows in the pipes.

e Summit-1: This project includes the replacement of approximately 410 feet of 6-inch
diameter pipeline along Summit Drive. The flow levels of the gravity sewer cause
upstream manholes to surcharge within 3 feet of the manhole rim under PWWF
conditions. To mitigate the risk of SSO occurring during PWWF conditions, it is
recommended that the existing pipeline be replaced with 10-inch diameter pipeline.

|/ .
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Hazel-1: This project includes the replacement of the existing lift station. The existing
influent flow exceeds the existing firm pumping capacity under PWWF conditions. To
mitigate the risk of a SSO occurring during PWWEF conditions, it is recommended that
the new lift station have a firm pumping capacity of 0.831 mgd.

San Pablo-1: This project includes the replacement of the existing lift station. The
existing influent flow exceeds the existing firm pumping capacity under PWWF
conditions. To mitigate the risk of a SSO occurring during PWWF conditions, it is
recommended that the new lift station have a firm pumping capacity of 1.38 mgd.

San Pablo-2: The purpose of this project is to mitigate the high velocity (> 8 fps) that the
existing forcemain experiences following San Pablo Lift Station under future conditions.
It is recommended that an 8-inch diameter forcemain be constructed to replace the
existing 6-inch diameter forcemain.
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Chapter 7
CAPITAL IMPROVEMENT PROGRAM

This chapter presents the City’s wastewater collection system CIP and a summary of the capital
costs. This chapter is organized to assist the City in making financial decisions. The CIP is based
on the evaluation of the City’s wastewater collection system, as described in Chapter 6.

7.1 Capital Improvement Project Costs

The capacity upgrades and other system capital improvements set the foundation of the City's
wastewater collection system CIP. The cost estimates presented in this study are opinions
developed from bid tabulations, cost curves, information obtained from previous studies, and
Carollo’s experience on other projects. The costs are based on an Engineering News Record
Construction Cost Index (ENR CCl) of 14,452 (San Francisco, October 2021).

7.2 Cost Estimating Accuracy

The cost estimates presented in the CIPs 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. The following sections present the
assumptions used in developing order of magnitude cost estimates for recommended facilities.

7.3 Construction Unit Costs

The construction costs are representative of wastewater collection system facilities under
normal construction conditions and schedules. Costs have been estimated for public works
construction.

7.3.1 Gravity Sewer Replacement (Open Cut) Unit Costs

Sewer pipeline improvements range in size from 8 inches to 42 inches in diameter in this study.
Unit costs for the construction of pipelines and appurtenances (e.g., manholes) are shown in
Table 7.1. The construction cost estimates are based upon these unit costs. The gravity pipeline
unit costs are based on an open cut construction method and assume “typical” field conditions
with construction in stable soil at a depth ranging between 10 feet to 15 feet. The unit costs were
developed based on Carollo’s cost database and experience on other projects.
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Table7.1  Gravity Pipeline Unit Costs

Pipe Size (inches) Replacement Unit Construction Cost® ($/linear foot)
8 $220
10 $275
12 $320
15 $405
18 $480
21 $535
24 $620
27 $710
30 $810
33 $870
36 $930
42 $1,045

Notes:
(1) ENR CCI(SF) for October 2021 is 14,452.

7.3.2 Lift Station Unit Costs

Costs associated with the lift station capacity improvements and forcemain, as well as other
miscellaneous projects, were compiled based on Carollo’s cost database and past experience on
similar projects, and are shown in Table 7.2.

Table 7.2 Forcemain Unit Costs

Pipe Size (inches) Replacement Unit Construction Cost® ($/linear foot)
6 $185
8 $185
12 $205

Notes:
(1) ENR CCI (SF) for October 2021 is 14,452.

7.4 Project Costs and Contingency

Project cost estimates are calculated based on elements, such as the project location, size,
length, and other factors. Allowances for project contingencies consistent with an “"Order of
Magnitude” estimate are also included in the project costs prepared as part of this study, as
outlined in this section.

7.4.1 Baseline Construction Costs

Baseline Construction Cost is the total estimated construction cost, in dollars, of the proposed
improvements for pipelines. Baseline Construction Costs were calculated by multiplying the
estimated length by the unit construction cost listed in Table 7.1.

7.4.2 Estimated Construction Cost

Contingency costs must be reviewed on a case-by-case basis because they will vary considerably
with each project. Consequently, it is appropriate to allow for uncertainties associated with the
preliminary layout of a project. Factors such as unexpected construction conditions, the need for
unforeseen mechanical items, and variations in final quantities are a few of the items that can

- oy
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increase project costs for which it is wise to make allowances in preliminary estimates. To assist
the City in making financial decisions for these future construction projects, contingency costs
will be added to the planning budget as percentages of the baseline construction cost.

Since knowledge about site-specific conditions of each proposed project is limited at the master
planning stage, a 30 percent contingency was applied to the Baseline Construction Cost to
account for unforeseen events and unknown conditions.

7.4.3 Capital Improvement Cost

Other project construction contingency costs include costs associated with construction
management, bid climate, environmental and legal costs, and engineering services.

Construction management services covers items such as materials testing, and inspection during
construction. Bid climate contingency covers any major fluctuations in the availability and cost of
construction materials. Environmental and legal costs cover items such as legal fees,
environmental compliance requirements, financing expenses, administrative costs, and interest
during construction. Finally, there are engineering services costs associated with new facilities
include preliminary investigation and reports, Right of Way (ROW) acquisition, foundation
explorations, preparation of drawings and specifications during construction, surveying and
staking, sampling of testing material, and start-up services.

The cost of these items can vary, but for the purpose of this study, it is assumed that the other
project contingency costs will equal approximately 27.5 percent of the Estimated Construction
Cost. Additionally, a bid market contingency of 15 percent is also applied to the estimated
construction cost to account for the rapidly changing bid climate.

As shown in the following sample calculation of the Capital Improvement Cost, the total cost of
all project construction contingencies (construction, construction management, bid climate,
environmental and legal and engineering services) is approximately 185 percent of the Baseline
Construction Cost. Note that contingencies were not applied to land acquisition costs.
Calculation of the 185 percent is the overall mark-up on the Baseline Construction Cost to arrive
at the Capital Improvement Cost. It is not an additional contingency.

Example:

Baseline Construction Cost $1,000,000
Contingency (30 percent) $300,000
Estimated Construction Cost $1,300,000
Construction Management (10 percent) $130,000
Bid Climate Contingency (15 percent) $195,000
Environmental and Legal Costs (7.5 percent) $97,500
Engineering Services (10 percent) $130,000
Capital Improvement Cost $1,852,500

7.5 Capital Improvement Program Implementation

As discussed in Chapter 6, the capital projects identified will allow the City to provide reliable
service to its customers through buildout. The improvement projects were prioritized based on
the following factors:

e Reducing the risk of SSOs in the collection system under PWWF conditions.
e The type and extent of the deficiency.
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Based on these factors, each project was assigned an implementation year. The capital
improvements were grouped into one of the following phases:

e Near Term Phase 1 (5 to 7 years): This phase includes projects that are targeted as the
highest priority improvements.

e Near Term Phase 2 (8 to 12 years): This phase includes projects that are targeted as
high priority improvements that may be mitigated or monitored for several years prior
to being implemented.

e Long Term (13 to 20 years): This phase generally includes medium priority
improvements or projects that eliminate SSO's.

Critical projects were phased in the earlier phases (years) of the 20-year CIP. Less critical projects
were phased into later phases of the 20-year CIP.

A summary of the capital projects is presented in Table 7.2. This table identifies the projects,
provides a brief description of each project, identifies facility sizes (e.g., pipe diameter and
length), and provides capital improvement costs. The columns used in Table 7.2 refer to the
following:

e Project Number: Assigned project number. This is an alphanumeric number that starts
with a project name that corresponds to the associated trunk and continues with a
number.

e Description: Provides a brief description of the project.

e Existing Size/Type: This is the size of the existing pipeline/facility.

e Proposed Size/Type: This is the size of the proposed improvement.

e Proposed Amount: Estimated length of the proposed improvement (in feet). It should
be noted that the length estimates do not account for re-routing the alignments to
avoid unknown conditions.

e CIP Cost Estimate: This is the total estimated capital cost.

e Existing and Future User Cost Breakdown: This shows the cost allocation between
existing and future users.

e CIP Phasing: This is an estimated improvement project start year.

The projects listed in Table 7.3 are broken down by capacity-related improvements and other
projects. Capacity-related improvements were recommended based on the capacity deficiencies
described in Chapter 6. Other projects include an annual rehabilitation and replacement
program, Master Plan updates (as needed), flow monitoring program (every 5 years), and an
inflow identification program. Detailed capital improvement sheets for each project are included
in Appendix D.

Project phasing shown in Table 7.3 represents the implementation schedule for the proposed
improvements, although funding availability may limit the City’s ability to implement the
proposed projects according to this schedule.

A summary of the capital projects is presented in Table 7.3. This table identifies the projects,
provides a brief description of each project, identifies facility sizes (e.g., pipe diameter and
length), and provides capital improvement costs.

oy
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Table7.3  Capital Improvement Program Summary

City of Pinole
Sewer Master Plan Update

WASTEWATER COLLECTION SYSTEM CAPITAL IMPROVEMENT PLAN SUMMARY

Future
MNumber Project Description ¥ S ity e Proposed Amount in £ ] { (£3]
Ca Related Improvements 3 . 3,864,000 1,186,000
Gravity Mains Diameter (in) Diameter (in) Length (ft) 3 26,556,000 | $ 25504000 | $ 1,052,000

Aty M oS o Or ERns A Existing Flooding 8-15 12-24 4,970 % 4,482,000 | 5 4,339,000 | 143,000

Ry Roble Ave, and San Pablo Ave
Gravity Main along San Pablo Ave, Pinon
Finon-2 oy A\;pian Way,g.‘and it A\:e Existing Flooding 610 10-15 2,970 % 1,866,000 | 5 1,858,000 | 5 8,000

Gravity Main along Tennent Ave and at the

Tennent-z WWTP Existing Flooding 24-36 36-42 1,390 % 2,664,000 | § 2,582,000 | 85 82,000
Tennent-z  Grawvity Miin along Tennent Ave Existing Floodlnq 18 24-36 3,360 % 4,230,000 | S 3.8g5000 | % 34, 4,000
Gravity Main along Pinole Valley Road
PVR- i Existi Floodi 6-12 2~ o s Booo | s o|s 8,000
= Orleans Drive, and Pinole Creek XI=kng HG 1. 12-15 4,020 3,018,00 2,590,00 28,
PVR-2 Gravity Main along Pincle Valley Road Existing Floeding 15-18 24 2,000 < 2,298 000 | S 2122000 | § 176,000
Gravity Main along Pinole Valley Road,
South-1  Sarah Drive, Shea Drive, and between Shea Existing Flooding B-15 15-24 2,080 % 1,975,000 | % 1,836,000 | s 139,000
Drive and Pinole Valley Road
South-2 Gravity Main along Pincle Valley Road Existing WIthth_lFe E_‘t of 15 18-21 1,090 < g7r,o00 | $ 949,000 | § 22,000
mannale rim
Gravity Main along Pincle Valley Road and Within 3-feet of
South-3 e 9 ¥ Existing 3 8-15 15-21 2,140 5 1,807,000 | $ 1,766,000 | % 41,000

Simas Avenue manhole rim

Within 3-feet of

South- Gravity Main along Pinole Valley Road Existin 10-12 1 2,500 % 1,877,000 | % 1,835,000 | s 2,000
4 ity 9 Yy g s Thole sirg 5 5 77, 35, 4

Gravity Main along Pinole Valley Road,

South-g Btidae Sennes ad Mithe Avemiie Existing Flooding 8-10 10-15 1,530 s 1,149,000 | $ 1,228,000 | $ 21,000
Summit-1  Gravity Main along Summit Drive Existing WIEhiiy 3—fee_-t - 6 10 410 % 210,000 | $ 204,000 | $ 6,000
manhole rim
Lift Stations Capacity {mgd) 3 5,232,000 | $ 5,208,000 | $ 124,000
+ x . Exceeds firm
Hazel-1 Hazel Lift Station Replacement Existing Capichy 0.432 0.831 NfA 5 2,153,000 | S 2,144,000 | % g,000
San Pablo-1  San Pablo Lift Station Replacement Existing Exé:s:zi::m 0.5832 1.38 LTS s 3,079,000 | S 2,964,000 | S 115,000
Force Mains Diameter (in) Diameter (in) Length {ft) 5 262000 | % 202000 % 10,000
San Pablo-2  San Pablo Lift Station Forcemain Existing Exceeds maximum 6 3 1,030 3 262,000 | S 202000 | § 10,000
Rehabilitation and Repla % 29,000,000 | % 29,000,000 | $ -
Gravity Mains _ Diarneter (in) Diameter {in) Length {ft) 5 29,000,000 | $ 29,000,000 | $ E
Pipe Rehabilitation and Replacement ) : z
RR-2 - - Varies Varies Varies % 1g,000,000 | $ 19,000,000 | % -
Program
RR- Inflow Identification Program — —- o = i 5 10,000,000 | $ 10,000,000 | § =
Other Projects % boocooo | 8 % 600,000
O-1 Sewer Master Plan Update - -- - - = $ 6oo000 | $ = $ 600,000
O-2 Flow Monitoring Program | = | == | = | s | = 3 = 5 - 5 E
CIP Total L3 61,650,000 | $ 59,864,000 | $ 1,786,000
Annual Cost MNJA MN/A NfA
MNotes:

(1) ENR zo City Average Construction Cost Index for October 2021 is 14,452 (SF).
(2) Estimated Construction Cost includes a 30% contingency of the baseline construction cost.
(3) Total project costs include a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

y Iy
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7.6 Existing Versus Future User Cost Share

A summary of the share of the costs for existing and future users for the proposed
capacity-related improvement projects by phase is summarized in Table 7.4. As shown in

Table 7.3, the existing user's share of the costs is approximately 96 percent ($30.9 million), and
the future user's share of the costs is approximately 4 percent (or $1.2 million) of the proposed
improvements. It is anticipated that existing user costs will be paid through existing user fees,
while future user costs will be paid through connection fees. The future users cost share is small
compared to the existing users share. This is because all of the capacity related improvements
are triggered under existing PWWF conditions. If a project was proposed to exclusively correct
an existing deficiency, then existing users would be assigned 100 percent of the project’s benefit,

and therefore, 100 percent of the costs

Table 7.4 CIP Estimate by Reimbursement Category
Reimbursement Category ‘ CIP Cost Estimate ($, Millions)®
Existing Users $59.7
Future Users $1.8
Total $61.7
Notes:

(1) CIP costs based on assumptions outlined in this Chapter and Table 7.2.

7.7 CIP Summary

A summary of the CIP costs is provided in Table 7.5 and
shown graphically on Figure 7.1. As listed in Table 7.5,
the total recommended improvements is estimated to
be $61.7 million. Near Term Phase 1 (-5 -7 Years)
projects account for approximately 23 percent
($14.35.0 million), Near Term Phase 2 (-8 —12 Years)
projects accounts for approximately 40 percent
($25.36million), and Long-Term (13 — 20 Years) projects
account for approximately 37 percent ($23.44 million).
The other recommended projects (RR-1 through RR-3
and O-1) is estimated to be $0.6 million.

Table7.5  CIP Cost Estimate Summary

Short Term
Phase 1(21%,
$12.84M)

Long Term (38%,

$23.44M)

Short Term
Phase 2 (41%,
$25.36M)

Figure7.1  CIP by Phase

CIP Cost Estimate by Phase ($, Millions)®@®)“)

Improvement Type

(-5to 7 Years)

Capacity-Related

Near Term Phase1 | Near Term Phase 2

—-8-12 Years)

Total

($, Millions)
(=13 to 20 Years)

TS $6.35 $17.71 - $32.1

R&R Projects $6.5 $7.5 $15.0 $29.0

Other Projects - $0.2 $0.5 $0.6

Total $12.85 $25.34 $23.44 $61.7
Notes:

(1) ENR CCI(SF) for October 2021 is 14,452.

(2) Estimated Construction Cost includes a 30 percent contingency of the Baseline Construction Cost.
(3) Total project costs include a 15 percent for bid climate, 10 percent for engineering, 10 percent for construction
management, and 7.5 percent for environmental and legal costs. Total Mark-Up is 185 percent of the Baseline

Construction Costs.
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Appendix A
SEWER INFLOW MONITORING AND

INFLOW/INFILTRATION STUDY
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ABBREVIATIONS, ACRONYMS, UNITS OF
MEASURE, AND TERMS AND DEFINITIONS
USED IN THIS REPORT

Table i. Abbreviations

ADWF
C. of
CO
COOP
d/D
gpd
FM
GWI
H2S
IDM
I/1
LEL
LS
mgd
NOAA
NWS

OSHA

PPE

Q

RDI
QA/QC
RRI
RG
SSO
WEF
WRCC

average dry weather flow

City of...

carbon monoxide

Cooperative Observer Program
depth/diameter ratio

gallons per day

flow monitor

groundwater infiltration
hydrogen sulfide

inch diameter-miles

inflow and infiltration

lower explosive limit

lift station

million gallons per day
National Oceanic and Atmospheric Administration
National Weather Service

U.S. Department of Labor, Occupational Safety
and Health Administration

personal protective equipment
flow rate

rainfall-dependent infiltration
quality assurance/quality control
rainfall-responsive infiltration
rain gauge

sanitary sewer overflow

Water Environment Federation
Western Regional Climate Center
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Average dry
weather flow
(ADWF)

Basin

Depth/diameter
(d/D) ratio

Infiltration and
inflow

Infiltration,
groundwater

Infiltration,
rainfall-dependent

Infiltration,
rainfall-responsive

Inflow

Normalization

Table ii. Terms and Definitions

Average flow rate or pattern from days without noticeable inflow or infiltration
response. ADWF usage patterns for weekdays and weekends differ and must be
computed separately. ADWF can be expressed as a numeric average or as a curve
showing the variation in flow over a day. ADWF includes the influence of normal
groundwater infiltration (not related to a rain event).

Sanitary sewer collection system upstream of a given location (often a flow meter),
including all pipelines, inlets, and appurtenances. Also refers to the ground surface
area near and enclosed by pipelines. A basin may refer to the entire collection
system upstream from a flow meter or exclude separately monitored basins
upstream.

Depth of water in a pipe as a fraction of the pipe’s diameter. A measure of fullness of
the pipe used in capacity analysis.

Infiltration and inflow (I/1) rates are calculated by subtracting the ADWF flow curve

from the instantaneous flow measurements taken during and after a storm event.

Flow in excess of the baseline consists of inflow, rainfall-responsive infiltration, and
rainfall-dependent infiltration. Total I/l is the total sum in gallons of additional flow

attributable to a storm event.

Groundwater infiltration (GWI) is groundwater that enters the collection system
through pipe defects. GWI depends on the depth of the groundwater table above the
pipelines as well as the percentage of the system that is submerged. The variation of
groundwater levels and subsequent groundwater infiltration rates is seasonal by
nature. On a day-to-day basis, groundwater infiltration rates are relatively steady and
will not fluctuate greatly.

Rainfall-dependent infiltration (RDI) is similar to groundwater infiltration but occurs
as a result of storm water. The storm water percolates into the soil, submerges more
of the pipe system, and enters through pipe defects. RDI is the slowest component of
storm-related infiltration and inflow, beginning gradually and often lasting 24 hours
or longer. The response time depends on the soil permeability and saturation levels.

Rainfall-responsive infiltration (RRI) is storm water that enters the collection system
through pipe defects, but normally in sewers constructed close to the ground surface
such as private laterals. RRI is independent of the groundwater table and reaches
defective sewers by way of the pipe trench in which the sewer is constructed;
particularly if the pipe is placed in impermeable soil and bedded and backfilled with
a granular material. In this case, the pipe trench serves as a conduit similar to a
French drain, conveying storm drainage to defective joints and other openings in the
system.

Inflow is defined as water discharged into the sewer system, including private sewer
laterals, from direct connections such as downspouts, yard and area drains, holes in
manhole covers, cross-connections from storm drains, or catch basins. Inflow
creates a peak flow problem in the sewer system and often dictates the required
capacity of downstream pipes and transport facilities to carry these peak
instantaneous flows. Overflows are often attributable to high inflow rates.

To run an “apples-to-apples” comparison amongst different basins, calculated
metrics must be normalized. Individual basins will have different runoff areas, pipe
lengths and sanitary flows. There are three common methods of normalization.
Depending on the information available, one or all methods can be applied to a given
project:
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Normalization,
inflow

Normalization,
GwI

Normalization,
RDI

Normalization,
total I/1

Pipe Length: The metric is divided by the length of pipe in the upstream
basin expressed in units of inch-diameter-mile (IDM).

Basin Area: The metric is divided by the estimated drainage area of the
basin in acres.

ADWEF: The metric is divided by the average dry
weather sanitary flow (ADWF).

The peak I/l flow rate is used to quantify inflow. Although the instantaneous flow
monitoring data will typically show an inflow peak, the inflow response is measured
from the I/1 flow rate (in excess of baseline flow). This removes the effect of sanitary
flow variations and measures only the |/l response:

Pipe Length: The peak I/I flow rate is divided by the length of pipe (IDM) in
the upstream basin. The result is expressed in gallons per day (gpd) per IDM
(gpd/IDM).

Basin Area: The peak I/I flow rate is divided by the geographic area of the
upstream basin. The result is expressed in gpd per acre.

ADWE: The peak I/I flow rate is divided by the average dry weather flow
(ADWF). This is a ratio and is expressed without units.

The estimated GWI rates are compared to acceptable GWI rates, as defined by the
Water Environment Federation, and are used to identify basins with high GWI:

Pipe Length: The GWI flow rate is divided by the length of pipe (IDM) in the
upstream basin. The result is expressed in gallons per day (gpd) per IDM
(gpd/IDM).

Basin Area: The GWI flow rate is divided by the geographic area of the
upstream basin. The result is expressed in gpd per acre.

ADWE: The GWI flow rate is divided by the average dry weather flow (ADWF).
This is a ratio and is expressed without units.

The estimated RDI rates at a period 24 hours or more after the conclusion of a storm
event are used to identify basins with high RDI:

Pipe Length: The RDI flow rate is divided by the length of pipe (IDM) in the
upstream basin. The result is expressed in gallons per day (gpd) per IDM
(gpd/IDM).

Basin Area: The RDI flow rate is divided by the geographic area of the
upstream basin. The result is expressed in gpd per acre.

ADWE: The RDI flow rate is divided by the average dry weather flow (ADWF).
This is a ratio and is expressed without units.

The estimated totalized I/I in gallons attributable to a particular storm event is used

to identify basins with high total I/I. Because this is a totalized value rather than a

rate and can be attributable solely to an individual storm event, the volume of the
storm event is also taken into consideration. This allows for a comparison not only
between basins but also between storm events:

Pipe Length: Total gallons of I/l is divided by the length of pipe (IDM) in the
upstream basin and the rainfall total (inches) of the storm event. The result
is expressed in gallons per IDM per inch-rain.
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® Basin Area (R-Value): Total gallons of I/l is divided by total gallons of rainfall
water that fell within the acreage of the basin area. This is a ratio and is
expressed as a percentage. R-Value is described as “the percentage of
rainfall that enters the collection system.” Systems with R-Values less than
5% are often considered to be performing well.

e ADWE: Total gallons of I/l is divided by the ADWF and the rainfall total of the
storm event. The result is expressed in million gallons per MGD of ADWF per
inch of rain.

Ratio of peak measured flow to average dry weather flow. This ratio expresses the
Peaking factor degree of fluctuation in flow rate over the monitoring period and is used in capacity
analysis.
When the flow level is higher than the crown of the pipe, then the pipeline is said to
Surcharge be in a surcharged condition. The pipeline is surcharged when the d/D ratio is greater
than 1.0.
Weekend,/weekday Thg ratio qf weekgnd ADWFs to weekdqy ADW!:S. _In residentia_l areas, this ratio is
. typically slightly higher than 1.0. In business districts, depending on the type of
ratio . . . L
service, this ratio can be significantly less than 1.0.

1 Keefe, P.N. “Test Basins for |/I Reduction and SSO Elimination.” 1998 WEF Wet Weather Specialty Conference, Cleveland.
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E S EXECUTIVE SUMMARY

V&A Consulting Engineers, Inc. (V&A) has completed sanitary sewer flow monitoring with inflow and
infiltration (I/1) analysis within the City of Pinole (City). Flow monitoring was performed over a period
of approximately 3.5 months from December 13, 2013 to April 1, 2014 at 16 open-channel flow
monitoring sites. The purpose of this study was to identify smaller basins within Area Five and Area
Six having the highest rates of I/I.

To the extent possible given the time constraints of a single wet weather season and the
unpredictable nature regarding the duration and intensity of storm events, V&A attempted to analyze
early season rain events, make a decision on areas with high I/I, and then relocate flow meters
within the same wet weather season. Relocations between rainfall events intended to further narrow
the search for areas of high I/l with an ultimate goal of identifying possible CIP projects in support of
the City’s budgeted pipe lining and replacement program.

During the course of Phase 1 of this study, V&A installed 14 flow meters and 2 volumetric meters
focused within Area Five and Area Six, dividing these areas into 16 sub-basins. For Phase 2, V&A
removed ten Phase 1 meters and redistributed them amongst Basins 3, 5 and 6. A final rain event
allowed for a third phase of this study, in which V&A removed seven Phase 1 and 2 meters and
reinstalled them within sub-basins 3.1, 5.2, 6.3 and 6.5.

The contents of this deliverable summarize the results of the three aforementioned flow monitoring
and I/l phases of this study. Additionally, V&A was asked to analyze and comment on the following
items, which are included in this report as additional Appendices:

Flow Split between M6.0A and M6: As a part of Phase 3, the City asked that the flow split
between Sites M6.0A and M6.3 be monitored and analyzed during average dry weather and
peak wet weather flow conditions.

Allocation of Inflow within the Perimeter of the Treatment Plant: Rain that falls within the
perimeter of the treatment plant flows directly into the treatment facility as waste;
henceforth, there is an associated cost of treatment. The City asked V&A to determine the
volume of inflow that falls within the footprint of the treatment facility.

Treatment Plant Influent Meter: The City has two methods available to measure incoming
flows from the City of Pinole. The City requested that V&A analyze the accuracy and
determine which method is preferred for flow data reliability. This analysis was important for
purposes of billing between the Cities of Pinole and Hercules. V&A dedicated a flow meter to
measure the flow into the treatment plant for comparison to the City meter; the results are
presented within this deliverable as a Technical Memorandum.
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Disclaimer

The following flow monitoring, capacity and I/l results and analyses do not replace a full dynamic
hydraulic model. A dynamic model developed by a master planning engineering firm would
determine capacity on a node-to-node basis and would be based on pipe slopes of the
individual pipe segments within the local collection system. The following data and the
interpretation of these data should be used at the discretion of the City Engineer.

Flow Monitoring and Capacity Results

Table ES-1 summarizes the peak recorded flows, levels, d/D ratios, and peaking factors per site
during the flow monitoring period. Sites that surcharged and sites with peaking factors greater than
10.0 have been shaded in - Capacity analysis data is presented on a site-by-site basis and
represents the hydraulic conditions only at the point site locations. Hydraulic conditions in other
areas of the collection system will differ.

Table ES-1. Capacity Analysis Summary

o HEELS : : Peak Surcharge
Monitoring Measured Peaking Diameter Level Level
Site Flow Factor (inches) (inches) (feet)
(mgd)
Phase 1
Site M1 0.71 3.50 15 8.5 0.57 -
Site M2 1.11 7.20 30 455 | 152 1.3
Site M3 0.07 0.71 n/a n/a n/a -
Site M4 0.13 0.47 . n/a n/a n/a -
SiteM5  0.02 065 | 339 725 107 | 153 03
Site M6 0.18 1.10 6.2 10 823 | 8238 6.0
Site M7 0.36 2.02 5.6 15 11.8 0.78 -
Site M8 0.007 0.03 5.0 7.75 1.3 0.17 -
Site M9 0.004 030 = 675 6 27 045 -
Site M10 0.09 0.41 4.8 8 114 | 143 0.3
SiteM11  0.02 053 | 306 10 51.6 | 516 35
Site M122  0.003 n/a n/a 8 51.6 | 645 3.6
Site M13 0.06 0.21 3.8 6 1.7 0.28 -
Site M14 0.04 0.32 7.7 8 93 | 116 0.1
Site M15 0.02 021 | 141 6 2.6 0.44 -
Site M16 0.09 0.62 7.2 11.5 372 | 828 2.1

Site M12 failed during Storm Event 1; the manhole was surcharged for an extended time period, flooding the flow logging computer.
Enough data was recovered to establish an average dry weather flow but not enough for a proper capacity and I/l analysis. This site and
other sites that comprise the ‘Old Henry Road’ basin are the subject of a future project.
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Monitoring

Site

Phase 2
Site M3.1
Site M3.2
Site M5.1
Site M5.2
Site M5.3
Site M6.1
Site M6.2
Site M6.3
Site M6.4
Site M6.5

Phase 3
Site M3.1A
Site M3.1B
Site M5.2A
Site M6.0A
Site M6.3A
Site M6.3B
Site M6.5A
Site M6.5B

0.03
0.01
0.02
0.01
0.02
0.01
0.02
0.16
0.08
0.01

0.009
0.006
0.009
0.057
0.005
0.004
0.003
0.003

Peak
Measured
Flow

(mgd)

0.58
0.08
0.15
0.31
0.10
0.12
0.04
0.72
0.51
0.12

0.15
0.10
0.11
1.09
0.30
0.06
0.03
0.04

Peaking
Factor

0 0 0 W O O 00 0w o O

7.3

o
o

o BN B
AN N o

The following capacity analysis results are noted:

Diameter
(inches)

[N e))

10

7.75
7.75

Peak
Level
(inches)

3.3
3.2
7.6
6.1
21
7.2
1.9
5.1
6.2
3.0

5.9
2.0
3.2
7.2
3.2
13
1.3
1.1

Surcharge
Level
(feet)

0.41 -
0.40 -
0.95 =
0.77 -
0.35 =

0.23 =
0.64 -
0.78 =
0.37 -

0.98 -
0.34 -
0.53 -
0.72 -
0.53 -
0.16 =
0.17 -
0.14 -

e Peaking Factor: Several sites had peaking factors greater than 10. Larger peaking factors
are expected given that the study analyzes basins previously identified as having high I/I

rates.

e d/D Ratio: Nine of the flow monitoring sites (Sites M2, M5, M6, M10, M11, M12, M14, M16
and M6.1) reached surcharge conditions.

e Sanitary Sewer Overflow Potential: Given the level of surcharging seen during Storm Event 1,
the manholes at Site 6, Site 11/12 and Site 16 have the potential for a sanitary sewer
overflow (SSO) during a larger rainfall event. Site 6 has historical precedence for SSO
discharging during large rainfall events.

V&A Project No. 13-0276
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Preface

Per discussions with the City, V&A prioritized I/1 evaluations on the comparative analysis of the Peak
I/1 rate, traditionally associated with inflow. Inflow sources transport rain water directly into the
sewer system; the corresponding inflow rates are tied closely to the intensity of the storm. This
component of RDI/I often causes a peak flow problem in the sewer system and often dictates the
required capacity of downstream pipes and transport facilities to carry these peak instantaneous
flows. Figure ES-1 illustrates the I/1 response curve for Basin 3 during Phase 1 as it related to peak
I/1 rate.
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Figure ES-1. I/I Isolation Curve, Basin 3 (Inflow Measurement)

V&A analyzed the I/1 isolation curves for all sites and all phases of this study to try to determine the
areas of the City collection system that had the highest peak I/ rates.

Phase 1 (Large Basin) Results

The results of the Phase 1 flow monitoring and I/l analyses for the larger basins are shown as
follows:

Basin 3: The City cited historical data and field observations regarding known I/l issues
within Basin 3.

Basin 5: V&A recommended investigating Basin 5 due to the high peak /1 ratios and high
combined I/I totals.

Basin 6: There is a known capacity issue one manhole upstream from the Basin 6 monitoring
location.

Basin 8: This is a newer area of the City and this area had minimal I/1 contribution.

Basin 9: The flow meter was not in an ideal location for monitoring. The consensus was that
the response for Basin 9 was real and considerable but the magnitude may not be correct
due to metering conditions.

V&A Project No. 13-0276 Executive Summary
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Basin 11: This location had significant peak I/1 rates and combined I/1 totals.

Basin 12: The metering manhole for this basin surcharged with evidence that the surcharge
was close to an SSO.

Basins 15/16: Both basins were noted for generally high I/1 rates and total I/l contribution.

Old Henry Road: The City cited the age of the sewer system along Old Henry Road and noted
this correlation to the high I/I rates within Basins 9, 11 and 12.

Final group conclusions were as follows:

Focus additional phases of monitoring within Basins 3, 5 and 6.

O The focus of the study moving forward would be to spend the remainder of the 2014 wet
weather season identifying smaller high 1/1 mini-basins within this region for possible
future CIP work.

O ldentifying areas of |/l reduction may help to solve two problems within the City: (1)
severe flows observed in Basin 3 (San Pablo Pump Station), and (2) capacity issues
observed at the manhole at the intersection of Pinon Avenue and Bay View Farm Road.

Make note of the ‘Old Henry Road’ Basins as a future candidate for a focused flow
monitoring and I/1 study.

Figure ES-2 illustrates the Phase 1 inflow rankings for the larger basins.
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Figure ES-2. Phase 1 Inflow Temperature Map
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"d
« 4 V&A
Phases 2 and 3 Focused Sub-Basin Results

Additional phases of flow monitoring and I/l analysis were focused within Basins 3, 5 and 6.
Through focused flow monitoring on a very small basis, V&A was able to find ‘hot-spot’ locations
within Basins 3, 5 and 6 that were contributing a significant percentage of the peak. Figure ES-3

illustrates the hot-spot areas within Basins 3, 5 and 6.
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Figure ES-3. Phase 3 Inflow Analysis Temperature Map
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V&A advises that future I/l reduction plans consider the following recommendations:

1. Potential CIP Projects for I/l Mitigation and Reduction
a. The City should conduct I/l mitigation and reduction measures in the following mini-

basins:

i. Basin 3-1 iv. Basin 6-3A
ii. Basin 3-1A v. Basin 6-5
jii. Basin 5-2

b. Forl/I reduction, V&A recommends rehabilitation of the sewer mains, laterals and side
sewers.

i. The most comprehensive study on the percent of I/l reduction has been conducted
by King County, Initial Infiltration and Inflow Reduction Project Alternatives Analysis
Report. This study confirmed the popular theory that over 50% of infiltration and
inflow enters from private lateral connections. The report also makes the following
recommendations for |/l mitigation:

(a) CCTV work is best performed during a rainfall event after groundwater levels have
begun to rise, allowing visual confirmation of specific I/l entry points, including
determining the source of potential lateral I/1 source. A generally consistent
deficiency was observed with regards to the joint conditions in the laterals and
side sewers.

(b) Rehabilitation of sewer mains, manholes, laterals and side sewers results in
approximately 80% reduction of I/1.

2. Future I/1 Identification - Continued Sub-Basin Flow Monitoring and I/1 Analysis: V&A
recommends that the City continue to locate and mitigate potential sources of I/1. Already
identified as known contributing sub-basins with high volumes of I/l are Basins 9, 11, 12, 14
and 15. Itis possible that a study similar to this study may identify CIP projects that can
significantly reduce the overall I/1 within the City collection system.

3. Other I/l Investigation Methods: Other potential I/1 investigation methods include the
following:

a. Smoke testing

b. Night-time reconnaissance work to (1) investigate and determine direct point sources of
inflow, and (2) determine the areas and pipe reaches responsible for high levels of
infiltration contribution.

4. /1 Reduction Cost Effectiveness Analysis: The City should conduct a study to determine
which is more cost-effective: (1) locating the sources of inflow/infiltration and systematically
rehabilitating or replacing the faulty pipelines; or (2) continued treatment of the additional
rainfall dependent I/1 flow.

V&A Project No. 13-0276 Executive Summary



1 o O INTRODUCTION

V&A Consulting Engineers, Inc. (V&A) was retained by the City of Pinole (City) to conduct sanitary
sewer flow monitoring and inflow/infiltration (I/I) analysis within the City of Pinole (City). Flow
monitoring occurred over a 3.5-month period from December 13, 2013 to April 1, 2014. Two basins
within the collection system (Area Five “The Meadows” and Area Six “Old Town”) had already been
identified by the City as having high rates of RDI/I. The purpose of this study was to identify smaller
basins within Area Five and Area Six having the highest rates of I/1.

To the extent possible given the time constraints of a single wet weather season and the
unpredictable nature regarding the duration and intensity of storm events, V&A would attempt to
relocate flow meters within the wet weather season. Relocations between rainfall events could
further narrow the search for areas of high I/l with an ultimate goal of identifying possible CIP
projects in support of the City’s budgeted pipe lining and replacement program. The outline of the
strategies for the I/l investigation is shown as follows:

Phase 1 - Initial Sub-Basins: V&A installed 14 flow meters and 2 volumetric meters focused
within Area Five and Area Six, dividing these areas into 16 sub-basins.

Mid-Project, Post-Rainfall I/l Analysis: After the first usable rainfall event, V&A analyzed
the flow data for relative I/1 contribution and comparison amongst the sub-basins.

Quick Decisions: V&A conveyed the /1 results to the City, making recommendations for
targeted investigation of the highest ranking I/1 sub-basins.

Maneuverable Metering: V&A removed the meters from the sub-basins with lower RDI/|
rates and relocated them into the sub-basins with the higher RDI/| rates, dividing the
original sub-basins into mini-basins.

Phase 2 - Focused Sub-Basins: The same process from Phase 1 was repeated for Phase 2,
focusing the search within the sub-basins with the greatest I/l contribution.

Phase 3 - Focused Mini-Basins: The rain events of the 2013/2014 season were sufficient to
conduct a third phase of flow monitoring and I/l analysis.

Additionally, V&A was asked to analyze and comment on the following items:

Flow Split between M6.0A and M6: As a part of Phase 3, the City asked that the flow split
between Sites M6.0A and M6.3 be monitored and analyzed during average dry weather and
peak wet weather flow conditions.

V&A Project No. 13-0276 Introduction
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Allocation of Inflow within the Perimeter of the Treatment Plant: Rain that falls within the
perimeter of the treatment plant flows directly into the treatment facility as waste;
henceforth, there is an associated cost of treatment. The City asked V&A to determine the
volume of inflow that falls within the footprint of the treatment facility.

Treatment Plant Influent Meter: The City has two methods available to measure incoming
flows from the City of Pinole. The City requested that V&A analyze the accuracy and
determine which method is preferred for flow data reliability. This analysis was important for
purposes of billing between the Cities of Pinole and Hercules. V&A dedicated a flow meter to
measuring the flow into the treatment plant for comparison to the City meter; the results are
presented within this deliverable as a Technical Memorandum.

These additional analyses are included in this report as Appendix A, Appendix B and Appendix C.

Flow monitoring sites are the locations where the flow monitors were placed. Flow monitoring site
data may include the flows of one or many drainage basins. Capacity and flow rate information is
presented on a site-by-site basis. The flow monitoring sites for the three phases are listed in Table
1-1, Table 1-2 and Table 1-3 and illustrated in Figure 1-1, Figure 1-2 and Figure 1-3. Detailed
descriptions of the individual flow monitoring sites are included in Appendix A.

Site M1
Site M2
Site M3
Site M4
Site M5
Site M6
Site M7
Site M8
Site M9
Site M10
Site M11
Site M12
Site M13
Site M14
Site M15
Site M16

Table 1-1. Phase 1 Flow Monitoring Sites

15
30
n/a
n/a
7.25
10
15
7.75

Pinole Valley Rd., just south of Highway 80
Tennant Ave., just outside WWTP

San Pablo Ave., west of Sunnyview Dr.

In easement at west end of Hazel St.

Appian Way, south of San Pablo Ave.

Pinon Ave., north of Bay View Farm Rd.
Intersection of Orleans Dr. and Zoe Ct.

Henry Ave., west of Pinole Valley Rd.
Intersection of Henry Ave. and Pinole Valley Rd.
Intersection of Tennant Ave. and Prune St.
Intersection of Pinole Valley Rd. and Rafaela St.
Intersection of Pinole Valley Rd. and Rafaela St.
San Pablo Ave. just west of Quinan St.
Intersection of Tennant Ave. and Park St.
Tennant Ave., south of train tracks, west of Fernandez Park
Tennant Ave. north of Orleans Dr.

V&A Project No. 13-0276
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Table 1-2. Phase 2 Flow Monitoring Sites

Monitoring Pipe Size

Site M2
Site M3
Site M4
Site M6
Site M7
Site M3.1
Site M3.2
Site M5.1
Site M5.2
Site M5.3
Site M6.1
Site M6.2
Site M6.3
Site M6.4
Site M6.5

Site M2
Site M3
Site M4
Site M6
Site M3.1
Site M5.2
Site M5.3
Site M6.3
Site M6.5
Site M3.1A
Site M3.1B
Site M5.2A
Site M6.0A
Site M6.3A
Site M6.3B
Site M6.5A
Site M6.5B

30
n/a
n/a
10

[N
o1

0 00 0 00 O O 0 W O O

Tennant Ave., just outside WWTP

San Pablo Ave., west of Sunnyview Dr.

In easement at west end of Hazel St.

Pinon Ave., north of Bay View Farm Rd.
Intersection of Orleans Dr. and Zoe Ct.

830 Meadows Ave.

830 Meadows Ave.

Intersection of Appian Way and Marlesta Rd.
Intersection of Appian Way and Marlesta Rd.
1171 Marlesta Rd.

Just west of intersection of Bay View Farm Rd. and Pinon Ave.
Intersection of Pinon Ave. and Primrose Ln.
Roble Ave., west of Pinon Ave.

Intersection of San Pablo Ave. and Rogers Way

747 Sunnyview Dr.

Table 1-3. Phase 3 Flow Monitoring Sites

Monitoring Pipe Size !

30
n/a

n/a

=
o

O O O 00 00 O 00 O

Tennant Ave., just outside WWTP

San Pablo Ave., west of Sunnyview Dr.

In easement at west end of Hazel St.

Pinon Ave., north of Bay View Farm Rd.

830 Meadows Ave.

Intersection of Appian Way and Marlesta Rd.
1171 Marlesta Rd.

Roble Ave., west of Pinon Ave.

747 Sunnyview Dr.

Intersection of Meadow Ave. and Betty Ave.
Intersection of Meadow Ave. and Nob Hill Ave.
1367 Marlesta Rd.

Intersection of Roble Ave. and Pinon Ave.
Intersection of San Pablo Ave. and 5t Ave.
Intersection of San Pablo Ave. and Roble Ave.
Intersection of Sunnyview Dr. and Patrick Dr.

Intersection of Sunnyview Dr. and Nob Hill Ave.
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Figure 1-1. Phase 1 Flow Monitoring Site Map
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Figure 1-2. Phase 2 Flow Monitoring Site Map
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Flow monitoring basins are localized areas of a sanitary sewer collection system upstream of a given
location (often a flow meter), including all pipelines, inlets, and appurtenances. The basin refers to
the ground surface area near and enclosed by the pipelines. A basin may refer to the entire
collection system upstream from a flow meter or may exclude separately monitored basins
upstream.

To isolate a flow monitoring basin, an addition or subtraction of flows may be requireds. Site M1 was
not used as a basin because it served to measure the flow coming into the area of interest. Site M2
was not isolated as a basin because it would have required subtracting the flow from 11 other sites.

I/1 analysis in this report will be conducted on a basin-by-basin basis. Table 1-4 lists the basins and

sub-basins that were isolated4 and utilized for I/l analysis and Figure 1-4, Figure 1-5 and Figure 1-6
illustrate the basins utilized for I/I analysis.

Table 1-4. List of Flow Monitoring Basins

Phase 1

Basin M3 40 5.09 Qw3(gasin) = Qms(site)

Basin M4 58 12.91 Qma(Basin) = Qma(site)

Basin M5 71 10.32 Qwms(Basin) = Qms(site)

Basin M6 130 13.01 Qwms(Basin) = Qme(site) — Qms(site) — Qm3(site)
Basin M7 41 11.88 Qwm7(Basin) = Qm7(site) — Qme(site) — Qma(site)
Basin M8 53 6.35 Qwsg(Basin) = Qms(site)

Basin M9 28 4.99 Qwmo(Basin) = Qmo(site)

Basin M10 62 11.87 Qm1o(Basin) = Qm10(site)

Basin M11 52 10.48 Qwm11(Basin) = Qm14(site)

Basin M12 31 4.47 Qm12(Basin) = Qm12(site)

Basin M13 17 3.20 Qm13(Basin) = Qm13(site)

Basin M14 37 6.33 Qwm14(Basin) = Qm14(site)

Basin M15 16 3.65 Qwm15(Basin) = Qm15(site)

Basin M16 12 4,78 Qm1e(Basin) = Qm16(site)

3 There is error inherent in flow monitoring. Adding and subtracting flows increases error on an additive basis. For example, if Site
A has error £10% and Site B has error £10%, then the resulting flow when subtracting Site A from Site B would be +20%.
4 There may be locations with cross-connections between trunk sewers or overflow bypass sewers to help equalize basins and

prevent sanitary sewer overflows during peak rain events. However, unless the inter-basin connections are plugged, the behavior of
flows may not be known with certainty. The basin isolation equations shown are per the best of V&A’s knowledge.

V&A Project No. 13-0276 Introduction



2 VeA

City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

: Area Pipe Length : :
(IDM) Basin Flow Calculation

Phase 2
Basin M3.1 16 2.07 Qw3z.1(Basin) = Qm3.1(site)
Basin M3.2 6 1.14 Qw3.2(Basin) = Qm3.2(site)
Basin M5.1 23 3.34 Qws.1(Basin) = Qms.1(site) — Qms.3(site)
Basin M5.2 9 1.34 Qws.2(Basin) = Qms.2(site)
Basin M5.3 29 3.25 Qws.3(Basin) = Qms.3(site)
Basin M6.1 13 2.41 Qwm6.1(Basin) = Qme.1(Site)
Basin M6.2 13 3.32 Qwe.2(Basin) = Qme.2(site)
Basin M6.3 40 2.69 Qwe.3(Basin) = Qms.3(site) — Qme.4(site)
Basin M6.4 13 1.07 Qwe.4(Basin) = Qms.4(site) — Qme.5(site)
Basin M6.5 17 3.50 Qms.5(Basin) = Qme.5(site)

Phase 3
Basin M3.1 3.1 0.69 Qwm3.1(Basin) = Qm3.1(site) — Qm3.1A(site)
Basin M3.1A 2.4 0.67 Qwm3.1A(Basin) = Qm3.1A(site) — QMm3.1B(site)
Basin M3.1B 10.1 1.83 Qw3.1B(Basin) = Qm3.1B(site)
Basin M5.2 3.6 0.75 Qws.2(Basin) = Qms.2(site) — QM5.2A(Site)
Basin M5.2A 5.6 0.69 Qwms.2aBasin) = Qms.2a(site) — QM5.3(Site)
Basin M5.3 28.9 3.42 Qws.3(Basin) = Qms.3(site)
Basin M6.0A 55.1 10.14 Qwm6.0ABasin) = Qme.0a(site) — QM5.2(Site)
Basin M6.3 36.4 5.38 Qwe.3(Basin) = Qms.3(site) — Qme.3A(site) — Qms.3B(Site)
Basin M6.3A 7.6 0.97 Qwe.3a(Basin) = Qme.3A(site)
Basin M6.3B 5.9 1.39 Qwe.38(Basin) = Qms.3B(site)
Basin M6.5 3.4 0.85 Qw6.5(Basin) = Qwme.5(site) — Qme.5A(site) — QMm6.58(Site)
Basin M6.5A 6.4 1.36 Qwe.5aBasin) = Qme.5A(site)
Basin M6.5B 7.3 1.32 Qme.5B(Basin) = QMe.58(site)

V&A Project No. 13-0276
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2.0 MerHODS AND PROCEDURES
I —

2.1 Confined Space Entry

A confined space entry (Photo 2-1) is defined as any space large enough and so configured that a
person can bodily enter and perform assigned work, has limited or restricted means for entry or exit,
and is not designed for continuous employee occupancy. In general, the atmosphere must be
constantly monitored for sufficient levels of oxygen (19.5% to 23.5%), and the absence of hydrogen
sulfide (H2S) gas, carbon monoxide (CO) gas, and lower explosive limit (LEL) levels. A typical confined
space entry crew has members with U.S. Department of Labor, Occupational Safety & Health
Administration-defined (OSHA-defined) responsibilities of "entrant,” "attendant,” and “supervisor.”
The entrant is the individual performing the work. He or she is equipped with the appropriate level of
personal protective equipment (PPE) needed to perform the job safely, including a personal four-gas
monitor (Photo 2-2). If it is not possible to maintain line-of-sight with the entrant, then more entrants
are required until line-of-sight can be maintained. The attendant is responsible for maintaining
contact with the entrants to monitor the atmosphere using another four-gas monitor and maintaining
records of all entrants. The supervisor is responsible for developing the safe work plan prior to
entering.

Photo 2-1. Confined Space Entry Photo 2-2. Typical Personal
Four-Gas Monitor

V&A Project No. 13-0276 Methods and Procedures
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2.2 Flow Meter Installation

A combination of Isco 2150 area-velocity meters and Hach Flo-Dar meters were installed by V&A in
the sewer lines in Table 1-1, Table 1-2 and Table 1-3. Continuous depth and velocity readings were
recorded by the flow meters on 5-minute intervals.

Isco 2150 meters use submerged sensors with a pressure transducer to collect depth readings and
an ultrasonic Doppler sensor to determine the average fluid velocity. The ultrasonic sensor emits
high-frequency sound waves, which are reflected by air bubbles and suspended particles in the flow.
The sensor receives the reflected signal and determines the Doppler frequency shift, which indicates
the estimated average flow velocity. The sensor is typically mounted at a manhole inlet to take
advantage of smoother upstream flow conditions. Figure 2-1 shows a typical installation for a flow
meter with a submerged sensor.

Figure 2-1. Typical Installation for Flow Meter with Submerged Sensor

The pipe diameter was verified in order to accurately calculate the flow cross-section. In-situ manual
(hand) level and velocity measurements were taken and compared to simultaneous level and
velocity readings from the flow meters to ensure proper calibration and accuracy. This determination
of the level offset is required because of variations in individual flow meters, position of the sensor
upon installation, thickness of the mounting band and other factors.

During the in-situ calibrations, the technician/engineer reports the actual depth of the flow to the
invert of the pipe (da) while the flow meter reports the depth of water to the sensor (ds). The
difference between these is the offset. These sets of measurements are taken at least three times
during installation and removal of the flow meters and during mid-project calibrations. The various
sets of measurements are used to track the data quality. During site visits, observations of sediment

V&A Project No. 13-0276 Methods and Procedures
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are noted. If sediment is present, several depth of sediment readings (S) are taken and the type of
sediment encountered (sandy, rocky, pebbly) is noted.

Most area-velocity meters employ a forward-looking ultrasonic Doppler sensor that does not record
velocity if covered by sediment. To mitigate this, the sensor may be offset to a position where
sediment is less likely to affect the sensor. It is important to take multiple sediment readings in
multiple locations; sediment tends to settle in waves, which affects the accuracy of the sediment
measurement if not accounted for.

Figure 2-2 illustrates a sensor offset for sediment, and the level measurements recorded during an
in situ calibration. Figure 2-3 illustrates sediment wave pattern settlement commonly observed in
sewer lines.

Diameter (D)

Mounting Ring

Depth of
/ |water from

Actual Deh |
of water (d,)

Depth of sediment (5)

Figure 2-2. Sensor Offset due to Sediment

Figure 2-3. The Settling of Sediment in Pipelines
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A Flo-Dar flow meter is a non-contact flow meter that uses radar to measure velocity and a down-
looking ultrasonic sensor to measure depth. Figure 2-4 illustrates a typical Flo-Dar installation.

Figure 2-4. Typical Flo-Dar Flow Meter Installation
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Data retrieved from each flow meter was placed into a spreadsheet program for analysis. Data
analysis includes data comparison to field calibration measurements, as well as necessary
geometric adjustments as required for sediment (sediment reduces the pipe’s wetted cross-sectional
area available to carry flow). Area-velocity flow metering uses the continuity equation,

Q=v-A=v (A - A)

where Q : volume flow rate
v: average velocity as determined by the ultrasonic sensor
A: cross-sectional area available to carry flow
Ar: total cross-sectional area with both wastewater and sediment
As: cross-sectional area of sediment.

For circular pipe,

oo (5 S (%)
[ o2 (0 Sl -2

where dw: distance between wastewater surface level and pipe invert
ds: depth of sediment
D: pipe diameter

V&A Project No. 13-0276 Methods and Procedures
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Weekday and weekend flow patterns differ and must be separated when determining average dry
weather flows. Days least affected by rainfall were used to estimate weekend and weekday average
flows. The overall average dry weather flow (ADWF) was calculated per the following equation:

ADWF = (ADWFMonFri X g) + [ADWFSatSun X %)

Figure 2-5 illustrates the varying flow patterns within a typical dry week.
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Figure 2-5. Sample ADWF Diurnal Flow Patterns

Peak measured flows and peak flow depths are important factors to consider when evaluating the
capacity of the collection system. The peak flows and flow levels reported are from the peak
measurements taken across the entirety of the flow monitoring period and may or may not
correspond to a simultaneous event for all sites.

The following capacity analysis terms are defined as follows:

Peaking Factor: Peaking factor is defined as the peak measured flow divided by the ADWF. A
peaking factor threshold value of 3.0 is commonly used for sanitary sewer design of new
pipe; however, it is noted that this value is variable and subject to attenuation and the size of
the upstream collector area. The City should follow its own standards and criteria when
examining peaking factors.

d/D Ratio: The d/D ratio is the peak measured depth of flow (d) divided by the pipe diameter
(D). Standards for d/D ratio vary agency to agency, but typically range between d/D < 0.5 and
d/D £ 0.75. The d/D ratio for each site was computed based on the maximum depth of flow
for the flow monitoring study.

V&A Project No. 13-0276 Methods and Procedures
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2.6 Inflow/Infiltration Analysis Methods

Inflow and infiltration (I/1) consists of stormwater and groundwater that enter the sewer system
through pipe defects and improper storm drainage connections and is defined as follows.

2.6.1 Definition and Typical Sources

e Inflow: Storm water inflow is defined as water discharged into the sewer system, including
private sewer laterals, from direct connections such as downspouts, yard and area drains,
holes in manhole covers, cross-connections with storm drains, or catch basins.

o Infiltration: Infiltration is defined as water entering the sanitary sewer system through defects
in pipes, pipe joints, and manhole walls, which may include cracks, offset joints, root
intrusion points, and broken pipes.

Figure 2-6 illustrates the possible sources and components of I/1.

Typical Sources of | & |

INFLOW IN RED

INFILTRATION IN BLUE

Roof Vent

Man::l: Clover Deteriorated
with Holes
Tree Root Lateral
Deteriorated Penetration
Manhole Downspout
connected
P Area Drain to Lateral
Exfiltration eonnected
from to Lateral
Storm Sewer
Cracked or

Damaged Pipe

Cross-connection Faulty Lateral Connection
from to Sanitary Sewer

Storm Catch Basin

Figure 2-6. Typical Sources of Infiltration and Inflow
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2.6.2 Infiltration Components

Infiltration can be further subdivided into the following components:

2.6.3

Rainfall-Dependent Infiltration: This component occurs as a result of storm water and enters
the sewer system through pipe defects, as with GWI. The storm water first percolates directly
into the soil and then migrates to an infiltration point. Typically, the time of concentration for
rainfall-dependent infiltration (RDI) may be 24 hours or longer, but this depends on the soil
permeability and saturation levels.

Groundwater Infiltration: Groundwater infiltration (GWI) depends on the depth of the
groundwater table above the pipelines as well as the percentage of the system submerged.
The variation of groundwater levels and subsequent GWI rates are seasonal by nature. On a
day-to-day basis, GWI rates are relatively steady and will not fluctuate greatly.

Rainfall-Responsive Infiltration is storm water that enters the collection system indirectly
through pipe defects, but normally in sewers constructed close to the ground surface such as
private laterals. Rainfall-responsive infiltration (RRI) is independent of the groundwater table
and reaches defective sewers via the pipe trench in which the sewer is constructed,
particularly if the pipe is placed in impermeable soil and bedded and backfilled with a
granular material. In this case, the pipe trench serves as a conduit similar to a French drain,
conveying storm drainage to defective joints and other openings in the system. This type of
infiltration can have a quick response and graphically can look very similar to inflow.

Impact and Cost of Source Detection and Removal

Inflow:

Impact: This component of I/1 creates a peak flow problem in the sewer system and may
dictate the required capacity of downstream pipes and transport facilities to carry these
peak instantaneous flows. Because the response and magnitude of inflow is tied closely
to the intensity of the storm event, short-term peak flows may result in surcharging and
overflows within a collection system. Severe inflow can result in sewage dilution, which
may upset the biological process (secondary treatment) at the treatment facility.

Cost of Source Identification and Removal: Inflow locations are usually less difficult to
find and less expensive to correct than infiltration sources. These sources include direct
and indirect cross-connections with storm drainage systems, roof downspouts, and
various types of surface drains. Generally, the costs to identify and remove sources of
inflow are low compared to potential benefits to public health and safety or the costs of
building new facilities to convey and treat the resulting peak flows.

Infiltration:

Impact: Infiltration typically creates long-term annual volumetric problems. The major
impact is the cost of pumping and treating the additional volume of water, and of paying
for treatment (for municipalities that are billed strictly on flow volume).

Cost of Source Detection and Removal: Infiltration sources are usually harder to find and
more expensive to correct than inflow sources. Infiltration sources include defects in
deteriorated sewer pipes or manholes that may be widespread throughout a sanitary
sewer system.

V&A Project No. 13-0276 Methods and Procedures
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2.6.4  Graphical Identification of Inflow and Infiltration

Inflow is usually recognized graphically by large-magnitude, short-duration spikes immediately
following a rain event. Infiltration is often recognized graphically by a gradual increase in flow after a
wet-weather event. The increased flow typically sustains for a period after rainfall has stopped and
then gradually drops off as soils become less saturated and as groundwater levels recede to normal
levels. Real-time flows were plotted against average dry weather flow (ADWF) to analyze the I/I
response to rainfall events. Figure 2-7 illustrates a sample of how this analysis is conducted and
some of the measurements that are used to distinguish I/1. Similar graphs were generated for the
individual flow monitoring sites and can be found in Appendix A.

Peak I/l: inflow indicator and used to
compare and rank basins

1.20 7 ﬂ[ryr "TI 0.0
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T e, | 0.7
0.00 : T . i : 0.8
o P~ (-] [=)] = — ~
= = = = o o o
i~ ~ (o] ~ i~ ~ ~
— ) — — — — —
Total I/l - all Il attributable to rainfall (shaded orange) RDI Infiltration: sustained response

24+ hours after rainfall ends

Figure 2-7. Sample Infiltration and Inflow Isolation Graph

2.6.5 Analysis Methods

After differentiating I/1 flows from ADWF flows, various calculations can be made to determine which
I/1 component (inflow or infiltration) is more prevalent at a particular site and to compare the relative
magnitudes of the |/l components between drainage basins and between storm events. Inflow or
infiltration components are typically normalized in up to three ways:

per-IDM: Inflow or infiltration rates are divided by length of pipe within the drainage basin,
expressed in units of inch-diameter-mile (IDM) (miles of pipeline multiplied by the diameter of
the pipeline in inches). Final units are gallons per day (gpd) per IDM.

per-ACRE: Inflow or infiltration rates are divided by the acreage of the drainage basin. Final
units are gallons per day (gpd) per ACRE.

per-ADWF: Inflow or infiltration rates are divided by the ADWF that was measured and
established within the drainage basin. This is a ratio. The number is unitless, but can be
thought of in the same light as a Peaking Factor.
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The infiltration and inflow indicators were normalized by all three methods for this report per the
following weighting system:

per-IDM 50%
per-ACRE 20%
per-ADWF 30%

The per-IDM method was given the highest weight because capital improvement projects concerning
rehabilitation or replacement of sanitary sewer pipelines are most commonly bid based on the length
of pipe. Note: inflow is subject to the effects of attenuation, explained in the following section.

Flow attenuation in a sewer collection system is the natural process of the reduction of the peak flow
rate through redistribution of the same volume of flow over a longer period of time. This occurs as a
result of friction (resistance), internal storage and diffusion along the sewer pipes. Fluids are
constantly working towards equilibrium. For example, a volume of fluid poured into a static vessel
with no outside turbulence will eventually stabilize to a static state, with a smooth fluid surface
without peaks and valleys. Attenuation within a sanitary sewer collection system is based upon this
concept. A flow profile with a strong peak will tend to stabilize towards equilibrium, as shown in
Figure 2-8.

Time >
Volume X = Volume Y

Flow
Flow

Vol. X Volume Y

»
> >

Time Time

Figure 2-8. Attenuation Illustration

Within a sanitary sewer collection system, each individual basin will have a specific flow profile. As
the flows from the basins combine within the trunk sewer lines, the peaks from each basin will (a)
not necessarily coincide at the same time, and (b) due to the length and time of travel through the
trunk sewers, peak flows will attenuate prior to reaching the treatment facility. The sum of the peak
flows of the individual basins within a collection system will usually be greater than the peak flows
observed at the treatment facility.
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3.1 Rainfall Data

There were sufficient rainfall events over the flow monitoring period that could be used to conduct
multiple sets of infiltration and inflow analysis, allowing for relocation of flow meters and isolation of
multiple drainage basins. V&A utilized rain data publically available through the National
Weather Service (NWS) Cooperative Observer Program (COOP). While V&A performed QA/QC analysis
to ensure, to the extent possible, the quality of the rainfall data, it is noted that V&A had no direct
control over those gauges.

Table 3-1 shows the precipitation for the notable rainfall events measured from the four rain gauges.
Figure 3-1 illustrates the rain events over the monitoring period (average of all rain gauges shown).
Figure 3-2 shows the rainfall accumulation during the monitoring period, as well as the historical
average rainfall® in Pinole at the approximate study centroid during this project duration.

The cumulative precipitation at the four rain gauges ranged from 52% to 85% of the historical
precipitation for the time period shown.

Table 3-1. Rainfall Events Summary

RG North | RG East | RG South RG West
(inches) | (inches) (inches) (inches)

Event 1: February 2, 2014 - February 10, 2014 3.75 5.47 4.76 3.00
Event 2: February 26, 2014 - March 6, 2014 2.34 2.48 2.55 1.28
Event 3: March 26, 2014 - April 1, 2014 2.45 3.17 3.09 2.46
Total over Monitoring Period: 8.69 11.28 10.55 6.84

® Historical data taken from the WRCC (Station 45378 in Martinez, CA and Station 47414 in Richmond, CA):
http://www.wrcc.dri.edu/summary/climsmnca.html
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Figure 3-1. Rainfall Distribution over Flow Monitoring Period (Avg. of Four Rain Gauges)
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Figure 3-2. Rainfall Accumulation Plot
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3.2 Regional Rainfall Event Classification

It is important to classify the relative size of a major storm event that occurs over the course of a
flow-monitoring period®. Rainfall events are classified by intensity and duration. Based on historical
data, frequency contour maps for storm events of given intensity and duration have been developed
by the National Oceanic and Atmospheric Administration (NOAA) for Northern California
(Figure 3-3).

Rainfall in tenths |
of an inch ===« S i

Isopluvials of 10-year 24-hour precipitation in inches

For example, the NOAA Rainfall Frequency Atlas” classifies a 10-year, 24-hour storm event at the
PINOLS rain gauge location as 3.75 inches. This means that in any given year, at this specific
location, there is a 10% chance that 3.75 inches of rain will fall in any 24-hour period.

From the NOAA frequency maps, for a specific latitude and longitude, the rainfall densities for
period durations ranging from 1 hour to 24 hours are known for rain events ranging from 1-year to
100-year intensities. These were plotted to develop a rain event frequency map specific to each rainfall
monitoring site. Superimposing the peak-measured densities for the rainfall events on the rain event

6 Sanitary sewers are often designed to withstand I/l contribution to sanitary flows for specific-sized “design” storm events.
7 NOAA Western U.S. Precipitation Frequency Maps Atlas 14, 1973: http://www.wrcc.dri.edu/pcpnfreq.html
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frequency plot determines the classification of the rainfall event. Figure 3-4 depicts the classification
curves for the rainfall events for the SANPA4 rain gauge. Table 3-2 lists the intensity of the various
storm events for each rain gauge.
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== Ferbruary 26 - March 6, 2014 /
> | —te=March 26 - April 1, 2014 50
25
4 L
(=
“6 3 / 5
(7]
-d=) /
g =2
? _— , —_— — —1
/ / A
1 » / 4/ - __ =
/ —
é/ finfall DOration
0 |
1-hr 2-hr 3-hr 6-hr 12-hr 24-hr

Figure 3-4. Storm Event Classification at SANPA4

Table 3-2. Rainfall Frequency Return Summary

PINOL3 | PINOL5 | SANPA4 | HERCU4

4 year, 1+ year,

Event 1: February 2 - February 10, 2014 < 1 year 24 hour 24 hour < 1 year
Event 2: February 26 - March 6, 2014 <lyear <1year <d1year <1lyear
Event 3: March 26 - April 1, 2014 <lyear <1lyear <1lyear < 1lyear

3.3 Rainfall Summary

o Though the total rainfall for the entirety of the 2013/2014 rainfall season was generally low,
Storm Event 1 provided sufficient rainfall to conduct a solid I/l analysis of the flow monitoring
data gathered for Phase 1.

o Event 1 was classified as greater than a 1-year, 24-hour event for some rain gauges in the
region. Event 1 also increased the soil saturation levels so that future rainfall events (Events
2 and 3) were effective for I/l analysis of the flow monitoring data collected for Phase 2 and
Phase 3.

V&A Project No. 13-0276 Rainfall Results
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4.1 Average Dry Weather Flows

ADWEF flows were established during dry days within the flow monitoring period when RDI had the
least impact on the flow rates. Table 4-1 summarizes the ADWF flow data measured during this
study. Figure 4-1, Figure 4-2 and Figure 4-3 show flow schematic diagrams of the ADWF and flow
levels for the flow monitoring sites, all phases.

Table 4-1. Average Dry Weather Flow Summary

Weekday Weekend

M°';iitt‘;’i"g ADWF ADWF
(mgd) (mgd)
Phase 1
Site M1 0.70 0.76 0.71
Site M2 1.11 1.10 1.11
Site M3 0.07 0.07 0.07
Site M4 0.13 0.14 0.13
Site M5 0.02 0.02 0.02
Site M6 0.17 0.19 0.18
Site M7 0.36 0.38 0.36
Site M8 0.007 0.006 0.007
Site M9 0.004 0.005 0.004
Site M10 0.08 0.09 0.09
Site M11 0.02 0.02 0.02
Site M12 0.003 0.003 0.003
Site M13 0.06 0.06 0.06
Site M14 0.04 0.04 0.04
Site M15 0.01 0.02 0.02
Site M16 0.08 0.09 0.09
Phase 2
Site M3.1 0.035 0.025 0.032
Site M3.2 0.011 0.011 0.011
Site M5.1 0.022 0.026 0.023
Site M5.2 0.011 0.013 0.011
Site M5.3 0.022 0.023 0.022
Site M6.1 0.010 0.014 0.011
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monitorng | Veonear | Weskord
(mgd) (mgd)

Site M6.2 0.015 0.018 0.016
Site M6.3 0.171 0.140 0.163
Site M6.4 0.076 0.103 0.084
Site M6.5 0.008 0.011 0.009
Phase 3

Site M3.1A 0.009 0.010 0.009
Site M3.1B 0.006 0.006 0.006
Site M5.2A 0.009 0.010 0.009
Site M6.0A 0.056 0.061 0.057
Site M6.3A 0.005 0.005 0.005
Site M6.3B 0.003 0.004 0.004
Site M6.5A 0.003 0.003 0.003
Site M6.5B 0.003 0.004 0.003
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Figure 4-1. Average Dry Weather Flow Schematic (Phase 1)
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Figure 4-2. Average Dry Weather Flow Schematic (Phase 2)
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Figure 4-3. Average Dry Weather Flow Schematic (Phase 3)
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4.2 Peak Measured Flows and Pipeline Capacity Analysis

Capacity analysis data is presented on a site-by-site basis and represents the hydraulic conditions
only at the point site locations. Hydraulic conditions in other areas of the collection system will differ.
Due to the relocation of flow meters and different flow data capture periods, the peak flows and
peak levels should not necessarily be directly compared to each other. The period of meter
installation are coded per the following scheme:

m Install Period

1/17/2014 - 2/25/2014
1/17/2014 - 3/28/2014
1/17/2014 - 4/1/2014
2/25/2014 - 3/28/2014
2/25/2014 - 4/1/2014
3/28/2014 - 4/1/2014

m m O O W >

Table 4-2 summarizes the peak recorded flows, levels, d/D ratios, and peaking factors per site
during the flow monitoring period. Sites that surcharged and sites with peaking factors greater than
10.0 have been shaded in - Figure 4-4, Figure 4-5 and Figure 4-6 show bar graphs of the
capacity results for all phases. Figure 4-7, Figure 4-8 and Figure 4-9 show schematic diagrams of the
peak measured flows with peak flow levels for all phases of the flow monitoring.

Table 4-2. Capacity Analysis Summary

Peak

Moni.toring :,n:rtiz: Measured Peaking Diameter E::ekl Sulr-c:l::ge
Site Scheme Flow Factor (inches) (inches) (feet)
(mgd)

Phase 1
Site M1 A 0.71 3.50 4.9 15 8.5 0.57 -
Site M2 o 1.11 7.20 6.5 30 455 1.3
Site M3 o 0.07 071 | 107 n/a n/a n/a -
Site M4 C 0.13 0.47 3.7 n/a n/a n/a -
Site M5 A 0.02 065 | 339 7.25 10.7 0.3
Site M6 c 0.18 1.10 6.2 10 82.3 6.0
Site M7 B 0.36 2.02 5.6 15 11.8 0.78 -
Site M8 A 0.007 0.03 5.0 7.75 1.3 0.17 -
Site M9 A 0.004 030 | 675 6 2.7 0.45 -
Site M10 A 0.09 0.41 4.8 8 11.4 0.3
Site M11 A 0.02 053 | 306 10 51.6 35

Site M128 A 0.003 n/a n/a 8 51.6 3.6

8 Site M12 failed during Storm Event 1; the manhole was surcharged for an extended time period, flooding the flow logging computer.
Enough data was recovered to establish an average dry weather flow but not enough for a proper capacity and I/l analysis. This site and
other sites that comprise the ‘Old Henry Road’ basin are the subject of a future project.
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Peak
Monitoring :,n;ti(a,:: Measured Diameter Il.:::ekl Sulrgl::ge
Site Scheme Flow Factor (inches) (inches) (feet)
(mgd)

Site M13 B 0.06 0.21 3.8 6 1.7 . -
Site M14 A 0.04 0.32 7.7 8 9.3 0.1
Site M15 A 0.02 021 141 6 2.6 . -
Site M16 A 0.09 0.62 7.2 11.5 37.2 2.1
Phase 2

Site M3.1 E 0.03 058 | 183 6 33 041 -
Site M3.2 D 0.01 0.08 7.3 6 3.2 0.40 -
Site M5.1 D 0.02 0.15 6.5 8 7.6 0.95 -
Site M5.2 E 0.01 031 | 2716 8 6.1 0.77 -
Site M5.3 E 0.02 0.10 45 6 2.1 0.35 -
Site M6.1 D 0.01 012 | 104 6 72 | 120 0.1
Site M6.2 D 0.02 0.04 2.3 8 1.9 0.23 -
Site M6.3 E 0.16 0.72 4.4 8 5.1 0.64 -
Site M6.4 D 0.08 0.51 6.1 8 6.2 0.78 -
Site M6.5 E 0.01 012 | 135 8 3.0 0.37 -
Phase 3
Site M3.1A F 0.009 015 = 154 6 5.9 0.98 -
Site M3.1B F 0.006 010 | 167 6 2.0 0.34 -
Site M5.2A F 0.009 011 | 120 6 3.2 0.53 -
Site M6.0A F 0.057 109 | 190 = 10 7.2 0.72 -
Site M6.3A F 0.005 030 = 615 6 3.2 0.53 -
Site M6.3B F 0.004 006 | 161 8 1.3 0.16 -
Site M6.5A F 0.003 003 = 111 7.75 1.3 0.17 -
Site M6.5B F 0.003 004 | 118 7.75 1.1 0.14 -

The following capacity analysis results are noted:

e Peaking Factor: Several sites had peaking factors greater than 10. Larger peaking factors
are expected given that the study analyzes basins previously identified as having I/ rates.

e d/D Ratio: Nine of the flow monitoring sites (Sites M2, M5, M6, M10, M11, M12, M14, M16
and M6.1) reached surcharge conditions.

e Sanitary Sewer Overflow Potential: Given the level of surcharging seen during Storm Event 1,
the manholes at Site 6, Site 11/12 and Site 16 have the potential for a sanitary sewer
overflow (SSO) during a larger rainfall event. Site 6 has historical precedence for SSO
discharging during large rainfall events.

e These capacity results do not replace a full hydraulic model which would determine
capacity on a node-to-node basis and would be based on pipe slopes of the individual
pipe segments within the local collection system.
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Figure 4-4. Phase 1 Capacity Summary: Peaking Factors and d/D Ratios
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5.0 PHASE 1 I/I RESULTS
]

5.1

Preface

The original 16 flow monitoring basins were illustrated in Figure 1-4. The following items are noted
regarding the early-season analysis:

5.2

Results are presented on a basin-by-basin basis (not a site-by-site basis).
Results are for the original 15 basins only (Basin 12 excluded).

Results presented to the City during the early-season were considered preliminary and based
upon the information known at the time of presentation.

Results presented in the following pages of analyses have been updated from the initial
presentation to reflect final data and results; values may be different from the initial
presentation; however, the conclusions and recommendations are the same.

Inflow Analysis

Inflow sources transport rain water directly into the sewer system; the corresponding inflow rates are
tied closely to the intensity of the storm. This component of RDI/I often causes a peak flow problem
in the sewer system and often dictates the required capacity of downstream pipes and transport
facilities to carry these peak instantaneous flows.

Figure 5-1 illustrates the /1 response curve for Basin 3 and Storm Event 1 as it relates to peak I/I

rate.

Flow (MGD)

0.80 - W Flow @Baseline ORealime _mRain | 0-00
0.70 - T 1 0.05
0.60 | : Peak I/ Rate: 0.63 mgd | 0.10
0.50 - / 1 0.155
0.40 1 s o.zo%
0.30 - - 0258
0.20 - - 0.30
0.10 - YA\t 0.35
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Figure 5-1. I/I Isolation Curve, Basin 3 (Inflow Measurement)
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Table 5-1 summarizes the peak measured I/1 flows and inflow analysis results for the Phase 1 basins
for Storm Event 1 (refer to the Methods section for more information on inflow analysis methods).
The peak I/l rate was normalized by three different methods: length of pipe (IDM), basin area (acres)
and sewerage contribution (ADWF). Basins that ranked in the top 5 have been color coded red.
Figure 5-2 illustrates a temperature map summary of the inflow analysis results per basin.

Table 5-1. Inflow Analysis Summary, Large Basins

Peak I/l per | Peakl/l per | Peakl/I per

Peak I/I Inflow
Rate (mgd) | gp'c%')m) ( gﬁ;:?:c) ';'Z‘t’:’: Ranking

Basin 3 0.067 0.63 123,000 15,700 934 | 1
Basin 4 0.129 0.28 22,000 4,800 2.16 11
Basin 5 0.019 0.64 62,000 9,000 33.50

Basin 6 0.090 0.14 11,000 1,100 157

Basin 7 0.058 0.66 56,000 16,100 11.34 6
Basin 8 0.007 0.02 3,000 400 3.06 12
Basin 9 0.004 0.30 60,000 10,700 67.75 | 2
Basin 10 0.085 0.26 22,000 4,200 3.05 10
Basin 11 0.017 0.51 49,000 9,800 29.38 7
Basin 13 0.056 0.16 50,000 9,400 2.86 8
Basin 14 0.042 0.30 47,000 8,100 7.17 9
Basin 15 0.015 0.21 58,000 13,100 1391 | 5
Basin 16 0.086 0.58 121,000 48,300 678 | 3 |

(=) : N
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Figure 5-2. Phase 1 Inflow Temperature Map
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5.3 Combined I/I Analysis

Combined I/l analysis considers the totalized volume (in gallons) of both inflow and rainfall-
dependent infiltration over the course of a storm event. For example, the total volume of infiltration
and inflow into Basin 3 for the February 7 - 12, 2014 storm event calculated out to 670,000 gallons
(hatched area below in Figure 5-3).

~I'Flow ©Baseline DORealtime ™Rain ‘

0.80 |

0.70 - L 0.05
0.60 | L 0.10
a8 =
O 0.50 - 0.15 <
= S
= 0.40 L 0.20 £
3 g

" 0.30 - L 0.25
0.20 - L 0.30
0.10 M1 0.35
0.00 ‘ ‘ ‘ 0.40

2/7/2014 2/8/2014 2/9/2014 2/10/2014 2/11/2014 2/12/2014

Figure 5-3. I/I Isolation Curve, Basin 3 (Combined I/I Measurement)

Table 5-2 summarizes the combined I/l analysis results for the large basins. Figure 5-4 illustrates a
temperature map of the basin rankings for combined I/1.

Table 5-2. Combined I/I Analysis Summary, Large Basins

Basin ADWF Total I/1 Total I/1 per R-Value Total I/1 per Combined I/1
(mgd) (gallons) IDM (per Acre) ADWF Ranki ng

Basin 3 0.067 670,000 109,000 19.0% 3.07

Basin 4 0.129 355,000 8,000 6.9% 0.85 11

Basin 5 0.019 570,000 17,000 9.1% 9.17

Basin 6 0.090 560,000 27,000 4.9% 1.90

Basin 7 0.058 200,000 5,000 5.5% 1.05

Basin 8 0.007 1,000 0 0.0% 0.05

Basin 9 0.004 76,000 5,000 3.1% 5.27 7

Basin 10  0.085 291,000 8,000 5.3% 1.05 12

Basin 11 0.017 594,000 17,000 12.9% 1050 [ 1
Basin 13  0.056 214,000 21,000 14.2% 1.18 8

Basin 14  0.042 412,000 20,000 12.6% 3.02 6

Basin 15 0.015 205,000 17,000 14.5% 4.17 ]
Basin 16 0.086 858,000 55,000 80.9% 3.08 s

V&A Project No. 13-0276 Phase 1 I/ Results
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Figure 5-4. Phase 1 Combined I/I Temperature Map

5.4 Phase 1 Summary

On February 20, 2014, V&A met with the City to discuss the Phase 1 findings. At the time of the
discussion, peak I/l to ADWF ratios and total combined I/l contribution were main topics of
discussion, presented in the format of I/1 response curves per each monitoring site (similar to Figure
5-1). The following bullet items highlight important topics of discussion between V&A and the City:

Basin 3: The City cited historical data and field observations regarding known I/1 issues
within Basin 3.

Basin 5: V&A recommended investigating Basin 5 due to the high peak I/1 ratios and high
combined I/l totals.

Basin 6: There is a known capacity issue one manhole upstream from the Basin 6 monitoring
location.

Basin 8: This is a newer area of the City and this area had minimal I/1 contribution.

Basin 9: The flow meter was not in an ideal location for monitoring. The consensus was that
the response for Basin 9 was real and considerable but the magnitude may not be correct
due to metering conditions.

Basin 11: This location had significant peak I/1 rates and combined I/ totals.

V&A Project No. 13-0276 Phase 11/ Results [ ey
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Basin 12: The metering manhole for this basin surcharged with evidence that the surcharge
was close to an SSO.

Basins 15/16: Both basins were noted for generally high I/1 rates and total I/l contribution.

Old Henry Road: The City cited the age of the sewer system along Old Henry Road and noted
this correlation to the high I/I rates within Basins 9, 11 and 12.

541 Conclusions

Final group conclusions were as follows:

Focus the Phase 2 monitoring within Basins 3, 5 and 6.

The focus of the study moving forward would be to spend the remainder of the 2014 wet
weather season identifying smaller high 1/1 mini-basins within this region for possible
future CIP work.

Identifying areas of I/1 reduction may help to solve two problems within the City: (1)
severe flows observed in Basin 3 (San Pablo Pump Station), and (2) capacity issues
observed at the manhole at the intersection of Pinon Avenue and Bay View Farm Road.

Make note of the ‘Old Henry Road’ Basins as future candidates for a focused flow monitoring
and I/ study.

5.4.2 Actions

Future actions for Phase 2 included the following;:

Remove ten flow meters from the following sites: M1, M5, M8 - M16.

Utilize the ten available flow meters to further analyze and gather data on the high I/1 basins
as follows:
Basin 3: Sub-divide into two basins (3.1 and 3.2) and perform Phase 2 flow monitoring.
Basin 5: Sub-divide into three basins (5.1, 5.2 and 5.3) and perform Phase 2 flow
monitoring.

Basin 6: Sub-divide into five basins (6.1, 6.2, 6.3, 6.4 and 6.5) and perform Phase 2 flow
monitoring.

V&A Project No. 13-0276 Phase 1 I/1 Results
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6.1 Preface

The Phase 2 flow monitoring occurred from February 26, 2014 through March 6, 2014. The ten flow
monitoring sub-basins designated for the Phase 2 analysis are illustrated in Figure 1-5. The
following items are noted regarding the early-season analysis:

e Results are presented on a basin-by-basin basis (not a site-by-site basis).
® Results are for the ten Phase 2 basins only.

e Results presented to the City during Phase 2 were considered preliminary and based upon
the information known at the time of presentation.

e Results presented in the following pages of analyses have been updated from initial
presentation to reflect final data and results. The values presented in this report will differ
from the initial presentation; however, the conclusions and recommendations are the same.

6.2 I/I Summary of Results

V&A performed flow monitoring and I/l analysis similar to Phase 1. Figure 6-1 shows the |/1 response
curve for Basin 3.1.

0.7 - '.'—, = 1 0.00
06 ‘ ~IlFlow ©Baseline DORealtime ®Rain ‘ 0.05
05 Peak I/ Rate: 0.55 mgd 1ot
a o ea ate: 0. mg; -
Q é _ 1015 T
2 04 - £
2 1020 £
o 0.3 - @
+ 0.25
0-2 1 + 0.30
0.1 1 + 035
00 T T T - T 040
2/26/2014 2/27/2014 2/28/2014 3/1/2014 3/2/2014 3/3/2014

Figure 6-1. Peak I/I Rate, Basin 3.1 (Event 2)
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Table 6-1 summarizes the peak measured I/1 flows and inflow analysis results for the Phase 2 basins
for Storm Event 2. Basins that ranked in the top 5 have been color coded red. Figure 6-2 illustrates
a temperature map summary of the inflow analysis results per basin.

Table 6-1. Phase 2 Inflow Analysis Summary

Peak I/l per | Peakl/I per | Peakl/I per

Peak I/1 Inflow
Rate (mgd) ( gp:iI;'rII)M) ( gﬁg?ll\EC) ST Ranking
Basin 3.1 0.032 0.55 265,700 34,400 17.3
Basin 3.2 0.011 0.06 52,600 10,000 5.7
Basin 5.1 0.023 0.12 35,900 5,200 5.2
Basin 5.2 0.011 0.23 171,600 25,600 20.9
Basin 5.3 0.022 0.08 24,600 2,800 3.6
Basin 6.1 0.011 0.10 41,500 7,700 8.9
Basin 6.2 0.016 0.03 9,000 2,300 1.9
Basin 6.3 0.079 0.04 14,900 1,000 0.5
Basin 6.4 0.008 0.03 28,000 2,300 3.7
Basin 6.5 0.009 0.11 31,400 6,500 12.6
7 Q i Le revieway. . |
u;amusG g ettt %'J
0.55 - Peak I/I Rate '

23

ra
e,

Figure 6-2. Phase 2 Inflow Analysis Temperature Map
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On March 18, 2014, V&A met with the City to discuss the Phase 2 findings. At the time of the
discussion, the measured peak I/1 rates were the main topics of discussion, presented in the format
of I/l response curves per each monitoring site. The following bullet items highlight important topics
of discussion between V&A and the City:

6.3.1

Basin 3.1/Basin 3.2: Basin 3.1 had significantly more peak I/l than Basin 3.2. Basin 3.1 had
0.55 mgd of peak I/1 flow occurring within only approximately 2,700 lineal feet of pipe.

Rehabilitating the 2,700 lineal feet of pipe is a realistic CIP project that can have
significant impact at the treatment plant. For Storm Event 2, at the treatment plant, there
was approximately 2.47 mgd of peak I/l. Though not a perfect comparison due to
attenuation and holding times within the collection system, 0.55 mgd peak inflow from
Basin 3.1 is approximately 22% of the 2.47 mgd peak inflow measured from the City of
Pinole for Storm Event 2.

Basin 5.2 and Basin 6.5 also had high peak /I rates.

The City was interested in obtaining the percentage volume of flow contribution at the
intersection of Roble Avenue and Appian Way where two main sewers combine.

Basin 6.3: The City was interested in directly monitoring flows in the numbered streets if
possible (2nd Avenue to 5th Avenue).

Recommendations

Final group recommendations were as follows:

6.3.2

Focus the Phase 3 monitoring within Basins 3.1, 5.2 and 6.5 for focused I/l analysis.

Monitor the Roble/Appian junction and capture the sewerage basins for Third Avenue and
5th Avenue.

Actions

Remove seven flow meters from the following sites: M3.2, M5.1, M6.1, M6.2, M6.4, M7 and
M13.

Utilize the seven available flow meters plus one extra meter to further analyze and gather
data on the high I/1 basins as follows:

Basin 3.1: Sub-divide into three basins (3.1, 3.1A, 3.1B) for Phase 3 flow monitoring.
Basin 5.2: Sub-divide into three basins (5.2, 5.2A and 5-3) for Phase 3 flow monitoring.
Basin 6.3: Sub-divide into three basins (6.3, 6.3A and 6.3B) for Phase 3 flow monitoring,
Basin 6.5: Sub-divide into three basins (6.5, 6.5A and 6.5B) for Phase 3 flow monitoring,

V&A Project No. 13-0276 Phase 2 I/1 Results
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7.1 Preface

The 13 flow monitoring sub-basins designated after the Phase 2 analysis are illustrated in Figure
1-6. The following items are noted regarding the early-season analysis:

e Results are presented on a basin-by-basin basis (not a site-by-site basis).

e Results are for the 13 Phase 3 basins only.

o Results presented to the City during Phase 3 were considered preliminary and based upon
the information known at the time of presentation.

e Results presented in the following pages of analyses have been updated from the initial
presentation to reflect final data and results. The results may differ from the initial
presentation; however, the conclusions and recommendations are the same.

7.2 1/ Summary of Results

V&A performed flow monitoring and 1/l analysis similar to Phase 1 and Phase 2. Figure 7-1 shows
the I/l response curve for Basin 3.1A
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Figure 7-1. Peak I/I Rate, Basin 3.1A (Event 3)
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Table 7-1 summarizes the peak measured I/1 flows and inflow analysis results for the Phase 3 basins
for Storm Event 3. Basins that ranked in the top 5 have been color coded red. Figure 7-2 illustrates
a temperature map summary of the inflow analysis results per basin.

Table 7-1. Phase 3 Inflow Analysis Summary

Peak I/l per | Peakl/I per | Peakl/I per

Rs;a:‘n:/ 'd) IDM ACRE ADWF R';‘rf]'}‘(’i"r:
g (8pd/IDM) (8pd/AC) Ratio g
Basin M3.1 0.0036  0.168 243,600 54,200 466 | 38
Basin M3.1A 0.0038 0.044 66,000 18,400 11.7 7
Basin M3.1B 0.0057 0.087 47,700 8,600 15.2 8
Basin M5.2 0.0025 0.220 292,700 61,000 89.3 e
Basin M5.2A 0.0016 0.000 0 0 0 13
Basin M5.3 0.0074 0.115 33,500 4,000 15.6 10
Basin M6.0A 0.0459 0.703 69,300 12,700 15.3 6
Basin M6.3 0.0146 0.283 52,500 7,800 19.4 BE
Basin M6.3A 0.0049  0.295 304,100 38,800 60.0 | 2
Basin M6.3B 0.0036 0.052 37,600 8,800 14.5 9
Basin M6.5 0.0016 0.068 80,600 20,100 418 |4
Basin M6.5A 0.0029 0.028 20,400 4,300 9.4 12
Basin M6.5B 0.0033 0.034 25,800 4,700 10.4 11
&
Crocketts Premier
0.55 - Peak I/l Rate” o0
San Pablo A.i Erip @3@ T 1
Gables Motel Pinole (i) y v _ 0.28
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070 2
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Figure 7-2. Phase 3 Inflow Analysis Temperature Map
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On April 15, 2014, V&A met with the City to discuss the Phase 3 findings. The following bullet items
highlight important topics of discussion between V&A and the City:

Basin 3.1: Basin 3.1 had previously been broken into three parts in order to refine the
potential location for the high rates of inflow.

The high rates of inflow were once more confirmed in Basin 3.1. Basin 3.1 had the
highest rate of inflow amongst the three Basin 3.1 meters (3.1, 3.1A and 3.1B)

Basin 5.2: Previously, Basin 5.2 had very high rates of inflow for a relatively small service
area. This basin was divided approximately in half to further refine the problem area.

Of the two sub-basins (5.2 and 5.2A), Basin 5.2 had the vast majority of I/1.

Basin 6.5: During Phase 2, Basin 6.5 was one of the two highest ranked basins. This was
divided into three sub-basins (6.5, 6.5A and 6.5B).

Basin 6.5 had the highest rate of inflow

Basin 6.3A: The rate of inflow observed in Basin 6.3A was higher than expected.

V&A Project No. 13-0276 Phase 3 I/l Results



8 o O RECOMMENDATIONS

V&A advises that future I/1 reduction plans consider the following recommendations:

1. Potential CIP Projects for I/1 Mitigation and Reduction
a. The City should conduct I/l mitigation and reduction measures in the following mini-

basins:

i. Basin 3-1 iv. Basin 6-3A
ii. Basin 3-1A v. Basin 6-5
iii. Basin 5-2

b. For I/l reduction, V&A recommends rehabilitation of the sewer mains, laterals and side
sewers.

i. The most comprehensive study on the percent of I/l reduction has been conducted
by King County, Initial Infiltration and Inflow Reduction Project Alternatives Analysis
Report. This study confirmed the popular theory that over 50% of infiltration and
inflow enters from private lateral connections. The report also makes the following
recommendations for |/l mitigation:

(a) CCTV work is best performed during a rainfall event after groundwater levels have
begun to rise, allowing visual confirmation of specific I/l entry points, including
determining the source of potential lateral I/l source. A generally consistent
deficiency was observed with regards to the joint conditions in the laterals and
side sewers.

(b) Rehabilitation of sewer mains, manholes, laterals and side sewers results in
approximately 80% reduction of I/I.

2. Future I/1 Identification - Continued Sub-Basin Flow Monitoring and I/1 Analysis: V&A
recommends that the City continue to locate and mitigate potential sources of I/1. Already
identified as known contributing sub-basins with high volumes of I/l are Basins 9, 11, 12, 14
and 15. Itis possible that a study similar to this study may identify CIP projects that can
significantly reduce the overall I/1 within the City collection system.

3. Other I/l Investigation Methods: Potential other I/1 investigation methods include the
following:

a. Smoke testing

b. Night-time reconnaissance work to (1) investigate and determine direct point sources of
inflow, and (2) determine the areas and pipe reaches responsible for high levels of
infiltration contribution.

4. /1 Reduction Cost Effectiveness Analysis: The City should conduct a study to determine
which is more cost-effective: (1) locating the sources of inflow/infiltration and systematically
rehabilitating or replacing the faulty pipelines; or (2) continued treatment of the additional
rainfall dependent I/ flow.

V&A Project No. 13-0276 Recommendations
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As a part of Phase 3, the City asked that the flow split between Sites M6.0A and M6.3 be monitored.
Site M6.0A monitored a 10-inch line running southwest along Pinon Ave that gathers flow from Basin
5 (Phase 1) as well as the area near the intersection of Appian Way and San Pablo Ave. Site M6.3
monitors an 8-inch line that gathers flow from Basin 3, Basin 6.5, Basin 6.4 and Basin 6.3. The flows
from these two sites eventually travel through Site M6.

The average and peak flow splits for the two sites are illustrated in Figure A-1 and Figure A-2.

4

6.0A
6.3

\e
a0 & 5 a0 & >
o, o,
)"7[,@ )’?f@
Figure A-1. ADWF Split for Site M6.3 and Figure A-2. Peak Flow Split for Site M6.3
M6.0A and M6.0A

The split in flows between the two lines was approximately 40% for Site M6.0A and 60% for Site
M6.3 for Average Dry Weather Flow.

The split in flows between the two lines was approximately 52% for Site M6.0A and 48% for Site
M6.3 for Peak Flow during Storm Event 3.

V&A Project No. 13-0276 Appendix A
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B.1 Treatment Plant Inflow Contribution

The City of Pinole shares ownership of the Wastewater Treatment Plant with the City of Hercules.
One aspect that is currently not addressed between the cities is the cost of treating the rainfall that
falls on the footprint of the treatment plant itself.

The footprint of the treatment plant (Figure B-3) is approximately 228,300 ft2 (5.28 acres). This
equates to 142,300 gallons per inch of rain that falls. The City of Pinole averages approximately
20.25 inches of rain per year. With the drainage on the treatment plant property, the majority of this
rainfall would flow into the treatment process. In total, this results in approximately 2,880,000
gallons of rainfall that is treated by the treatment facility each year.

Figure B-3. Footprint of City of Pinole Wastewater Treatment Plant

V&A Project No. 13-0276 Appendix B



APPENDIX C. ADDITIONAL ANALYSIS
REQUEST: COMPARISON OF SANITARY
SEWER FLOWS FROM CITY OF PINOLE,
CITY OF HERCULES, AND THE PINOLE/
HERCULES WASTEWATER TREATMENT
PLANT

This request was processed and submitted as a separate Technical Memorandum, but included
within Appendix C as follows.
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TECHNICAL MEMORANDUM

COMPARISON OF SANITARY SEWER FLOWS FROM
CITY OF PINOLE, CITY OF HERCULES, AND THE
PINOLE/HERCULES WASTEWATER TREATMENT PLANT

Prepared for: Dean Allison, P.E., City of Pinole
Prepared by: Kevin Krajewski, P.E., V&A Consulting Engineers
Reviewed by: Oliver Pohl, P.E., V&A Consulting Engineers

Glenn Willson, P.E., V&A Consulting Engineers

< |
. ¢ V&A
Date: February 23, 2015
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1 o O INTRODUCTION

The Pinole/Hercules Wastewater Treatment Plant treats sanitary sewage flow from both the City of
Pinole and the City of Hercules. Presently, the Hercules flows are measured directly through a
Parshall flume located at the treatment plant. Pinole flows are measured using two methods:

Method 1: Indirect measurement by subtracting the Hercules flows from the totalized
treatment plant effluent flows, monitored at an effluent weir structure. This method has
traditionally been the primary method for determining flows from the City of Pinole.

Method 2: Direct measurement using a Hach FloDar flow meter located on the 30-inch line
on Tennant Avenue as it enters into the treatment facility. This 30-inch line captures the
entirety of the sanitary sewer waste from the City of Pinole collection system.

V&A Consulting Engineers (V&A) was retained by the City of Pinole (City) to compare both methods of
flow calculation to temporary flow monitoring conducted on the 30-inch line on Tennent Avenue, just
east of the railroad tracks, approximately 240 feet upstream from the City Influent Meter. The 30-
inch line captures the entirety of the sanitary sewer waste from the City of Pinole collection system.

Flows from the Influent, Hercules and Effluent meters were provided by the City. V&A was provided
two different types of data sets from the influent (FloDar) meter:

Data Set 1: The City provided 15-minute interval data for the Influent flow meter from
November 1 through December 10, 2014.

Data Set 2: V&A accessed the flow meter directly and was able to retrieve five days of 1-
minute interval data from January 18 to 23, 2015.

These data sets were analyzed separately and for different purposes that will be outlined later in this
report.

V&A was initially retained by the City to perform sanitary sewer flow monitoring during the
2013/2014 wet weather season as part of the City’s efforts to reduce inflow and infiltration (I/1)
within the City collection system. Through the 2014 summer months, V&A maintained the flow meter
that was already installed on Tennent Avenue. This work was performed under the same contract as
the 2013/2014 Flow Monitoring and I/l Analysis work.

Figure 1-1 illustrates a map of the treatment plant and the Pinole and Hercules trunk sewer lines.

V&A Project No.: 13-0276 Introduction
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Figure 1-1. Map of Pinole/Hercules Treatment Plant, Contributing Flows
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2..0 METHOD 1 ANALYSIS (EFFLUENT
LESS HERCULES)

2.1 Review of Validity of City Data for Analysis

The City provided 15-minute interval data for the Hercules Parshall flume and for the treatment plant
effluent from June 14, 2014 to September 25, 2014. V&A performed a cursory QA/QC on the data
provided. The data from June 14 through July 20, 2014 appeared to have been reported correctly
and is considered as valid data sets for comparison. From July 21, 2014 forward, there were only a
few valid data points for each data set per day, resulting in several “flat-lines” or repeated values in
the data sets, illustrated in Figure 2-1.

——Hercules —— Effluent
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Figure 2-1. Hercules and Effluent Flow Data, 7/17/2014 - 7/27/2014

For Method 1 Flows, the data from July 21 forward was not considered valid for comparison for the
purposes of this study.

V&A Project No.: 13-0276 Method 1 Analysis (Effluent less Hercules)
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2.2 Micro Analysis

V&A first looked at the data at the 15-minute data interval level. Though the City does not report
totalized flows at this interval level; however, analyzing the data on a micro level may lend
confidence or provide valuable information as to the operational viability of the metering methods
currently in use. Figure 2-2 shows a graph of the flow monitoring data sets evaluated for this study.
The purple line labeled “Pinole+Hercules” is simply a sum of the directly monitored values for Pinole
and Hercules and is intended to be shown as a direct comparison to the Effluent data.
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4.0 A i
= 3.5
£3)
£25 f '
; 2.0 ) 1 [| M h.
T 15 M \
1.0
0.5 Q.-
0-0 T T T T T T T 1
< < < < < < < <
— — — — — — i —
S~ S~ S~ S~ S~ S~ S~ S~
(2] < N (o) M~ 0 [e)) o
N (o] (gl (] (o] N N (]
S~ S~ S~ S~ S~ S~ S~ S~
(e} (e} (e} (e} (o) (e} (e} (e}

Figure 2-2. Hercules and Effluent Flow Data, 6/23/2014 - 6/30/2014

It is noted that the Effluent flows undergo some degree of attenuation; there is detention time in
between the influent and effluent stages of the treatment process. The following items are noted:
analysis:

e The Effluent flow data and the sum of the directly monitored data sets (“Pinole + Hercules”)
match each other well in terms of magnitude and range.

e When operating correctly, the diurnal curves and trends of the flow data from the Hercules
Parshall flume and the Effluent Weir appear to provide solid and repeatable data.

2.3 Macro Analysis

Flow data was analyzed on a day-by-day basis to determine the estimated difference in the
calculated flow for Pinole (present method - Effluent less Hercules) versus the measured flows per
the V&A flow monitoring conducted on the 30-inch trunk sewer on Tennent Avenue. Table 2-1 shows
the daily flow comparison of the daily calculated flows versus the measured City flows.

V&A Project No.: 13-0276 Method 1 Analysis (Effluent less Hercules)
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Table 2-1. Comparison of Average Daily Flow Rates (Method 1)

.M e Pinole
Effluent Hercules Pinole Flows Measured % Difference
(mgd) (mgd) (Effl - Herc) (mgd)
(mgd)

6/18/2014 2.32 1.17 1.15 0.97 19%
6/19/2014 2.34 1.18 1.16 0.97 19%
6/20/2014 2.39 1.18 1.21 0.98 22%
6/21/2014 2.49 1.30 1.19 0.99 20%
6/22/2014 2.50 1.34 1.16 1.01 14%
6/23/2014 2.37 1.21 1.16 0.96 20%
6/24/2014 2.36 1.19 1.18 0.94 25%
6/25/2014 2.32 1.20 1.12 0.94 19%
6/26/2014 2.33 1.15 1.19 0.94 26%
6/27/2014 2.40 1.20 1.21 1.00 21%
6/28/2014 2.51 1.26 1.25 1.01 24%
6/29/2014 2.59 1.34 1.25 1.02 22%
6/30/2014 2.42 1.21 1.21 0.97 24%
7/1/2014 2.32 1.15 1.147 0.95 23%
7/2/2014 2.30 1.15 1.15 0.97 19%
7/3/2014 2.28 1.16 1.12 0.96 17%
7/4/2014 2.37 1.23 1.15 0.97 18%
7/5/2014 2.32 1.20 1.12 0.99 12%
7/6/2014 2.40 1.26 1.14 1.04 10%
7/7/2014 2.29 1.18 1.11 1.03 8%

7/8/2014 2.27 1.15 1.12 1.02 9%

7/9/2014 2.28 1.18 1.10 1.00 10%
7/10/2014 2.20 1.15 1.05 0.98 7%

7/11/2014 2.24 1.12 1.12 1.00 13%
7/12/2014 2.39 1.27 1.12 1.02 9%

7/13/2014 2.44 1.29 1.15 1.05 10%
7/14/2014 2.33 1.21 1.12 1.03 8%

7/15/2014 2.35 1.18 1.17 0.99 18%
7/16/2014 241 1.18 1.22 1.01 21%
7/17/2014 2.02 1.15 0.87 0.98 -11%
7/18/2014 2.22 1.13 1.09 1.00 9%

7/19/2014 2.31 1.24 1.07 1.00 7%

7/20/2014 2.37 1.26 1.11 1.04 7%

Average: 2.35 1.20 1.14 0.99 15.2%

Note: V&A has no knowledge of the accuracy of the flow data from Hercules and the plant. It is also noted that the industry
standard for open-channel flow monitoring is expected to have an accuracy of approximately £5%.

Method 1 Flow Measurement Summary
Using the Method 1 determination of the City of Pinole flows, the flows for Pinole are over-reported
by approximately 15.2%.

V&A Project No.: 13-0276 Method 1 Analysis (Effluent less Hercules)
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7

3.1 Review of Validity of City Data for Analysis

Similar to the data sets provided for the Hercules and Effluent flows of the previous section, the data
set had many repeated values and flat-lines, illustrated in Figure 3-1.

3.00 ~—— Plant Influent (FloDar)
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el I
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= ] . |
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10-Nov 11-Nov 12-Nov 13-Nov 14-Nov 15-Nov 16-Nov

Figure 3-1. Pinole Influent Data, 11/10/2014 - 11/17/2014

Given that the repeated values occurred with all data sets, and occurred for the same date/time
stamps for concurrent data sets of different meters, it is believed the repeated values are not an
indication of meter failure, but an indication of data storage error within the City SCADA system.

For the purposes of the Method 2, Data Set 1 analysis, V&A assumed that non-repeated data points
were valid at the time of the date/time stamp, but that repeated values were not valid data points.
Figure 3-2 illustrates an example of valid data points for analysis and direct comparison to the V&A
temporary flow meter.

V&A Project No.: 13-0276 Method 2, DataSet 1 | &
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250 ——V&A Temporary Meter @ Plant Influent (FloDar)
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Figure 3-2. Pinole Influent Data, 11/10/2014 — 11/13/2014, Example of Valid Points

3.2 Method 2, Data Set 1 Analysis

From Data Set 1 (November 1 through December 10, 2014), there were 316 valid data points from
the plant influent meter that could be directly compared to the V&A temporary flow meter. Figure 3-3
shows a scatter plot comparison of the Influent Meter to the V&A Meter.
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Average of Valid Influent Meter Flow Values: 1.361 mgd
Average of Like V&A Meter Flow Values: 1.195 mgd
Percent Difference: 13.9%

Figure 3-3. Pinole Influent Data Comparison of All Valid Points

Method 2 Flow Measurement Summary (Data Set 1)
Using the Method 2 determination of the City of Pinole flows, the flows for Pinole are over-reported
by approximately 13.9%.

V&A Project No.: 13-0276 Method 2, Data Set 1



4.0 METHOD 2, DATA SET 2
7

Data Set 2 was 1-minute interval data accessed directly from the flow meter and thus did not have
the “repeated-value” issue noted in previous sections. This data set was utilized to better analyze the
sensor measurements of the FloDar flow meter and perhaps lend information to understand why the

values in Data Set 1 were over-reported.

4.1 Method 2, Data Set 2 Analysis

Figure 4-1 illustrates hydrographs of the 1-minute level, velocity and flow data measured by the
FloDar meter from January 18 through 23, 2015.
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Figure 4-1. Pinole Influent Level, Velocity and Flow Data

V&A Project No.: 13-0276

Velocity
measurement
outliers resulting
in over-reported
flows.

Method 2, Data Set2 | =l



rd City of Pinole, City of Hercules, and the Pinole/Hercules Wastewater
- V&A Treatment Plant

Velocity Outliers

There are several velocity point outliers that, based on the hydraulic conditions at the treatment
plant, are known to be incorrect and over-reported. This is not an uncommon occurrence with flow
monitoring equipment. The FloDar meter measures surface velocity of the flow stream; excessive
floating debris or bubbles or foam on the flow surface could cause this issue.

For this data set, V&A went through the exercise of correcting the velocity values to determine the
overall effect of these outliers on the flow data. Figure 4-2 illustrates the corrected velocity
measurements.

Reported Velocity

Corrected Velocity
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Average of Reported Velocity Measurements:  0.794 fps
Average of Like V&A Meter Flow Values: 0.733 fps
Percent Difference: 9.1%

Figure 4-2. Pinole Influent Velocity Measurements, Reported and Corrected

Flow Calculation and Sediment

The flow calculation programmed into the FloDar meter did not consider the volume of sediment
within the pipe channel. The cross-sectional area filled with sediment is not available for conveyance
of waste stream flow. It is known that this particular trunk sewer has a sediment issue. Assuming
no sediment would result in the over-reporting of flow values.

The exact level of sediment at the Influent Meter location was not known. The sediment at the V&A
Meter approximately 240 feet upstream from the Influent Meter manhole measured approximately 2
inches. For Data Set 2, assuming 2 inches of sediment in the pipe channel would result in a 5.7%
reduction of flow.

Data Set 2 Analysis Summary

If the velocity outliers were corrected and 2 inches of sediment was accounted for in the pipeline, the
overall impact on the flows reported by the FloDar would be approximately 14.8%. This number
corresponds well with the percentage difference in flows analyzed in Data Set 1 (13.9%).

V&A Project No.: 13-0276 Method 2, Data Set 2
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The following discussion items are presented for review by the City:

Primary Devices vs. Flow Meters: Primary devices, flumes and weirs, traditionally have been
a popular and reliable method to measure flows in permanent installations. The main
limitations of these methods is that there are constraints on where such devices can be
installed and once installed, moving them to a different location is difficult. Primary devices
are less reliant on technology because one of the parameters used to calculate flow is
removed from the equation as a variable.

Method 1 (Effluent less Hercules): Using the Method 1 determination of the City of Pinole
flows, the flows for Pinole are over-reported by approximately 15.2%.

The flow monitoring methods used presently to determine the Hercules flows and the
Effluent flows appear to be repeatable.

Method 2 (Influent meter direct measurement): The influent meter was over-reporting flows
by approximately 13.9% per comparison of valid data points within Data Set 1 and the V&A
temporary meter.

Detailed analysis of the 1-minute level and velocity data reported from the FloDar meter
indicates that there are likely two causes for this over-reporting:

Cause #1: There are velocity outliers reported by the FloDar that cause the velocity to
be over-reported. For the five days of data analyzed, these outliers caused the flows
to be over-reported by 9.1%.

Cause #2: There are known sediment issues in the pipeline where the influent meter
is located. The FloDar meter was not programmed to account for sediment when
calculating flow. The exact level of sediment in that manhole was not known at the
time of this report. If one assumes 2 inches of sediment as measured 240 feet
upstream from the influent meter, then the net effect of accounting for the sediment
would be a reduction of flow of approximately 5.7% (Data Set 2).

Preferred Method: Given the known sediment issues at the influent meter location, and also
given the repeatability and sustainability of the Primary Device used at the Effluent Meter
location, Method 1 would be considered the preferred method for determining the City of
Pinole flows generated from the collection system on a mass flow basis.

Note: Instantaneous flows from the City of Pinole cannot be determined due to
attenuation and hold times through the treatment process.

V&A Project No.: 13-0276 Discussion
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City of Pinole

a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M1

Location: Pinole Valley Rd., just south of Highway 80

Data Summary Report
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f(j City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M1

Weekly Level, Velocity and Flow Hydrographs
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| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M1
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE M1

I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 1 Detail Graph
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Storm Event I/1 Analysis (Rain = 3.25 inches)
Capacity
Peak Flow: 3.50 mgd
PF: 4.90
Peak Level:  8.50 in
d/D Ratio: 0.57
Inflow / Infiltration
Peak I/1 Rate: 2.83 mgd
Total I/1: 4,093,000 gallons
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City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring

Temporary Monitoring: February 2014

Monitoring Site: Site M2

Location:

Data Summary Report
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f. City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M2
Weekly Level, Velocity and Flow Hydrographs
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M2

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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f. City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M2
I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 1 Detail Graph
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Storm Event I/1 Analysis (Rain = 3.25 inches)

Capacity
Peak Flow: 7.20 mgd
PF: 6.50

Peak Level: 45.50 in
d/D Ratio: 1.52

Inflow / Infiltration

Peak I/1 Rate: 5.70 mgd
Total I/1: 6,623,000 gallons
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a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M3

Location: San Pablo Ave., west of Sunnyview Dr.

Data Summary Report
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a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M3
Weekly Level, Velocity and Flow Hydrographs
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| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M3
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE M3

I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 1 Detail Graph
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Storm Event I/1 Analysis (Rain = 3.25 inches)
Capacity
Peak Flow: 0.71 mgd
PF: 10.66
Peak Level: in
d/D Ratio:
Inflow / Infiltration
Peak I/1 Rate: 0.63 mgd
Total I/1: 670,000 gallons

V&A Project No. 13-0276
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— City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M4

Location: In easement at west end of Hazel St.

Data Summary Report
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o City of Pinole
g V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M4
Weekly Level, Velocity and Flow Hydrographs
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M4
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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R SR Pipe Diameter: 99  inches
Peak Measured Level: inches

Peak d/D Ratio:
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2 VsA

City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE M4

I/l Summary: Event 1

Ba

Event 1 Detail Graph
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Storm Event I/1 Analysis (Rain = 3.25 inches)
Capacity
Peak Flow: 0.47 mgd
PF: 3.66
Peak Level: in
d/D Ratio:
Inflow / Infiltration

Peak I/1 Rate:
Total I/1:

0.28 mgd
355,000 gallons

V&A Project No. 13-0276
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— City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M5

Location: Appian Way, south of San Pablo Ave.

Data Summary Report
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fq City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5
Weekly Level, Velocity and Flow Hydrographs
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2 VsA

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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Peak d/D Ratio: 1.48
Surcharged 3.5 inches over crown
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f. City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5
I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 1 Detail Graph
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Storm Event I/1 Analysis (Rain = 3.25 inches)

Capacity
Peak Flow: 0.65 mgd
PF: 33.85

Peak Level: 10.74 in
d/D Ratio: 1.48

Inflow / Infiltration

Peak I/1 Rate: 0.64 mgd
Total I/1: 570,000 gallons
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— City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M6

Location: Pinon Ave., north of Bay View Farm Rd.

Data Summary Report
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2 VsA

City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6
WeeKly Level, Velocity an

d Flow Hydrographs
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2 VsA

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period

90 0.0
80 0.1
701 0.2
60
= 03 _
= 50 - £
T>, 40 o4 =
7 ©
et 0.5 &
30
20 J 0.6
10 4 0.7
0 : : I I 0.8
™~ 00 o} o -
) o S e -
N N N N N
o o o o o
e Pipe Diameter: 10 inches
Peak Measured Level: 82.3 inches
Peak d/D Ratio: 8.23
Surcharged 72.3 inches over crown
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fq City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6
I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 1 Detail Graph

1.20 - 0.0
1.00 - : 0.2
0.80 - 0.4

) =

o <=

€ s

= 0.60 06 £

H <

r e
0.40 - 0.8

.\;«w
" RV ': II.\'I“'/ RN .: N -
0.20 4+ TN : MO ! gl 1.0
.f: .\'\,\ ’ . \\\ ",' k
“ v N
0.00 . . 1.2
N~ 0 (o] (9]
o o o —
~ ~ ~ ~
(&) (&) (&) (o]
o o o o

Storm Event I/1 Analysis (Rain = 3.25 inches)

Capacity
Peak Flow: 1.10 mgd
PF: 6.21

Peak Level: 82.34 in
d/D Ratio: 8.23

Inflow / Infiltration

Peak I/1 Rate: 0.91 mgd
Total I/1: 1,202,000 gallons

V&A Project No. 13-0276 Appendix D



— City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M7

Location: Intersection of Orleans Dr. and Zoe Ct.

Data Summary Report
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fq City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M7
Weekly Level, Velocity and Flow Hydrographs
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f. City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M7
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period

16 - 0.0
14 A 0.1
12 0.2
—~ 10 1 03 __
S <
= s 04 C
o £
o ©
B 05
4 0.6
24 0.7
0 } } } } 0.8
N~ o] ()] (@] ~
3 < 2 N N
(o] (o] N (o] N
o o o o o

R B Pipe Diameter: 15  inches
Peak Measured Level: 11.8 inches
Peak d/D Ratio: 0.78
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City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE M7
I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 1 Detail Graph
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Storm Event I/1 Analysis (Rain = 3.25 inches)
Capacity
Peak Flow: 2.02 mgd
PF: 5.56

Peak Level: 11.75 in

d/D Ratio: 0.78

Inflow / Infiltration

Peak I/1 Rate:
Total I/1:

1.85 mgd
2,841,000 gallons

V&A Project No. 13-0276
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— City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M8

Location: Henry Ave., west of Pinole Valley Rd.

Data Summary Report
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f(j City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M8

Weekly Level, Velocity and Flow Hydrographs
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M8
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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R SR Pipe Diameter: 7.75  inches
Peak Measured Level: 1.34 inches
Peak d/D Ratio: 0.17
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g | City of Pinole
[ 4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M8
I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 1 Detail Graph
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Storm Event I/1 Analysis (Rain = 3.25 inches)

Capacity
Peak Flow: 0.03 mgd
PF: 4.98

Peak Level: 1.34 in
d/D Ratio: 0.17

Inflow / Infiltration

Peak I/1 Rate: 0.02 mgd
Total I/1: 1,000 gallons
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City of Pinole

a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M9

Location: Intersection of Henry Ave. and Pinole Valley Rd.

Data Summary Report
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rd City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M9
Weekly Level, Velocity and Flow Hydrographs
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M9
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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R SR Pipe Diameter: 6  inches
Peak Measured Level: 2.69 inches
Peak d/D Ratio: 0.45
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rd City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M9
I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 1 Detail Graph
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Storm Event I/1 Analysis (Rain = 3.25 inches)

Capacity
Peak Flow: 0.30 mgd
PF: 67.45

Peak Level: 2.69 in
d/D Ratio: 0.45

Inflow / Infiltration

Peak I/1 Rate: 0.30 mgd
Total I/1: 76,000 gallons
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2 VsA

City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole

Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site:

Location:

Site M10

Intersection of Tennant Ave. and Prune St.

Data Summary Report
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fq City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M10
Weekly Level, Velocity and Flow Hydrographs

Tue Wed Thu Fri Sat Sun Mon Tue
12

Avg Level: 4.35in. | Peak Level: 11.40 in. | Min Level: 1.7§ in.

Level (in)
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Total Weekly Rainfall: 3.80 inches | m—rain Flow ------- BLFlow
0.45 0.0

Rain (in/hr)

2/4 2/5 2/6 2/7 2/8 2/9 2/10 2/11
Avg Flow: 0.130 mgd Peak Flow: 0.406 mgd  Min Flow: 0.032 mgd
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M10

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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e Pipe Diameter: 8 inches
Peak Measured Level: 11.4 inches
Peak d/D Ratio: 1.43

Surcharged 3.4 inches over crown
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M10
I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Perio

Event 1 Detail Graph
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Capacity
Peak Flow: 0.41 mgd
PF: 4.76
Peak Level: 11.40 in

d/D Ratio: 1.43

Inflow / Infiltration

Peak I/1 Rate:
Total I/1:

291,000 gallons

V&A Project No. 13-0276
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City of Pinole

a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M11

Location: Intersection of Pinole Valley Rd. and Rafaela St.

Data Summary Report

Pinale Cteek

Site M2

l J /
Bajpr!'»'cwt.f*‘ark1 78

é’° f ‘ P Site M9

| r;\ 'l.
| ( alley, Lape

| Site s

MF B nole

A

’

4 ~
N
a

[T L T

= — — Site M7 @0 \ (-
\\- S- te M4 T ! Plnofe(,‘mek . 9\
; \ /" . Hazel St — P \' \ i :
2) ; oA R Site M15 L o
oWy § “‘i-i'i:"’ @ "-*' A o Site M11
hﬁ“g':\ 5 \.‘,-untm i miose’ S|te M14 . \‘.' P i W \ \ s\ %‘
CrockellsPremlé?—' J'~ ! Site MS; J '&4 Q'so\o.' ' \i A ;‘ 1‘- ‘

¢ .. """’B".‘“’.Sa mﬁz‘;? N ’ Site M13 ® \  SiteM12 2.8

,a‘o\° Slte M3 5 ab,o.A"wLxE%n ,‘ G’o % ‘." gl‘-\ ‘3 3‘:.
bl B & |te M10 /I o
a uobHH.q,,e Slte MS -’ ‘: Collmsl}ememary

: 3 \k‘ ‘ “ ’ ji _. .‘ N ! .:??.i

. Flow site N RN %
Pump Station Slte : \ \\ ' ; RS =
< g O B T o | — :

Vicinity Map: Site M11

V&A Project No. 13-0276 Appendix D | \/EEE R



2 VsA

City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE M11
Weekly Level, Velocity and Flow Hydrographs

Tue Wed Thu Fri Sat

60

Sun Mon Tue

50 4

40 -

30 -

Level (in)

20 4
10 +

0 -

1.6 -

Avg Velocity: 0.83 fps  Peak Velocity: 1.51 fps

1.4 4
1.2 4
1.0 4
0.8 -

0.6

Velocity (fps)

0.4 1

0.2

0.0

Avg Level: 6.32in. | Peak Level: 51.57 in. | Min Level: 0.39 in.

Lev

Min Velocity: 0.10 fps

Total Weekly Rainfall: 3.80 inches

BLFlow

0.60

0.50 ~

0.40 ~

Flow (mgd)
o o
N w
o o
] ]

0.10 +

0.0

0.2

0.4

0.6

Rain (in/hr)

0.8

1.0

B

1.2

2/4 2/5
Avg Flow: 0.096 mgd

2/6 2/7 2/8
Peak Flow: 0.531 mgd

2/9 2/10
Min Flow: 0.001 mgd

2/11

V&A Project No. 13-0276

Appendix D



" City of Pinole
L.l V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M11

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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R SR Pipe Diameter: 10  inches
Peak Measured Level: 51.6 inches
Peak d/D Ratio: 5.16

Surcharged 41.6 inches over crown
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2 VsA

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M11

I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 1 Detail Graph

0.60 - 0.0
0.50 A 0.2
0.40 A 0.4
=) =
o =
3 =
— 0.30 + 0.6 =
z <
w ’ g
0.20 A 0.8
0.10 A 1.0
L - v Wy o S Ay 3 AT ¥ .,,r'\_ PN, ¥ '-'- ’
0.00 +&- s Al \I\\.-_ e --r\\ NG -I-\\_ o 1.2
~ 0 o o - N
o o o - N -
< < < ~ ~ ~
N o o N N N
o o o o o o
Storm Event I/1 Analysis (Rain = 3.25 inches)
Capacity
Peak Flow: 0.53 mgd
PF: 30.59
Peak Level: 51.57 in
d/D Ratio: 5.16
Inflow / Infiltration
Peak I/1 Rate: 0.51 mgd
Total I/1: 594,000 gallons

V&A Project No. 13-0276
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City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M13

Location: San Pablo Ave. just west of Quinan St.

Data Summary Report
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f(j City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M13

Weekly Level, Velocity and Flow Hydrographs
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10 L - L L— — —1 4 Lev
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Avg Flow: 0.089 mgd Peak Flow: 0.215 mgd  Min Flow: 0.036 mgd
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M13
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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R SR Pipe Diameter: 6  inches
Peak Measured Level: 1.65 inches
Peak d/D Ratio: 0.28
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2 VsA

City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE M13
I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 1 Detail Graph
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Storm Event I/1 Analysis (Rain = 3.25 inches)
Capacity
Peak Flow: 0.21 mgd
PF: 3.84
Peak Level: 1.65 in
d/D Ratio: 0.28
Inflow / Infiltration
Peak I/1 Rate: 0.16 mgd
Total I/1: 214,000 gallons
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City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M14

Location: Intersection of Tennant Ave. and Park St.

Data Summary Report
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fq City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M14
Weekly Level, Velocity and Flow Hydrographs
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Avg Flow: 0.098 mgd Peak Flow: 0.322 mgd  Min Flow: 0.004 mgd
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M14

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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e Pipe Diameter: 8 inches
Peak Measured Level: 9.3 inches
Peak d/D Ratio: 1.16

Surcharged 1.3 inches over crown
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M14
I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Perio

Event 1 Detail Graph
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Storm Event I/1 Analysis (Rain = 3.25 inches)
Capacity
Peak Flow: 0.32 mgd
PF: 7.68
Peak Level: 9.30 in
d/D Ratio: 1.16
Inflow / Infiltration
Peak I/1 Rate: 0.30 mgd
Total I/1: 412,000 gallons

V&A Project No. 13-0276
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2 VsA

City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M15

Location:

Tennant Ave., south of train tracks, west of Fernandez
Park

Data Summary Report
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f(j City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M15

Weekly Level, Velocity and Flow Hydrographs
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Avg Flow: 0.043 mgd Peak Flow: 0.214 mgd  Min Flow: 0.002 mgd
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M15
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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R B Pipe Diameter: 6  inches
Peak Measured Level: 2.62 inches
Peak d/D Ratio: 0.44
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M15

I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 1 Detail Graph
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Storm Event I/1 Analysis (Rain = 3.25 inches)
Capacity
Peak Flow: 0.21 mgd
PF: 14.14
Peak Level: 2.62 in
d/D Ratio: 0.44
Inflow / Infiltration
Peak I/1 Rate: 0.21 mgd
Total I/1: 205,000 gallons
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— City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site M16

Location: Tennant Ave. north of Orleans Dr.

Data Summary Report
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f(j City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M16

Weekly Level, Velocity and Flow Hydrographs

Tue Wed Thu Fri Sat Sun Mon Tue
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f. City of Pinole
(| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M16
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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R SR Pipe Diameter: 115  inches
Peak Measured Level: 37.2 inches
Peak d/D Ratio: 3.23

Surcharged 25.7 inches over crown
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2 VsA

City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE M16
I/l Summary: Event 1

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 1 Detail Graph
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Storm Event I/1 Analysis (Rain = 3.25 inches)
Capacity
Peak Flow: 0.62 mgd
PF: 7.20

Peak Level: 37.17 in
d/D Ratio: 3.23

Inflow / Infiltration

Peak I/1 Rate: 0.58 mgd
Total I/1: 858,000 gallons

V&A Project No. 13-0276
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% VsA

City of Pino

le

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring

Temporary Monitoring: February 2014

Monitoring Site:

Location:

Site M2
Tennant Ave., just outside WWTP

Data Summary Report
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f(j City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M2

Weekly Level, Velocity and Flow Hydrographs
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2 V&A

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M2

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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Peak Measured Level: 30.5
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Surcharged 0.5 inches over crown
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M2

I/l Summary: Event 2

Baseline and Realtime Flows with Rainfall Data over Monitoring Perio

Event 2 Detail Graph
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Storm Event I/1 Analysis (Rain = 1.98 inches)
Capacity
Peak Flow: 3.81 mgd
PF: 4,02
Peak Level: 30.47 in
d/D Ratio: 1.02
Inflow / Infiltration
Peak I/1 Rate: 2.47 mgd
Total I/1: 3,432,000 gallons
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% VsA

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site:

Location:

Site M3.1
830 Meadows Ave.

Data Summary Report
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fq City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M3.1
Weekly Level, Velocity and Flow Hydrographs
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7~ City of Pinole
2 V&A

Sewer Flow Monitoring & inflow/Infiltration Study
SITE M3.1

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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Peak d/D Ratio: 0.54
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g | City of Pinole
[ 4 V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITEM3.1

I/l Summary: Event 2

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 2 Detail Graph
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Storm Event I/1 Analysis (Rain = 1.98 inches)
Capacity
Peak Flow: 0.58 mgd
PF: 18.34

Peak Level: 3.26 in
d/D Ratio: 0.54

Inflow / Infiltration

Peak I/1 Rate: 0.55 mgd
Total I/1: 213,000 gallons
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site:

Location:

Site M3.2

830 Meadows Ave.

Data Summary Report
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fq City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M3.2
Weekly Level, Velocity and Flow Hydrographs
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7~ City of Pinole
2 V&A

Sewer Flow Monitoring & inflow/Infiltration Study
SITE M3.2

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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Peak d/D Ratio: 0.54
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M3.2
I/l Summary: Event 2

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 2 Detail Graph
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Storm Event I/1 Analysis (Rain = 1.98 inches)
Capacity
Peak Flow: 0.08 mgd
PF: 7.34
Peak Level: 3.22 in
d/D Ratio: 0.54
Inflow / Infiltration
Peak I/1 Rate: 0.06 mgd
Total I/1: 41,000 gallons
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

% VsA

City of Pinole

Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site

Location:

M5.1

Intersection of Appian Way and Marlesta Rd.

Data Summary Report
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rd City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5.1
Weekly Level, Velocity and Flow Hydrographs
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" City of Pinole
2 V&A

Sewer Flow Monitoring & inflow/Infiltration Study
SITE M5.1

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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raa City of Pinole
. d V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5.1
I/l Summary: Event 2

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 2 Detail Graph
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Storm Event I/1 Analysis (Rain = 1.98 inches)
Capacity
Peak Flow: 0.15 mgd
PF: 6.49

Peak Level: 7.57 in
d/D Ratio: 0.95

Inflow / Infiltration

Peak I/1 Rate: 0.12 mgd
Total I/1: 98,000 gallons
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

% VsA

City of Pinole

Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site: Site

Location:

M5.2

Intersection of Appian Way and Marlesta Rd.

Data Summary Report
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rd City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5.2
Weekly Level, Velocity and Flow Hydrographs
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5.2
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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raa City of Pinole
. d V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5.2
I/l Summary: Event 2

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 2 Detail Graph
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Storm Event I/1 Analysis (Rain = 1.98 inches)
Capacity
Peak Flow: 0.31 mgd
PF: 27.55

Peak Level: 6.14 in
d/D Ratio: 0.77

Inflow / Infiltration

Peak I/1 Rate: 0.31 mgd
Total I/1: 142,000 gallons
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% VsA

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site:

Location:

Site M5.3
1171 Marlesta Rd.

Data Summary Report
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f. City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5.3
Weekly Level, Velocity and Flow Hydrographs
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7~ City of Pinole
2 V&A

Sewer Flow Monitoring & inflow/Infiltration Study
SITE M5.3

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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raa City of Pinole
. d V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5.3
I/l Summary: Event 2

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 2 Detail Graph
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Storm Event I/1 Analysis (Rain = 1.98 inches)

Capacity
Peak Flow: 0.10 mgd
PF: 4.49

Peak Level: 2.10 in
d/D Ratio: 0.35

Inflow / Infiltration

Peak I/1 Rate: 0.08 mgd
Total I/1: 47,000 gallons
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

% VsA

City of Pinole

Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site:

Location:

Site M6.1
Just west of intersection of Bay View Farm Rd. and

Pinon Ave.
Data Summary Report
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rd City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.1
Weekly Level, Velocity and Flow Hydrographs
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.1
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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"aa City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.1
I/l Summary: Event 2

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 2 Detail Graph
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Storm Event I/1 Analysis (Rain = 1.98 inches)
Capacity
Peak Flow: 0.12 mgd
PF: 10.37

Peak Level: 7.18 in
d/D Ratio: 1.20

Inflow / Infiltration

Peak I/1 Rate: 0.10 mgd
Total I/1: 35,000 gallons
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

% VsA

City of Pinole

Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site:

Location:

Site M6.2
Intersection of Pinon Ave. and Primrose Ln.

Data Summary Report
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.9 V&A

City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.2
Weekly Level, Velocity and Flow Hydrographs
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2 V&A

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.2

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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2 V&A

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.2
I/l Summary: Event 2

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 2 Detail Graph
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Storm Event I/1 Analysis (Rain = 1.98 inches)
Capacity
Peak Flow: 0.04 mgd
PF: 2.34
Peak Level: 1.86 in

d/D Ratio: 0.23

Inflow / Infiltration

Peak I/1 Rate:
Total I/1:

0.03 mgd
21,000 gallons
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% VsA

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring

Temporary Monitoring: February 2014

Monitoring Site:

Location:

Site M6.3
Roble Ave., west of Pinon Ave.

Data Summary Report
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f(j City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M6.3

Weekly Level, Velocity and Flow Hydrographs
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.3
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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| City of Pinole
[ 4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.3
I/l Summary: Event 2

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 2 Detail Graph
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Storm Event I/1 Analysis (Rain = 1.98 inches)
Capacity
Peak Flow: 0.72 mgd
PF: 4.43

Peak Level: 5.12 in
d/D Ratio: 0.64

Inflow / Infiltration

Peak I/1 Rate: 0.46 mgd
Total I/1: 198,000 gallons
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

% VsA

City of Pinole

Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site:

Location:

Site M6.4
Intersection of San Pablo Ave. and Rogers Way

Data Summary Report
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fq City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.4
Weekly Level, Velocity and Flow Hydrographs
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7~ City of Pinole
2 V&A

Sewer Flow Monitoring & inflow/Infiltration Study
SITE M6.4

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.4

I/l Summary: Event 2

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 2 Detail Graph
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Storm Event I/1 Analysis (Rain = 1.98 inches)
Capacity
Peak Flow: 0.51 mgd
PF: 6.14
Peak Level: 6.23 in
d/D Ratio: 0.78
Inflow / Infiltration
Peak I/1 Rate: 0.42 mgd
Total I/1: 267,000 gallons
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% VsA

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: February 2014

Monitoring Site:

Location:

Site M6.5
747 Sunnyview Dr.

Data Summary Report
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f(j City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M6.5

Weekly Level, Velocity and Flow Hydrographs
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7~ City of Pinole
L.l V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M6.5

Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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V&A Project No. 13-0276 Appendix E



City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.5
I/l Summary: Event 2

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 2 Detail Graph
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Storm Event I/1 Analysis (Rain = 1.98 inches)
Capacity
Peak Flow: 0.12 mgd
PF: 13.49
Peak Level: 2.97 in
d/D Ratio: 0.37
Inflow / Infiltration
Peak I/1 Rate: 0.11 mgd
Total I/1: 96,000 gallons
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% VsA

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring

Temporary Monitoring: March 2014

Monitoring Site: Site M6

Location:

Data Summary Report

Pinon Ave., north of Bay View Farm Rd.
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6

Weekly Level, Velocity and Flow Hydrographs

Avg Level: 6.18 in.
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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R SR Pipe Diameter: 10  inches
Peak Measured Level: 41.0 inches
Peak d/D Ratio: 4.10

Surcharged 31.0 inches over crown
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.9 V&A

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE 3.1
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph
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03/29

Storm Event I/1 Analysis (Rain = 0.85 inches)

Capacity
Peak Flow: 0.32 mgd
PF: 24.33

Peak Level: 2.61in
d/D Ratio: 0.44

Inflow / Infiltration

Peak I/1 Rate:

Total I/I: 60,000 gallons

V&A Project No. 13-0276
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City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

f

9 VGA

City of Pinole

Sanitary Sewer Flow Monitoring
Temporary Monitoring: March 2014

Monitoring Site: Site M3.1

Location: 830 Meadows Ave.

Data Summary Report
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raa City of Pinole
. d V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M3.1
Weekly Level, Velocity and Flow Hydrographs

Avg Level: 0.74in.  Peak Level: 2.61in.  Min Level: 0.11 in.
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M3.1
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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.9 V&A

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE 3.1A
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph

0.14 +

0.12 +

0.10 +

0.08 -

Flow (mgd)

0.06 -

0.04 +

0.02 ~

0.00

Rain (in/hr)

03/29

Storm Event I/1 Analysis (Rain = 0.85 inches)

Capacity
Peak Flow: 0.15 mgd
PF: 15.37

Peak Level: 5.85 in
d/D Ratio: 0.98

Inflow / Infiltration

Peak I/1 Rate:

Total I/I: 48,000 gallons
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% VsA

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole

Sanitary Sewer Flow Monitoring

Temporary Monitoring: March 2014

Monitoring Site:

Location:

Site M5.2

Intersection of Appian Way and Marlesta Rd.

Data Summary Report
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fq City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5.2
Weekly Level, Velocity and Flow Hydrographs

Avg Level: 2.94in. Peak Level: 7.47 in.  Min Level: 1.90 in.
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5.2
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE 3.1B
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph
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Storm Event I/1 Analysis (Rain = 0.85 inches)
Capacity

Peak Flow: 0.10 mgd
PF: 16.66

Peak Level: 2.03 in
d/D Ratio: 0.34

Inflow / Infiltration

Peak I/1 Rate:
Total I/1:

18,000 gallons
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: March 2014

Monitoring Site:

Location:

Site M5.3

1171 Marlesta Rd.

Data Summary Report
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raa City of Pinole
. d V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5.3
Weekly Level, Velocity and Flow Hydrographs

Avg Level: 0.93 in.  Peak Level: 2.21 in.  Min Level: 0.18 in.
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5.3
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period

7.0 - e 0.0
6.0 domo e B 0.1
0.2
5.0 4
— 0.3 _
S 40 1 £
3 0.4
> 3.0 4 ‘©
g 05 X
2.0 +
0.6
1.0+ 0.7
0.0 } 0.8
o) o
Q Q
19 19
o o
e R Pipe Diameter: 6  inches
Peak Measured Level: 2.21 inches
Peak d/D Ratio: 0.37
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f(j City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE 5.2
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph
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Storm Event I/1 Analysis (Rain = 0.85 inches)
Capacity
Peak Flow: 0.33 mgd
PF: 28.70

Peak Level: 7.47 in
d/D Ratio: 0.93

Inflow / Infiltration

Peak I/1 Rate: 0.31 mgd
Total I/1: 83,000 gallons
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% VsA

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole

Sanitary Sewer Flow Monitoring

Temporary Monitoring: March 2014

Monitoring Site:

Location:

Site M6.3

Data Summary Report

Roble Ave., west of Pinon Ave.
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f(j City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M6.3

Weekly Level, Velocity and Flow Hydrographs

Avg Level: 2.03 in.  Peak Level: 8.07 in.  Min Level: 0.32 in.
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2 V&A

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.3
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE 5.2A
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph
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Storm Event I/1 Analysis (Rain = 0.85 inches)
Capacity
Peak Flow: 0.11 mgd
PF: 11.99
Peak Level: 3.20 in

d/D Ratio: 0.53

Inflow / Infiltration

Peak I/1 Rate:
Total I/1:

0.10 mgd
30,000 gallons

V&A Project No. 13-0276

Appendix F



% VsA

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: March 2014

Monitoring Site: Site M6.5

Location: 747 Sunnyview Dr.

Data Summary Report
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raa City of Pinole
. d V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.5
Weekly Level, Velocity and Flow Hydrographs

Avg Level: 1.42 in. Peak Level: 3.15in.  Min Level: 0.54 in.
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Avg Velocity: 0.72 fps  Peak Velocity: 1.78 fps  Min Velocity: 0.26 fps
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Velocity (fps)

Total Weekly Rainfall: 0.85 inches

0.6

Flow (mgd)
Rain (in/hr)

0.8

1.0

1.2

3/29 3/30
Avg Flow: 0.025 mgd Peak Flow: 0.141 mgd  Min Flow: 0.002 mgd
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.5
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE 5.3
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph
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Flow (mgd)
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0.00

Rain (in/hr)

03/29

Storm Event I/1 Analysis (Rain = 0.85 inches)

Capacity
Peak Flow: 0.13 mgd
PF: 17.01

Peak Level: 2.21in
d/D Ratio: 0.37

Inflow / Infiltration

Peak I/1 Rate:

Total I/I: 33,000 gallons

V&A Project No. 13-0276

Appendix F



City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

% VsA

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: March 2014

Monitoring Site: Site M3.1A

Location: Intersection of Meadow Ave. and Betty Ave.

Data Summary Report
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"aa City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M3.1A
Weekly Level, Velocity and Flow Hydrographs

Avg Level: 3.02 in. Peak Level: 5.85in.  Min Level: 1.85 in.
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Avg Flow: 0.034 mgd Peak Flow: 0.146 mgd  Min Flow: 0.005 mgd
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M3.1A
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE 6.3A
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph

0.35 - 0.0
0.30 A
0.2
0.25 A
0.4
A 0.20 A E
S
T 06 <
) £
o 0.15 A g
0.8
0.10 A
0.05 A
0.00 P
o))
Q
™
o
Storm Event I/1 Analysis (Rain = 0.85 inches)
Capacity
Peak Flow: 0.30 mgd
PF: 61.48

Peak Level: 3.15 in
d/D Ratio: 0.53

Inflow / Infiltration

Peak I/1 Rate:

Total I/I: 29,000 gallons

V&A Project No. 13-0276
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

% VsA

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: March 2014

Monitoring Site: Site M3.1B

Location: Intersection of Meadow Ave. and Nob Hill Ave.

Data Summary Report
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raa City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M3.1B

Weekly Level, Velocity and Flow Hydrographs

Avg Level: 0.97 in.  Peak Level: 2.03 in.  Min Level: 0.37 in.

Sat Sun

10 4 Lev
9
8
7
6
5_
4 4
3 4
2

1_m

0 -

Level (in)

Avg Velocity: 0.85 fps  Peak Velocity: 2.62 fps  Min Velocity: 0.10 fps

3.0

2.5

2.0 A

1.5 ~

Velocity (fps)

1.0 A

0.5 +

0.0

Total Weekly Rainfall: 0.85 inches

0.12 4 I Rain Flow ------- BLFlow
0.10 + 4 0.2
= 0.08 - 04 —
©0 <
£ £
— 0.06 A 06 =
B3 c
° ‘©
L 0.04 - 08 x
0.02 - 1.0
0.00 ¥ 1.2

3/29 3/30
Avg Flow: 0.015 mgd Peak Flow: 0.095 mgd  Min Flow: 0.001 mgd
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d City of Pinole
O | V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M3.1B
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period

7.0 - e 0.0
6.0 domo e B 0.1
0.2
5.0 4
— 0.3 _
S 40 1 £
3 0.4
> 3.0 4 ‘©
g 05 X
2.0 +
0.6
1.0 - 0.7
0.0 } 0.8
o) o
Q Q
19 19
o o
e R Pipe Diameter: 6  inches
Peak Measured Level: 2.03 inches
Peak d/D Ratio: 0.34

V&A Project No. 13-0276 Appendix F



.9 V&A

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE 6.3B
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph
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Storm Event I/1 Analysis (Rain = 0.85 inches)
Capacity
Peak Flow: 0.06 mgd
PF: 16.12
Peak Level: 1.26 in

d/D Ratio: 0.16

Inflow / Infiltration

Peak I/1 Rate:
Total I/1:

12,000 gallons

V&A Project No. 13-0276

Appendix F



% VsA

City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole

Sanitary Sewer Flow Monitoring
Temporary Monitoring: March 2014

Monitoring Site:

Location:

Site M5.2A

1367 Marlesta Rd.

Data Summary Report
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f(j City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M5.2A

Weekly Level, Velocity and Flow Hydrographs

Avg Level: 1.64 in.  Peak Level: 3.20 in.  Min Level: 0.60 in.
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M5.2A
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE 6.3
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph
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Storm Event I/1 Analysis (Rain = 0.85 inches)
Capacity
Peak Flow: 1.00 mgd
PF: 11.12
Peak Level:  8.07 in
d/D Ratio: 1.01
Inflow / Infiltration
Peak I/1 Rate: 0.88 mgd
Total I/1: 230,000 gallons
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

% VsA

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: March 2014

Monitoring Site: Site M6.0A

Location: Intersection of Roble Ave. and Pinon Ave.

Data Summary Report
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raa City of Pinole
. d V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.0A
Weekly Level, Velocity and Flow Hydrographs

Avg Level: 2.08 in.  Peak Level: 7.24 in.  Min Level: 0.77 in.
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.0A
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE 6.0A
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph
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Storm Event I/1 Analysis (Rain = 0.85 inches)

Capacity
Peak Flow: 1.09 mgd
PF: 19.03

Peak Level: 7.24 in
d/D Ratio: 0.72

Inflow / Infiltration

Peak I/1 Rate: 1.00 mgd
Total I/1: 339,000 gallons
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

% VsA

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: March 2014

Monitoring Site: Site M6.3A

Location: Intersection of San Pablo Ave. and 5th Ave.

Data Summary Report
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raa City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M6.3A

Weekly Level, Velocity and Flow Hydrographs

Avg Level: 0.53 in.  Peak Level: 3.15in.  Min Level: 0.30 in.
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d City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.3A
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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City of Pinole
Sewer Flow Monitoring & inflow/Infiltration Study

SITE 6
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph
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Storm Event I/1 Analysis (Rain = 0.85 inches)
Capacity

Peak Flow: 1.32 mgd
PF: 8.09

Peak Level: 41.01 in
d/D Ratio: 4.10

Inflow / Infiltration

Peak I/1 Rate:
Total I/1:

408,000 gallons
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

City of Pinole
Sanitary Sewer Flow Monitoring

Temporary Monitoring: March 2014

Monitoring Site: Site M6.3B

Location:

Data Summary Report

Intersection of San Pablo Ave. and Roble Ave.
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raa City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M6.3B

Weekly Level, Velocity and Flow Hydrographs

Avg Level: 0.56 in.  Peak Level: 1.26 in.  Min Level: 0.23 in.
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f} City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.3B
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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R B Pipe Diameter: 8  inches
Peak Measured Level: 1.26 inches
Peak d/D Ratio: 0.16
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

SITE 6.5
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph
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Storm Event I/1 Analysis (Rain = 0.85 inches)

Capacity
Peak Flow: 0.14 mgd
PF: 18.00

Peak Level: 3.15 in
d/D Ratio: 0.39

Inflow / Infiltration

Peak I/1 Rate:

Total I/I: 33,000 gallons

V&A Project No. 13-0276
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City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

% VsA

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: March 2014

Monitoring Site: Site M6.5A

Location: Intersection of Sunnyview Dr. and Patrick Dr.

Data Summary Report
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raa City of Pinole
. d V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.5A
Weekly Level, Velocity and Flow Hydrographs

Avg Level: 0.58 in.  Peak Level: 1.32in.  Min Level: 0.01 in.
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f} City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.5A
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period
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Peak Measured Level: 1.32 inches
Peak d/D Ratio: 0.17
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f(j City of Pinole
| V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE 6.5A
I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph
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Storm Event I/1 Analysis (Rain = 0.85 inches)
Capacity
Peak Flow: 0.03 mgd
PF: 11.06

Peak Level: 1.32 in
d/D Ratio: 0.17

Inflow / Infiltration

Peak I/1 Rate: 0.03 mgd
Total I/1: 5,000 gallons

V&A Project No. 13-0276 Appendix F



City of Pinole

Sewer Flow Monitoring & inflow/Infiltration Study

% VsA

City of Pinole
Sanitary Sewer Flow Monitoring
Temporary Monitoring: March 2014

Monitoring Site: Site M6.5B

Location: Intersection of Sunnyview Dr. and Nob Hill Ave.

Data Summary Report
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raa City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE M6.5B

Weekly Level, Velocity and Flow Hydrographs

Avg Level: 0.39 in.  Peak Level: 1.12in.  Min Level: 0.10 in.
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f} City of Pinole
a4 V&A Sewer Flow Monitoring & inflow/Infiltration Study

SITE M6.5B
Site Capacity and Surcharge Summary

Realtime Flow Levels with Rainfall Data over Monitoring Period

9.0 ~ 0.0
8.0 4 0.1
7.0 0.2
6.0 + 03
c T
= 5.0 4 =
S 40 -
-V ] @©
ht 05 X
3.0 4
20 4 0.6
1.0 4 0.7
0.0 0.8
o
N
%)
o
R B Pipe Diameter: 7.75  inches
Peak Measured Level: 1.12 inches
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g | City of Pinole
[ 4 V&A Sewer Flow Monitoring & inflow/Infiltration Study
SITE 6.5B

I/l Summary: Event 3

Baseline and Realtime Flows with Rainfall Data over Monitoring Period

Event 3 Detail Graph
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Storm Event I/1 Analysis (Rain = 0.85 inches)
Capacity
Peak Flow: 0.04 mgd
PF: 11.78

Peak Level: 1.12 in
d/D Ratio: 0.14

Inflow / Infiltration

Peak I/1 Rate: 0.03 mgd
Total I/1: 3,000 gallons
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Flow Monitoring Site M1, Dry Weather Flow Calibration
Location: Pinole valley Road just south of Highway 8o

| Measured Pipeline Diameter: 15"

Model Manhole ID: MH_1277

Model Pipe ID: P_691
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Hour

Hour
Model Calibration Summary

Measured Data™ Percent Error?

Modeled Data |

Avg. Peak Avg. Peak Avg. Peak

Flow  Flow®? | Flow  Flow®  Flow Flow

(mgd)  (mgd) | (mgd) (mgd) | (%) (%)

Mon. 0.46 0.77 0.47 0.75 2% -2%
Tues. 0.46 0.77 0.47 0.75 2% -2%
Wed. 0.46 0.77 0.47 0.75 2% -2%
Thur. 0.46 0.77 0.47 0.75 2% -2%
Fri. 0.46 0.77 0.47 0.75 2% -2%

Sat. 0.50 0.91 0.50 0.91 1% 0%
Sun. 0.50 0.91 0.51 0.91 2% 0%

Summary
WEEIGEW

Weekend
ADWF¥

Notes:

1. Source: V&A Temporary Flow Monitoring Program

2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Flow Monitoring Site M2, Dry Weather Flow Calibration
Location: Tennent Avenue just outside WPCP

Measured Pipeline Diameter: 30"

Model Manhole ID: MH_1106

Model Pipe ID: P_868
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Weekday Diurnal Pattern . Weekend Diurnal Pattern
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Hour Hour
Model Calibration Summary
Measured Data®™ Modeled Data | Percent Error®
Avg. Peak Avg. Peak Avg. Peak
Flow  Flow® | Flow  Flow®  Flow Flow
(mgd)  (mgd) | (mgd) (mgd) | (%) (%)
Mon. 1.11 1.51 1.13 1.65 2% 9%
Tues. 1.11 1.51 1.13 1.65 2% 9%
Wed. 1.11 1.51 1.13 1.65 2% 9%
Thur. 1.11 1.51 1.13 1.65 2% 9%
Fri. 1.11 1.51 1.13 1.65 2% 9%
Sat. 1.10 1.63 1.21 2.01 10% 23%
Sun. 1.10 1.63 1.21 2.02 10% 23%

Summary
WEEIGEW

Weekend
ADWF¥

Notes:

1. Source: V&A Temporary Flow Monitoring Program
2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Flow Monitoring Site M3, Dry Weather Flow Calibration

Location: San Pablo Lift Station (San Pablo Avenue west of Sunnyview Drive)
| Measured Pipeline Diameter: N/A"

Model Manhole ID: SAN_PABLO

Model Pipe ID: San_Pablo
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Model Calibration Summary
Measured Data" Modeled Data | Percent Error®
Avg. Peak Avg. Peak Avg. Peak
Flow  Flow® Flow  Flow® Flow Flow
(mgd)  (mgd) | (mgd) (mgd) | ©6) ()
Mon. 0.07 0.10 0.07 0.10 1% 2%
Tues. 0.07 0.10 0.07 0.10 1% 2%
Wed. 0.07 0.10 0.07 0.10 1% 2%
Thur. 0.07 0.10 0.07 0.10 1% 2%
Fri. 0.07 0.10 0.07 0.10 1% 2%
Sat. 0.07 0.11 0.07 0.11 1% 1%
Sun. 0.07 0.11 0.07 0.11 1% 1%

Summary
Weekday | 0.067

Weekend 0.068
ADWF* | 0.067

Notes:

1. Source: V&A Temporary Flow Monitoring Program

2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Flow Monitoring Site Mg, Dry Weather Flow Calibration

Location: Hazel Lift Station (In easement at west end of Hazel Street)
Measured Pipeline Diameter: N/A"

Model Manhole ID: MH_1175

Model Pipe ID: P_428
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Model Calibration Summary
Measured Data®™

Modeled Data | Percent Error®

Avg. Peak Avg. Peak Avg. Peak

Flow  Flow® | Flow  Flow®  Flow Flow

(mgd)  (mgd) | (mgd) (mgd) | (%) (%)

Mon. 0.13 0.21 0.13 0.22 5% 3%
Tues. 0.13 0.21 0.13 0.22 5% 3%
Wed. 0.13 0.21 0.13 0.22 5% 3%
Thur. 0.13 0.21 0.13 0.22 5% 3%
Fri. 0.13 0.21 0.13 0.22 5% 3%

Sat. 0.14 0.20 0.14 0.21 4% 4%

Summary

Weekday | 0.126

Weekend | 0.136

ADWF¥

Notes:

0.129

1. Source: V&A Temporary Flow Monitoring Program

2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

0.05
0.04
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0.02

Flow (mgd)

0.01

0.00

Flow Monitoring Site M5, Dry Weather Flow Calibration
Location: Appian Way south of San Pablo Avenue
Measured Pipeline Diameter: 7.25"
Model Manhole ID: MH_497

Model Pipe ID: P_101
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Model Calibration Summary

Measured Data" Percent Error®

Modeled Data |

Avg. Peak Avg. Peak Avg. Peak

Flow Flow® Flow Flow® Flow Flow

(mgd)  (mgd) | (mgd) (mgd) (%) (%)

Mon. 0.02 0.04 0.02 0.04 -1% -1%
Tues. 0.02 0.04 0.02 0.04 -1% -1%
Wed. 0.02 0.04 0.02 0.04 -1% -1%
Thur. 0.02 0.04 0.02 0.04 -1% -1%
Fri. 0.02 0.04 0.02 0.04 -1% -1%

Sat. 0.02 0.04 0.02 0.04 -1% 0%
Sun. 0.02 0.04 0.02 0.04 -1% 0%

Summary
WEEIGEW

Weekend
ADWF"

Notes:

1. Source: V&A Temporary Flow Monitoring Program

2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Flow Monitoring Site M6, Dry Weather Flow Calibration
Location: Pinon Avenue north of Bay View Farm Road

Measured Pipeline Diameter: 10"
Model Manhole ID: MH_1143
Model Pipe ID: P_755
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Model Calibration Summary
Measured Data" Modeled Data | Percent Error®
Avg. Peak Avg. Peak Avg. Peak
Flow  Flow® Flow  Flow® Flow Flow
(mgd)  (mgd) | (mgd) (mgd) | ©6) ()
Mon. 0.17 0.23 0.16 0.24 -4% 1%
Tues. 0.17 0.23 0.16 0.24 -4% 1%
Wed. 0.17 0.23 0.16 0.24 -4% 1%
Thur. 0.17 0.23 0.16 0.24 -4% 1%
Fri. 0.17 0.23 0.16 0.24 -4% 1%
Sat. 0.19 0.30 0.17 0.28 -7% -6%
Sun. 0.19 0.30 0.18 0.28 -7% -6%

Summary
Weekday | o0.172

Weekend | 0.189
ADWF® | 0.177

Notes:

1. Source: V&A Temporary Flow Monitoring Program

2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Flow Monitoring Site M7, Dry Weather Flow Calibration
Location: Intersection of Orleans Drive and Zoe Court

| Measured Pipeline Diameter: 15"

Model Manhole ID: MH_1093

Model Pipe ID: P_212
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Model Calibration Summary
Measured Data™ Modeled Data | Percent Error®

Avg. Peak Avg. Peak Avg. Peak

Flow  Flow® | Flow  Flow®  Flow Flow

(mgd)  (mgd) | (mgd) (mgd) | (%) (%)

Mon. 0.36 0.54 0.33 0.49 -7% -10%
Tues. 0.36 0.54 0.33 0.49 -7% -10%
Wed. 0.36 0.54 0.33 0.49 -7% -10%
Thur. 0.36 0.54 0.33 0.49 -7% -10%
Fri. 0.36 0.54 0.33 0.49 -7% -10%

Sat. 0.38 0.60 0.36 0.55 -6% -9%

Summary
WEEIGEW

Weekend
ADWF¥

Notes:

1. Source: V&A Temporary Flow Monitoring Program
2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Flow Monitoring Site M8, Dry Weather Flow Calibration
Location: Henry Avenue west of Pinole Valley Road
Measured Pipeline Diameter: 7.75"

Model Manhole ID: MH_230

Model Pipe ID: P_g22

0.02
5 0.02
3
= 0.01
2
o
L 0.01 A
0.00 T T T T T T
Mon Tues Wed Thurs Fri Sat Sun
Days ===Modeled Flow === Measured Flow
Weekday Diurnal Pattern Weekend Diurnal Pattern
2.5
2.0
2 ks
a a
= = 1.5 o
=} =]
= =
< <1.0 1
2 2
) [e]
T T
0.5
0.0 -
o0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
Hour Hour
Model Calibration Summary
Measured Data® Modeled Data | Percent Error®
Avg. Peak Avg. Peak Avg. Peak
Flow  Flow® | Flow  Flow®  Flow Flow
(mgd)  (mgd) | (mgd) (mgd) | (%) (%)
Mon. 0.01 0.01 0.01 0.01 -3% -7%
Tues. 0.01 0.01 0.01 0.01 -3% -7%
Wed. 0.01 0.01 0.01 0.01 -3% -7%
Thur. 0.01 0.01 0.01 0.01 -3% -7%
Fri. 0.01 0.01 0.01 0.01 -2% -7%
Sat. 0.01 0.01 0.01 0.01 0% -11%
Sun. 0.01 0.01 0.01 0.01 -1% -11%

Summary
WEEIGEW

Weekend
ADWF¥

Notes:

1. Source: V&A Temporary Flow Monitoring Program

2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Flow Monitoring Site Mg, Dry Weather Flow Calibration
Location: Intersection of Henry Avenue and Pinole Valley Road
Measured Pipeline Diameter: 6"

Model Manhole ID: MH_234

Model Pipe ID: P_278
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Model Calibration Summary
Measured Data®™ Modeled Data | Percent Error®
Avg. Peak Avg. Peak Avg. Peak
Flow  Flow® | Flow  Flow®  Flow Flow
(mgd)  (mgd) | (mgd) (mgd) | (%) (%)
Mon. 0.00 0.01 0.00 0.01 -7% -8%
Tues. 0.00 0.01 0.00 0.01 -7% -8%
Wed. 0.00 0.01 0.00 0.01 -7% -8%
Thur. 0.00 0.01 0.00 0.01 -7% -8%
Fri. 0.00 0.01 0.00 0.01 -7% -8%
Sat. 0.00 0.01 0.00 0.01 -7% -8%
Sun. 0.00 0.01 0.00 0.01 -7% -8%

Summary
Weekday | o0.004

Weekend | o0.005
ADWF¥ | 0.004

Notes:

1. Source: V&A Temporary Flow Monitoring Program
2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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Flow Monitoring Site M1o, Dry Weather Flow Calibration
Location: Intersection of Tennent Avenue and Prune Street

| Measured Pipeline Diameter: 8"
Model Manhole ID: MH_143
Model Pipe ID: P_355
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Model Calibration Summary
Measured Data®™ Modeled Data | Percent Error®
Avg. Peak Avg. Peak Avg. Peak
Flow  Flow® | Flow  Flow®  Flow Flow
(mgd)  (mgd) | (mgd) (mgd) | (%) (%)
Mon. 0.08 0.13 0.08 0.13 -1% -1%
Tues. 0.08 0.13 0.08 0.13 -1% -1%
Wed. 0.08 0.13 0.08 0.13 -1% -1%
Thur. 0.08 0.13 0.08 0.13 -1% -1%

Fri. 0.08 0.13 0.08 0.13 -1% -1%

Sat. 0.09 0.15 0.09 0.15 -2% -1%

Sun. 0.09 0.15 0.09 0.15 -1% -1%

Summary
Weekday | 0.083

Weekend | o0.090
ADWF“ | 0.085

Notes:

1. Source: V&A Temporary Flow Monitoring Program

2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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Flow Monitoring Site M11, Dry Weather Flow Calibration
Location: Intersection of Pinole Valley Road and Rafaela Street
| Measured Pipeline Diameter: 10"

Model Manhole ID: MH_1220

Model Pipe ID: P_233
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Model Calibration Summary
Measured Data®™ Modeled Data | Percent Error®
Avg. Peak Avg. Peak Avg. Peak
Flow  Flow® | Flow  Flow®  Flow Flow
(mgd)  (mgd) | (mgd) (mgd) | (%) (%)
Mon. 0.02 0.03 0.02 0.03 -3% -3%
Tues. 0.02 0.03 0.02 0.03 -3% -3%
Wed. 0.02 0.03 0.02 0.03 -3% -3%
Thur. 0.02 0.03 0.02 0.03 -3% -3%
Fri. 0.02 0.03 0.02 0.03 -3% -3%
Sat. 0.02 0.03 0.02 0.03 -3% -3%

Summary
Weekday | 0.018

Weekend 0.016
ADWF¥ | o0.017

Notes:

1. Source: V&A Temporary Flow Monitoring Program

2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Flow Monitoring Site M13, Dry Weather Flow Calibration
Location: San Pablo Avenue just west of Quinan Street
Measured Pipeline Diameter: 6"

Model Manhole ID: MH_1369

Model Pipe ID: P_351
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Model Calibration Summary

Measured Data™ Modeled Data | Percent Error®

Avg. Peak Avg. Peak Avg. Peak

Flow  Flow® | Flow  Flow®  Flow Flow

(mgd)  (mgd) | (mgd) (mgd) | (%) (%)

Mon. 0.06 0.07 0.06 0.07 0% 0%
Tues. 0.06 0.07 0.06 0.07 0% 0%
Wed. 0.06 0.07 0.06 0.07 0% 0%
Thur. 0.06 0.07 0.06 0.07 0% 0%
Fri. 0.06 0.07 0.06 0.07 0% 0%

Sat. 0.06 0.08 0.06 0.08 0% 0%
Sun. 0.06 0.08 0.06 0.08 0% 0%

Summary
WEEIGEW

Weekend
ADWF¥

Notes:

1. Source: V&A Temporary Flow Monitoring Program

2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Flow Monitoring Site M14, Dry Weather Flow Calibration
Location: Intersection of Tennent Avenue and Park Street
Measured Pipeline Diameter: 8"
Model Manhole ID: MH_1010
Model Pipe ID: P_g98
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Summary
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Notes:
1. Source: V&A Temporary Flow Monitoring Program
2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.

0.041

0.044
0.042

3. Percent Error = (Modeled - Measured) /Measured x 100
4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Flow Monitoring Site M15, Dry Weather Flow Calibration

Location: Tennent Avenue south of the train tracks west of Fernandez Park
Measured Pipeline Diameter: 6"

Model Manhole ID: MH_1012

Model Pipe ID: P_885
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Model Calibration Summary

Measured Data"™ Modeled Data | Percent Error®

Avg. Peak Avg. Peak Avg. Peak

Flow Flow® Flow Flow® Flow Flow

(mgd)  (mgd) | (mgd)  (mgd) (%) (%)

Mon. 0.01 0.02 0.01 0.02 -2% -3%
Tues. 0.01 0.02 0.01 0.02 -2% -3%
Wed. 0.01 0.02 0.01 0.02 -2% -3%
Thur. 0.01 0.02 0.01 0.02 -2% -3%
Fri. 0.01 0.02 0.01 0.02 -2% -3%
Sat. 0.02 0.04 0.02 0.04 -2% -3%

Summary
WEEIGEW

Weekend
ADWF"

Notes:

1. Source: V&A Temporary Flow Monitoring Program

2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Flow Monitoring Site M16, Dry Weather Flow Calibration
Location: Tennent Avenue north of Orleans Drive

| Measured Pipeline Diameter: 11.5"

Model Manhole ID: MH_1107

Model Pipe ID: P_986
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Model Calibration Summary
Measured Data®™ Modeled Data | Percent Error®
Avg. Peak Avg. Peak Avg. Peak
Flow  Flow® | Flow  Flow®  Flow Flow
(mgd)  (mgd) | (mgd) (mgd) | %) ()
Mon. 0.08 0.12 0.08 0.12 1% -4%
Tues. 0.08 0.12 0.08 0.12 1% -4%
Wed. 0.08 0.12 0.08 0.12 1% -4%
Thur. 0.08 0.12 0.08 0.12 1% -4%
Fri. 0.08 0.12 0.08 0.12 1% -4%
Sat. 0.09 0.17 0.09 0.16 -3% -4%

Summary
Weekday | 0.083

Weekend | o0.091
ADWF“ | 0.086

Notes:

1. Source: V&A Temporary Flow Monitoring Program

2. Peak flow is the hourly average hourly peak flow, which was derived based on the 15-minute flow data from V&A.
3. Percent Error = (Modeled - Measured) /Measured x 100

4. ADWF = (5xWeekday Average + 2xWeekend Average)/7
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Appendix C
WET WEATHER FLOW CALIBRATION SHEETS
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Location: Tennent Avenue just outside WPCP
Measured Pipeline Diameter:30”

M2 Wet Weather Calibration
Model Pipe ID: P_868
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Location: San Pablo Lift Station (San Pablo Avenue west of Sunnyview Drive)

Measured Pipeline Diameter: N/A
Model Pipe ID: SAN_PABLO

M3 Wet Weather Calibration
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Location: Appian Way south of San Pablo Avenue
Measured Pipeline Diameter: 7.25"

M5 Wet Weather Calibration
Model Pipe ID: P_101
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Location: Pinon Avenue north of Bay View Farm Road

Measured Pipeline Diameter: 10"

M6 Wet Weather Calibration
Model Pipe ID: P_755
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M7 Wet Weather Calibration

Location: Intersection of Orleans Drive and Zoe Court

Measured Pipeline Diameter: 15”

Model Pipe ID: P_212
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[N Rain

M8 Wet Weather Calibration

Location: Henry Avenue west of Pinole Valley Road

Measured Pipeline Diameter: 7.75

Model Pipe ID: P_922
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

M9 Wet Weather Calibration

Location: Intersection of Henry Avenue and Pinole Valley Road

Measured Pipeline Diameter: 6”

Model Pipe ID: P_278
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[N Rain

M10 Wet Weather Calibration

Location: Intersection of Tennent Avenue and Prune Street

Measured Pipeline Diameter: 8”

Model Pipe ID: P_355
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Location: Intersection of Pinole Valley Road and Rafaela Street

Measured Pipeline Diameter: 10”

M11 Wet Weather Calibration
Model Pipe ID: P_233

(se1nulw-ST/saydul) uiey (s@1nuIW-ST/saydul) uley
8 3 8 & § 5 & R 3 8 3 8 & § & & R 3
o o o o o o o o o o o o o o o o o o
I I I I I I - .nm\m I I I I I I . Hm\m
o ogge — &f‘; offE
(343 B 6¢/¢
Mﬁwm\m 2 gz/t
? ¥
— =, — g
Jm lz[E .W = X Lz[e
— — M. 92/t
Sz/e > Sz/e
Yz/€ L Yzle
€z/€ D €z/€
(4413 » [44]3
Te/€ T2/t
oz/€ = oz/€
6T/€ o > 61/€
©
gr/e 2 = 8T/e
3
e g — Lrje
o
or/e = n ] 9T/t
St/€ St/€
Y1/€ = /€
€1/ 1= €1/€
(47913 > zT/€
TT/€ =] /€
ot/€ -3 ot/t
6/ m ] 6/€
8/€ T > 8/t
©
e © L€
< i 3
toe 32 - 9/¢
3
SlE = > 73
W,W, /€ 2 73
hw., g/e =1 €/€
s o
A zfE z/€
% [N
A T/E 713 /€
—_ c m‘.ﬁw
———1 gt 3 > 1> ge/e
b .
| - 2 14 - > lzfT
- | 2 .
9t/ ] 9t/
Szl w Szjz
Y1zfe W = efe
<
13414 " Dk X414
)
(4414 m 3 zzfT
1Z/T > T/t
ozft > ozt
61/ 61/
ﬁ 8T/t ;MU 8T/t
yAd(4 > JAdk4
9t/ . D 91/
St/ m » St/
Y1/ _ hadid
€1/t 1 = €1/
o
[aqk4 s = [49}4
(V)]
T/t c L /2
4 2 = E
21 o1/t 5 Fa ot/t
— L < O - (..!Hl-l-
u., 6/z - - b1 6/z
— | o — ~Te_ |
= - 8/t i - g/z
7 ()] %
Lz .W Lz
(8 [~ AN
.& L 9/z - w, 6 r . e
S e g
Slc = m 5 k4
2 >
L Y/ = © r Yz
o < m —
€/ FH o P % 2 €/t
(414 S a < o 3 1454
35 € o A
1[4 = By S n 1T
o o o o o (e o 4+ il o ml Al o el o wn o
© o 1 & b o ) o € 9 g N N - A o Q
o <) [} o [} [} o = S 5 = [} [} S} S [} [}
(pBw) moj4 nw B 23 (pBw) mo|4
— m v O
> a3 =z =

FINAL | SEPTEMBER 2022 | C-11

Modeled Data

Measured Data

-----—- ADWF

[ Rain






SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

M14 Wet Weather Calibration

Location: Intersection of Tennent Avenue and Park Street

Measured Pipeline Diameter: 8”

Model Pipe ID: P_998
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------- ADWF

[N Rain

M15 Wet Weather Calibration

Location: Tennent Avenue south of the train tracks west of Fernandez Park

Measured Pipeline Diameter: 6”

Model Pipe ID: P_885
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

M16 Wet Weather Calibration

Location: Tennent Avenue north of Orleans Drive

Measured Pipeline Diameter: 11.5”

Model Pipe ID: P_986
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[N Rain

M3.1 Wet Weather Calibration

Location: 830 Meadows Avenue

Measured Pipeline Diameter: 6”

Model Pipe ID: P_60
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Measured Pipeline Diameter: 6”

Location: 830 Meadows Avenue
Model Pipe ID: P_61

M3.2 Wet Weather Calibration
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Location: Intersection of Appian Way and Marlesta Road

Measured Pipeline Diameter: 8”

M5.2 Wet Weather Calibration
Model Pipe ID: P_128
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Location: Just west of the intersection of Bay View Farm Road and Pinon Avenel

Measured Pipeline Diameter: 6”

M6.1 Wet Weather Calibration
Model Pipe ID: P_219
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

M6.3 Wet Weather Calibration

Location: Roble Avenue west of Pinon Avenue

Measured Pipeline Diameter: 8”

Model Pipe ID: P_88
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M6.4 Wet Weather Calibration

Location: Intersection of San Pablo Avenue and Rogers Way

Measured Pipeline Diameter: 8”

Model Pipe ID: P_32
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Measured Pipeline Diameter: 8”

Location: 747 Sunnyview Drive
Model Pipe ID: P_28

M6.5 Wet Weather Calibration
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Location: Intersection of Meadow Avenue and Betty Avenue

Measured Pipeline Diameter: 6”

M3.1A Wet Weather Calibration
Model Pipe ID: P_57
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M3.1B Wet Weather Calibration

Location: Intersection of Meadow Avenue and Nob Hill Avenue

Measured Pipeline Diameter: 6”

Model Pipe ID: P_53
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M5.2A Wet Weather Calibration

Location: 1367 Marlesta Road

Measured Pipeline Diameter: 6”

Model Pipe ID: P_40

(s@1nuIW-ST/saydul) uley

- \WM.W
IAN
E >
4
Z]
3
2
by
2
: Z
Z
3 =
L5
2
<4
2
2
B
2
=
=]
=,
r —
3]
3
X =
o o o A_umrr_.wu.\so_u_ o [} o

T€/€
1513
6z/¢
gz/t
lzjt
9z/¢
Sz/e
Yzle
€z/t
(4413
TZ/€
oz/€
61/€
8T/e
JAJLS
9T/t
St/€
/€
€1/€
zT/€
TT/C
ot/t
6/€

8/€

L€

9/€

S/E

/€

€/

(413

/€

8zt
lz]t
92/t
Szjz
Yzl
€z/t
zzfT
1Z/T
ozft
61/
8T/t
JAdk4
9T/z
Stz
hadid
€1/
414
T/t
ot/z
6/t

8/t

Lz

9/

Sz

Y|z

€/t

44

T/t

Modeled Data

Measured Data

-----—- ADWF

[ Rain

FINAL | SEPTEMBER 2022 | C-27






SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

M6.0A Wet Weather Calibration

Location: Intersection of Roble Avenue and Pinon Avenue

Measured Pipeline Diameter: 10”

Model Pipe ID: P_520
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M6.3A Wet Weather Calibration

Location: Intersection of San Pablo Avenue and 5th Avenue

Measured Pipeline Diameter: 6”

Model Pipe ID: P_1
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M6.3B Wet Weather Calibration
Location: Intersection of San Pablo Avenue and Roble Avenue
Measured Pipeline Diameter: 8”

Model Pipe ID: P_195
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M6.5A Wet Weather Calibration

Location: Intersection of Sunnyview Drive and Patrick Drive
Measured Pipeline Diameter: 7.75"

Model Pipe ID: P_27
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SANITARY SEWER MASTER PLAN UPDATE | CITY OF PINOLE

Location: Intersection of Sunnyview Drive and Nob Hill Avenue

Measured Pipeline Diameter: 7.75"

M6.5B Wet Weather Calibration
Model Pipe ID: P_20
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SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: Pinon-1
Project Name: Gravity Main along Pinon Ave, Orleans Ave, Roble Ave, and San Pablo Ave
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of approximately 1,050 feet of 8-inch diameter pipeline along
San Pablo Avenue, approximately 740 feet of 8-inch diameter pipeline along Roble Avenue,
approximately 1,500 feet of 8-inch to 10-inch diameter pipeline along Pinon Avenue, approximately
520 feet of 12-inch diameter pipeline between Pinon Avenue and Orleans Avenue and approximately
1,160 feet of 8-inch to 15-inch diameter pipeline along Orleans Avenue. The surcharging of the gravity
sewer cause SSO’s under PWWF conditions. To mitigate SSO's occurring during PWWF conditions, it
is recommended that the existing pipeline be replaced with pipelines ranaing in size from 12-inch to

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (ft) (s/ft) (€3] (€3] (€3] Schedule
Gravity Main 8-15 12-24 Replace 4,970 #N/A  $ 2,419,000 $ 3,145,000 $ 4,482,000 2022
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14,452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation:
Reimbursement Category Percent Cost ($)

Project Detail:

Legend

B uiftstation Project
Existing Users 97% $ 4,339,000
Future Users 3% $ 143,000
Total 100%  $ 4,482,000

Notes on Cost Estimation:

This project is an existing improvement. A cost percentage has been
assigned to future users as a combination of existing and future users
contribute to the deficiency.




SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: Pinon-2
Project Name: Gravity Main along San Pablo Ave, Pinon Ave, Appian Way, and Meadow Ave
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of approximately 820 feet of 6-inch to 10-inch diameter pipeline
along San Pablo Avenue, approximately 68o feet of 8-inch to 10-inch diameter pipeline along Pinon
Avenue, approximately 8go feet of 6-inch to 8-inch diameter pipeline along Appian Way,
approximately 290 feet of 6-inch diameter pipeline along Meadow Avenue, and approximately 290
feet of 6-inch diameter pipeline between Meadow Avenue and San Pablo Avenue. The surcharging of
the gravity sewer cause SSO’s under PWWF conditions. To mitigate SSO’s occurring during PWWF
conditions, it is recommended that the existing pipeline be replaced with pipelines ranaing in size

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (ft) (s/ft) (€3] (€3] (€3] Schedule
Gravity Main 6-10 10-15 Replace 2,970 #N/A $ 1,007,000 $ 1,310,000 $ 1,866,000 2023
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14,452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation: Project De
e et

tail:

& Legend
/

Reimbursement Category Percent Cost ($) [ ——
Existing Users 100%  $ 1,858,000 e
Future Users 0% $ 8,000 S

Total 100%  $ 1,866,000

| Pincn Project

Notes on Cost Estimation:

This project is an existing improvement. A cost percentage has been
assigned to future users as a combination of existing and future users
contribute to the deficiency.

== San Pablo FM Project
P e S0ULH Project

o — st Project




SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: Tennent-1
Project Name: Gravity Main along Tennent Ave and at the WWTP
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of approximately 130 feet of 24-inch diameter pipeline, 1,250
feet of 30-inch diameter pipeline, and approximately 10 feet of 36-inch diameter pipeline along
Tennent Avenue and inside of the WPCP. The surcharging of the gravity sewer cause SSO’s upstream
under PWWEF conditions. To mitigate the risk of SSO’s occurring during PWWF conditions, it is
recommended that the existing pipeline be replaced with pipelines ranging in size from 36-inch to 42-
inch diameter pipeline.

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |[Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (9] ($/ft) (€3] (€3] (€3] Schedule
Gravity Main 24-36 36-42 Replace 1,390 #NJ/A  $ 1,438,000 $ 1,870,000 $ 2,664,000 2027-2031
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation: Project Detail:

Legend

Reimbursement Category Percent Cost (%) e st et
Existing Users 97%  $ 2,582,000 et
Future Users 3% $ 82,000

Total 100%  $ 2,664,000 [N C S PN T SR Sl wm e

Notes on Cost Estimation:

This project is an existing improvement. A cost percentage has been
assigned to future users as a combination of existing and future users
contribute to the deficiency.

=== San Pablo FM Project
— South Project
— Summit Project

e Ternent Project

« carclio



SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: Tennent-2
Project Name: Gravity Main along Tennent Ave
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of approximately 3,360 feet of 18-inch diameter pipeline along
Tennent Avenue. The surcharging of the gravity sewer cause SSO’s under PWWF conditions. To
mitigate the risk of SSO’s occurring during PWWEF conditions, it is recommended that the existing
pipeline be replaced with pipelines ranging in size from 24-inch to 36-inch diameter pipeline.

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |[Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (9] ($/ft) (€3] (€3] (€3] Schedule
Gravity Main 18 24-36 Replace 3,360 #NJ/A ¢ 2,288,000 $ 2,975000 $ 4,239,000 2027-2031
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation:

Reimbursement Category Percent Cost () A RN N .
Existing Users 92% $ 3,895,000 o . ' o
Future Users 8% $ 344,000
Total 100%  $ 4,239,000 o
Notes on Cost Estimation: = E - S ‘ - T
This project is an existing improvement. A cost percentage has been e SN fanr. 7 —2:"5‘:'::‘
assigned to future users as a combination of existing and future users : : 5 E
contribute to the deficiency.




SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: PVR-1
Project Name: Gravity Main along Pinole Valley Road, Orleans Drive, and Pinole Creek
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of approximately 1,130 feet of 6-inch to 10-inch diameter
pipeline along Pinole Valley Road, approximately 1,830 feet of 8-inch diameter pipeline along Pinole
Valley Creek, and approximately 530 feet of 12-inch diameter pipeline along Orleans Drive. The
surcharging of the gravity sewer cause SSO’s under PWWF conditions. To mitigate SSO's occurring
during PWWEF conditions, it is recommended that the existing pipeline be replaced with 15-inch
diameter pipeline.

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |[Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (9] ($/ft) (€3] (€3] (€3] Schedule
Gravity Main 6-12 12-15 Replace 4,020 #NJ/A  $ 1,629,000 $ 2,118,000 $ 3,018,000 2027-2031
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation:

Reimbursement Category Percent Cost (%)
Existing Users 99% $ 2,990,000
Future Users 1% $ 28,000

Total 100%  $ 3,018,000

Notes on Cost Estimation:

This project is an existing improvement. A cost percentage has been
assigned to future users as a combination of existing and future users
contribute to the deficiency.

« carclio



SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: PVR-2
Project Name: Gravity Main along Pinole Valley Road
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of approximately 1,030 feet of 15-inch diameter pipeline and
approximately g7o feet of 18-inch diameter pipeline along Pinole Valley Road. The surcharging of the
gravity sewer cause SSO's under PWWF conditions. To mitigate SSO’s occurring during PWWF
conditions, it is recommended that the existing pipeline be replaced with 24-inch diameter pipeline.

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |[Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (9] ($/ft) (€3] (€3] (€3] Schedule
Gravity Main 15-18 24 Replace 2,000 #N/A  $ 1,240,000 $ 1,612,000 $ 2,298,000 2027-2031
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation: Project Detail:

Reimbursement Category Percent Cost (%) ‘e

Existing Users 92% $ 2,122,000

Future Users 8% $ 176,000
Total 100%  $ 2,298,000
Notes on Cost Estimation: E J % ; o ¢ /[ :
This project is an existing improvement. A cost percentage has been : : ; . o e
assigned to future users as a combination of existing and future users
contribute to the deficiency.




SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: South-1
Project Name: Gravity Main along Pinole Valley Road, Sarah Drive, Shea Drive, and between Shea Driv
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of approximately 1,400 feet of 15-inch diameter pipeline along
Pinole Valley Road, approximately 250 feet of 8-inch diameter pipeline along Sarah Drive,
approximately 210 feet of 8-inch diameter pipeline along Shea Drive, and approximately 220 feet of 10-
inch diameter pipeline between Shea Drive and Pinole Valley Road. The surcharging of the gravity
sewer cause SSO’s under PWWF conditions. To mitigate SSO’s occurring during PWWF conditions, it

is recommended that the existing pipeline be replaced with pipelines ranging in size from 15-inch to 21-
inch diameter pipeline. This project should be re-evaluated once the 2021 flow monitoring program

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |[Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (9] ($/ft) (€3] (€3] (€3] Schedule
Gravity Main 8-15 15-24 Replace 2,080 #N/A  $ 1,066,000 $ 1,386,000 $ 1,975000 2032-2041
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation: Project Detail:

Reimbursement Category Percent Cost ($) ' ' £ - " \ v .”m
Existing Users 93% $ 1,836,000 Tat A ’
Future Users 7% $ 139,000
Total 100% $ 1,975,000
Notes on Cost Estimation: s 7 : [
This project is an existing improvement. A cost percentage has been A : : 27 = . Eﬂ

assigned to future users as a combination of existing and future users
contribute to the deficiency.

=
« carclio




SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: South-2
Project Name: Gravity Main along Pinole Valley Road
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of approximately 1,090 feet of 15-inch diameter pipeline along
Pinole Valley Road. The flow levels of the gravity sewer cause upstream manholes to surcharge within
3 feet of the manhole rim under PWWF conditions. To mitigate the risk of SSO occurring during
PWWEF conditions, it is recommended that the existing pipeline be replaced with pipelines ranging in
size from 18-inch to 21-inch diameter pipeline. This project should be re-evaluated once the 2021 flow
monitoring program has confirmed the flows in the pipes.

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |[Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (9] ($/ft) (€3] (€3] (€3] Schedule
Gravity Main 15 18-21 Replace 1,090 #N/A $ 524,000 $ 682,000 $ 971,000 2032-2041
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation:

Reimbursement Category Percent Cost (%)
Existing Users 98% $ 949,000
Future Users 2% $ 22,000

Total 100% $ 971,000

Notes on Cost Estimation:

This project is an existing improvement. A cost percentage has been
assigned to future users as a combination of existing and future users
contribute to the deficiency.




SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: South-3
Project Name: Gravity Main along Pinole Valley Road and Simas Avenue
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of approximately 320 feet of 8-inch diameter pipeline along
Simas Avenue and approximately 1,820 feet of 12-inch to 15-inch diameter pipeline along Pinole
Valley Road. The flow levels of the gravity sewer cause upstream manholes to surcharge within 3 feet
of the manhole rim under PWWF conditions. To mitigate the risk of SSO occurring during PWWF
conditions, it is recommended that the existing pipeline be replaced with pipelines ranging in size
from 15-inch to 21-inch diameter pipeline. This project should be re-evaluated once the 2021 flow
monitoring program has confirmed the flows in the pipes.

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |[Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (9] ($/ft) (€3] (€3] (€3] Schedule
Gravity Main 8-15 15-21 Replace 2,140 #N/A $ 975000 $ 1,268,000 $ 1,807,000 2032-2041
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation: Project Detail:

Reimbursement Category Percent Cost (%)
Existing Users 98% $ 1,766,000
Future Users 2% $ 41,000

Total 100%  $ 1,807,000

Notes on Cost Estimation:

This project is an existing improvement. A cost percentage has been
assigned to future users as a combination of existing and future users
contribute to the deficiency.




SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: South-4
Project Name: Gravity Main along Pinole Valley Road
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of approximately 2,500 feet of 10-inch to 12-inch diameter
pipeline along Pinole Valley Road. The surcharging of the gravity sewer cause SSO’s under PWWF
conditions. To mitigate SSO's occurring during PWWF conditions, it is recommended that the existing
pipeline be replaced with 15-inch diameter pipeline. This project should be re-evaluated once the 2021
flow monitoring program has confirmed the flows in the pipes

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |[Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (9] ($/ft) (€3] (€3] (€3] Schedule
Gravity Main 10-12 15 Replace 2,500 #N/A $ 1,013,000 $ 1,317,000 $ 1,877,000 2032-2041
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation: Project Detail:

Legend

Reimbursement Category Percent Cost (%) [T ——
Existing Users 98%  $ 1,835,000 o
Future Users 2% $ 42,000 B

Total 100% $ 1,877,000

Pipeline Projects
PUR Project
s Pinon Project

== San Pable FM Project

Notes on Cost Estimation:

This project is an existing improvement. A cost percentage has been
assigned to future users as a combination of existing and future users
contribute to the deficiency.

m— South Project

a— summit Project




SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: South-g
Project Name: Gravity Main along Pinole Valley Road, Doidge Avenue and Wright Avenue
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of approximately g8o feet of 8-inch to 10-inch diameter pipeline
along Pinole Valley Road, approximately 290 feet of 8-inch diameter pipeline along Doidge Avenue
and approximately 260 feet of 8-inch pipeline along Wright Avenue. The surcharging of the gravity
sewer cause SSO’s under PWWF conditions. To mitigate SSO’s occurring during PWWF conditions, it

is recommended that the existing pipeline be replaced with pipelines ranging in size from 10-inch to 15-
inch diameter pipeline. This project should be re-evaluated once the 2021 flow monitoring program
has confirmed the flows in the pipes.

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |[Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (9] ($/ft) (€3] (€3] (€3] Schedule
Gravity Main 8-10 10-15 Replace 1,530 #N/A ¢ 620,000 $ 806,000 $ 1,149,000 2032-2041
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation: Project Detail:

Reimbursement Category Percent Cost ($) Ve / I
Existing Users 98%  $ 1,128,000 ; A . & -
Future Users 2% $ 21,000 ik Ll ‘ : SO

Total 100%  $ 1,149,000 '

= e
Pipeline Projects

e PVR Project

Notes on Cost Estimation:

This project is an existing improvement. A cost percentage has been
assigned to future users as a combination of existing and future users
contribute to the deficiency.

— Pinon Project

== San Pablo FM Project
— SOULH Project

— Summit Project

— Tennent Project
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SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: Summit-1
Project Name: Gravity Main along Summit Drive
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of approximately 410 feet of 6-inch diameter pipeline along
Summit Drive. The flow levels of the gravity sewer cause upstream manholes to surcharge within 3
feet of the manhole rim under PWWF conditions. To mitigate the risk of SSO occurring during PWWF
conditions, it is recommended that the existing pipeline be replaced with 10-inch diameter pipeline.

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |[Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (9] ($/ft) (€3] (€3] (€3] Schedule
Gravity Main 6 10 Replace 410 #N/A ¢ 113,000 $ 147,000 $ 210,000 2032-2041
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation:

Legend

Reimbursement Category Percent Cost ($) sttt
Existing Users 97% $ 204,000 g - ([l . NP IREA oo
Future Users 3% $ 6,000 - .

Total 100% $ 210,000

Notes on Cost Estimation: : gt : S -

=== San Pablo FM Project

This project is an existing improvement. A cost percentage has been
assigned to future users as a combination of existing and future users
contribute to the deficiency.




SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: Hazel-1
Project Name: Hazel Lift Station Replacement
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of the existing lift station. The existing influent flow exceeds the
existing firm pumping capacity under PWWF conditions. To mitigate the risk of a SSO occurring
during PWWEF conditions, it is recommended that the new lift station have a firm pumping capacity of
0.831 mgd.

Project Details:

Existing Proposed Baseline Estimated Capital
Firm Firm No. of Construction | Construction | Improvement
Capacity | Capacity |Replace/|Pumps | Unit Cost Cost™ Cost®” Cost? Project
Project Element (mgd) (mgd) New | (Units) (%) ($) ($) ($) Schedule
Lift Station 0.43 0.831 Replace 2 -- $ 1,162,000 $ 1,511,000 $ 2,153,000 2027
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Detail:

Project Cost Allocation:

Legend

Reimbursement Category Percent Cost ($) B oo rroes
Existing Users 100%  $ 2,144,000 e
Future Users 0% $ 9,000

Total 100%  $ 2,153,000

e PVR Project

Notes on Cost Estimation:
As an existing deficiency, current users are assigned 100-percent of the
project's cost. Costs based on lift station cost curve.

— Pinon Project
=== San Pablo FM Project
— SoUth Project

— Summit Project

H e Tennent Project




SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: San Pablo-1
Project Name: San Pablo Lift Station Replacement
System Type: Wastewater Collection System

Project Description:

This project includes the replacement of the existing lift station. The existing influent flow exceeds the
existing firm pumping capacity under PWWF conditions. To mitigate the risk of a SSO occurring
during PWWEF conditions, it is recommended that the new lift station have a firm pumping capacity of
1.38 mgd.

Project Details:

Existing Proposed Baseline Estimated Capital
Firm Firm No. of Construction | Construction | Improvement
Capacity | Capacity |Replace/|Pumps | Unit Cost Cost™ Cost®” Cost? Project
Project Element (mgd) (mgd) New | (Units) (%) ($) ($) ($) Schedule
Lift Station 0.58 1.38 Replace 2 -- $ 1,662,000 $ 2,161,000 $ 3,079,000 2027
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Pr

Project Cost Allocation:

roject Detail:

B Legend

Reimbursement Category Percent Cost ($) s ' B sonponet
Existing Users 96% $ 2,964,000
Future Users 4% $ 115,000 -

Total 100%  $ 3,079,000 [

Pipeline Projects
s PVR Project

B0 e Pinon Project

Notes on Cost Estimation:
As an existing deficiency, current users are assigned 100-percent of the
project's cost. Costs based on lift station cost curve.

wmm San Pablo FM Project
e South Project
— Summit Project

e Tennent Project

b
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Project Number: San Pablo-2
Project Name: San Pablo Lift Station Forcemain Replacement
System Type: Wastewater Collection System

Project Description:

The purpose of this project is to mitigate the high velocity (> 8 fps) that the existing forcemain
experiences following San Pablo Lift Station under future conditions. It is recommended that an 8-
inch diameter forcemain be constructed to replace the existing 6-inch diameter forcemain.

Project Details:

Baseline Estimated Capital
Existing | Proposed Unit | Construction | Construction | Improvement
Diameter | Diameter |[Replace/|Length| Cost®™ Cost Cost®” Cost? Project
Project Element (in) (in) New (9] ($/ft) (€3] (€3] (€3] Schedule
Force Main 6 8 Replace 640 #N/A ¢ 141000 $ 184000 $ 262,000 2027
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14, 452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation: Project Detail:

Reimbursement Category Percent Cost (%) s l.”m
Existing Users 96% $ 252,000 - -
Future Users 4% $ 10,000

Total 100% $ 262,000

- e

Pipeline Projects

e PVR Project

Notes on Cost Estimation:

This project is an existing improvement. A cost percentage has been
assigned to future users as a combination of existing and future users
contribute to the deficiency.

— Pinon Project
wmw San Pablo FM Project
w— South Project

— summit Project
w— Tennent Project

Feet
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SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: RR-2
Project Name: Pipe Rehabilitation and Replacement Program
System Type: Wastewater Collection System

Project Description:

This is an annual program to rehabilitate or replace aging pipes or pipes with poor condition. The results of the City’s CCTV inspection program should be used
to identify the pipes most in need of rehabilitation and replacement. Additionally, a long term risk assessment should be completed to identify long term
rehabilitation and replacement projects and funding needs. It is also recommended that gravity pipes less than 8 inches in diameter be replaced with 8-inch
pipe. The length/total cost recommended in the CIP is an estimate. Once the City completes the CCTV inspection and have a better idea of the condition of the

Project Details:
Baseline Estimated Capital

Existing Proposed Annual Unit Construction | Construction | Improvement

2 Cost®

Diameter | Diameter |Replace/|Length| Cost®™ Cost™ Cos
Project Element (in) (in) New (ft/yr) ($/ft) (€3) (%) (%) Schedule

Project

Gravity Main Varies Varies R&R Varies Varies $ 540,000 $ 702,000 $ 1,000,000 2023
Gravity Main Varies Varies R&R Varies Varies $ 540,000 $ 702,000 $ 1,000,000 2024
Gravity Main Varies Varies R&R Varies Varies $ 540,000 $ 702,000 $ 1,000,000 2025
Gravity Main Varies Varies R&R Varies Varies $ 540,000 $ 702,000 $ 1,000,000 2026
Gravity Main Varies Varies R&R Varies Varies $ 540,000 $ 702,000 $ 1,000,000 2027
Gravity Main Varies Varies R&R Varies Varies $ 540,000 $ 702,000 $ 1,000,000 2028
Gravity Main Varies Varies R&R Varies Varies $ 540,000 $ 702,000 $ 1,000,000 2029
Gravity Main Varies Varies R&R Varies Varies $ 540,000 $ 702,000 $ 1,000,000 2030
Gravity Main Varies Varies R&R Varies Varies $ 540,000 $ 702,000 $ 1,000,000 2031
Gravity Main Varies Varies R&R Varies Varies $ 5,400,000 $ 7,020,000 $ 10,000,000 2032-2041

Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14,452.

(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation: Notes on Cost Estimation:

As an R&R project, current users are assigned 100-percent of the
Existing Users 100%  $ 19,000,000 project's cost.
Future Users 0% $ -

100%  $ 19,000,000

« carslia




SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: RR-3
Project Name: Inflow Identification Program
System Type: Wastewater Collection System

Project Description:
The 2014 flow monitoring program revealed several subbasins within the collection system that exhibited higher rates of inflow. This project includes
smoke testing and/or nighttime CCTV and/or field reconnaissance to identify potential sources of inflow.

Project Details:

Existing Proposed | Replace/| Length Annual Cost Capital Project
Project Element Diameter | Diameter ($/yr) Improvement Cost® Schedule
I/l Reduction Projects 4-12 8-12 R&R Varies $ 500,000 $ 500,000 2022
I/l Reduction Projects 4-12 >6 R&R Varies $ 500,000 $ 500,000 2023
I/l Reduction Projects 4-12 >6 R&R Varies $ 500,000 $ 500,000 2024
I/l Reduction Projects 4-12 >6 R&R Varies $ 500,000 $ 500,000 2025
I/l Reduction Projects 4-12 >6 R&R Varies $ 500,000 $ 500,000 2026
I/l Reduction Projects 4-12 >6 R&R Varies $ 500,000 $ 500,000 2027
I/l Reduction Projects 4-12 >6 R&R Varies $ 500,000 $ 500,000 2028
I/l Reduction Projects 4-12 >6 R&R Varies $ 500,000 $ 500,000 2029
I/l Reduction Projects 4-12 >6 R&R Varies $ 500,000 $ 500,000 2030
I/l Reduction Projects 4-12 >6 R&R Varies $ 500,000 $ 500,000 2031
I/l Reduction Projects 4-12 >6 R&R Varies $ 500,000 $ 5,000,000 2032-2041
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14,452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation: Notes on Cost Estimation:

As an existing R&R project, current users are assigned 100-percent of
Existing Users 100%  $ 10,000,000 the project's cost. This CIP line item was developed so the City can
Future Users 0% $ - budget for R&R Projects that could come from the I/l Reduction

100%  $ 10,000,000 Program's inspection phases.

« caralia



SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: (OF% ]
Project Name:

System Type:

Project Description:

Sewer Master Plan Update
Wastewater Collection System

It is recommended that the City updates their Sewer Master Plan Update every 5 years to re-evaluate

the wastewater collection system.

Project Details:

Existing
Diameter

Baseline
Construction
Cost

Proposed
Diameter

Estimated
Construction

Cos

t(2)

Capital

Improvement

Cost®

Project

Project Element (in) (in) €3] Schedule
Sewer Master Plan Update -- -- - -- -- -- -- $ 150,000 2027
Sewer Master Plan Update - - - -- - - - $ 150,000 2032-2041
Sewer Master Plan Update -- -- -- -- -- -- - $ 150,000 2032-2041
Sewer Master Plan Update - - - -- - - - $ 150,000 2032-2041

Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14,452.

(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation:

Reimbursement Category Cost (%)

Notes on Cost Estimation:

Existing Users 0% - percent of the project's cost.
Future Users 100% $ 600,000
Total 100% 600,000

As a Sewer Master Plan Update, current users are assigned 100-

« carslia



SANITARY SEWER MASTER PLAN UPDATE | WASTEWATER COLLECTION SYSTEM | CITY OF PINOLE

Project Number: 0-2
Project Name: Flow Monitoring Program
System Type: Wastewater Collection System

Project Description:

It is recommended that the City conduct a flow monitoring program every 5 years to aid with the
Sewer Master Plan Updates (O-1). It is assumed that each program will consist of 15 flow meters for a
1-month period. Flow monitoring should be timed to capture at least one major storm event,
preferably following wet ground conditions.

Project Details:

Unit Baseline Estimated Capital
Existing Cost™ | Construction | Construction | Improvement
Diameter | Duration |Replace/ ($/meter- Cost Cost® Cost®? Project
Project Element (in) (weeks) New . week) €3] Schedule
Flow Monitoring Program -- 4 weeks -- 15 -- -- -- 2027
Flow Monitoring Program - 4 weeks -- 15 -- -- -- 2028
Flow Monitoring Program -- 4 weeks -- 15 -- -- -- 2032-2041
Flow Monitoring Program - 4 weeks -- 15 -- -- -- 2029-2040
Notes:

(1) ENR 20 City Average Construction Cost Index for October 2021 is 14,452.
(2) Estimated Construction Cost include a 30% contingency of the baseline construction cost.

(3) Total project costs includes a 15% for bid climate, 10% for engineering, 10% for construction management, and 7.5% for environmental and legal costs.

Project Cost Allocation: Notes on Cost Estimation:

As an existing inspection program, current users are assigned
Existing Users 0% $ - 100-percent of the programs's cost.
Future Users 100% % -

Total 100% $ -

« carslia
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